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The treatment of head and neck squamous cell carcinoma 
(HNSCC) evolved slowly over most of the 20th century, 
with important breakthroughs including the description 
of the radical neck dissection by George Crile (1) in 1906 
with an improvement of 3-year survival from 19% to 75%, 
the report of modified radical neck dissection by Suarez et al. 
(2) in 1963, the introduction of postoperative adjuvant 
external beam radiotherapy in the 1970s, and the use of 
adjuvant chemotherapy in the late 1980s. However, the 
last 20 years have brought considerable advances in the 
understanding of head and neck cancer tumor biology. 
Molecular techniques helped epidemiologists identify 
and characterize human papillomavirus (HPV)-associated 
HNSCC, which is currently responsible for an epidemic 
of oropharyngeal HNSCC extending throughout North 
America and, to a lesser extent, Europe. In addition, with 
better understanding of the genetic and molecular changes 
that characterize HNSCC, novel therapeutic agents have 
been designed and used with success in the treatment of 
HNSCC, such as the EGFR-blocking antibody cetuximab 
(Erbitux). Furthermore, novel prognostic and predictive 
biomarkers are being evaluated in the clinical setting to 
inform personalized cancer treatments in which the treat- 
ment is tailored to the biology of an individual tumor. 
HNSCC vaccine trials are currently accruing patients, and 
the role of cancer stem cells (CSCs), angiogenesis, and 
microRNAs is under study. Very recently, the HNSCC can- 
cer genome has been outlined by sequencing the genomes 
or exomes of nearly 75 tumors (3). In sum, these times are 
exciting not only for head and neck tumor biologists but 
also for clinicians and patients who are already seeing the 
benefit of scientific discoveries in the clinical setting. 

As basic science increasingly merges with clinical medi- 
cine, it is important for the clinician to be familiar with 
the different molecular pathways contributing to HNSCC 
development. A working knowledge of this biology has 
become essential for understanding treatment options for 
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HNSCC in the 21st century. This chapter reviews selected 
major molecular pathways contributing to HNSCC. These 
include the mitogen signaling cascade, the cell cycle and its 
regulation, the major DNA repair pathways, and protection 
against apoptosis. The concept of solid tumor stem cells 
and angiogenesis is also discussed. For each section, a cur- 
rent model for the pathway is described, highlighting how 
deregulation of this pathway participates in tumor devel- 
opment. Examples illustrate how each pathway is involved 
in HNSCC tumor biology, and its clinical relevance. 
However, it is important to remember that basic science 
is in constant evolution. What appears meaningful today 
may be obsolete tomorrow. Every effort has been made to 
provide models backed by strong evidence that are likely to 
withstand the test of time. 


Head and neck cancer is an important cause of death and 
morbidity worldwide. It is the eighth most frequent type 
of cancer in the USA with nearly 50,000 new cases diag- 
nosed every year accounting for 11,000 deaths (4). Similar 
to other cancer types, HNSCC is proportionally even more 
deadly worldwide, where 510,000 new cases of HNSCC will 
be diagnosed yearly and more than half of these patients 
will succumb to their disease (5). Each of these cancers is 
the result of a multistep accumulation of genetic mutations 
in a progenitor cancer cell (6-8). Subsequent proliferation 
of mutated progenitor cells results in clonal expansion. 
With further accumulation of mutations, the clonal out- 
growth becomes unregulated and irreversible. The nascent 
tumor progressively acquires new phenotypes including 
the capacity for invasiveness and metastasis. It was previ- 
ously thought that head and neck cancers resulted from 
6 to 10 independent significant genetic mutations acquired 


1645 


1646 Section VII: Head and Neck Surgery 


over a period of 20 years (9). However, recent data from 
head and neck cancer genome sequencing suggest that 
many more mutations accumulate, although most of these 
may be of little consequence (i.e., passenger mutations) 
(3). In HNSCC, on average, 1 to 15 base pairs are mutated 
for each megabase of exome (3), which suggests there may 
be at least 6,000 to 90,000 mutations for the 6.4 billion 
base pairs in the human diploid genome. 

Over the past 15 years, it has been increasingly evident 
that all tumors labeled as HNSCC may not represent the 
same clinical entity (10). For instance, HNSCC tumors 
have different prognosis depending on the affected site. 
A tonsil cancer from a middle-age smoker-drinker behaves 
differently than a lateral tongue cancer from an elderly 
woman who never smoked or drank, or a tonsil cancer 
from a young nonsmoker. Epidemiologic and clinical stud- 
ies suggest that even HNSCCs with a similar histologic 
appearance may represent different types of tumors based 
on molecular heterogeneity, pathogenesis, risk factors, and 
clinical outcomes. 

Exposure to carcinogens present in tobacco or betel 
quid is a major factor for head and neck cancer that has 
been recognized for years. Tobacco derivates contain a 
potent carcinogen, which damage the DNA and mutate 
the genome of progenitor cancer cell; tobacco smoke 
contains more than 4,000 toxic compounds including 
81 carcinogens (11), and smokeless tobacco contains muta- 
genic nitrosamines (11). Interestingly, in vitro, one of the 
most potent carcinogens found in cigarette smoke, named 
benzo[a]pyrene diol epoxide, preferentially mutates p53 at 
hot spots found in lung cancer (12). It is therefore perhaps 
not surprising that p53 is the most frequently mutated 
gene in HNSCC, since tobacco consumption and synergis- 
tically excessive alcohol intake are the two major risk fac- 
tors for HNSCC in the USA; “heavy” tobacco consumption 
increases the cancer risk by 5.8 times, “heavy” drinking by 
7.4 times, and combination of the 2 increases the risk by 
38 times in male and 100 times in females (13). In eastern 
countries, areca nut chewing in betel quid has been iden- 
tified as a risk factor for HNSCC. The areca nut does not 
contain a single organic chemical responsible for the can- 
cer formation, but rather a combination of chemicals that 
affect distinct steps of carcinogenesis. Areca alkaloids have 
genotoxic effects and participate in tumor initiation, and 
arecaidine contributes to tumor promotion (14). 

After HPV was identified in oropharyngeal cancers 
(15-19), it became evident that a subset of oropharyngeal 
HNSCC is not associated with smoking and drinking but 
rather with promiscuous oral sex behavior and to seroposi- 
tivity of sexually transmitted HPV16 (18,20). HPV-positive 
HNSCC found in nonsmokers has a better prognosis than 
traditional HNSCC found in smoker/drinkers (21,22). That 
these tumors represent two groups of HNSCC with distinct 
tumor biology is also evident at a genetic level: consider- 
ably fewer mutations are found in HPV-positive tumors 
from nonsmoker patients (3). Interestingly, retrospective 


analyses of archived tumors suggest that oropharyngeal 
HPV-positive tumors represent a relatively recent entity; 
also, to date, this epidemic has spread more extensively 
in the USA than in Europe. HPV-positive HNSCC in non- 
smokers is now widely recognized as a distinct group of 
HNSCC (21). With further progress in the genetic and 
molecular understanding of HNSCC tumor biology, novel 
groups of HNSCC are likely to be characterized. 

Other subtypes of HNSCC may originate on particular 
genetic backgrounds. Humans are not identical due to a cer- 
tain genetic variability, or polymorphism, observed within 
the human population. In certain instances, the polymor- 
phism has a profound effect on the function of a cancer 
susceptibility gene and induces a cancer-prone syndrome, 
sometimes an HNSCC-prone syndrome. For instance, 
patients with a congenital deficiency in one of the multiple 
genes coding for the Fanconi anemia DNA repair path- 
way proteins are 500 to 700 times more prone to HNSCC 
compared to other patients. Fanconi anemia patients, rec- 
ognized at birth by finger aplasia, abnormal facies, and 
short stature, develop childhood aplastic anemia due to 
apoptosis of hematopoietic cells, and myelodysplastic syn- 
drome in adolescence, with an 800-fold increased chance 
of myeloid leukemia (23). These patients are exquisitely 
sensitive to genotoxic stress by cross-linking agents (such 
as mitomycin C) because they cannot efficiently repair 
mutagenic DNA interstrand cross-links; as a consequence, 
their cells rapidly accumulate mutations when exposed to 
carcinogens (23). In a similar vein, it has been proposed 
that polymorphisms in DNA repair genes that mildly affect 
DNA repair capacity may lead to increased susceptibility 
to HNSCC due to hypersensitivity to environmental DNA- 
damaging agents. However, increased HNSCC susceptibil- 
ity due to polymorphisms in DNA repair genes remains 
largely unproven (24). 


PATHOGENESIS AND FIELD 
CANCERIZATION 


Most of our knowledge about HNSCC pathogenesis comes 
from oral cancer. Precursor lesions of oral SCC are oral leu- 
koplakia and erythroplakia. Clinically evident premalignant 
lesions are prevalent in less than 0.5% of the population 
where the rate of progression to cancer is estimated to 
be 1% to 2% per year (25). The leukoplakia is an exclu- 
sion diagnosis. It is a clinical term referring to a patch of 
white mucosa that does not disappear by rubbing. More 
specifically, a workshop coordinated by the World Health 
Organization defines leukoplakia as “white plaques of 
questionable risk having excluded (other) known diseases 
or disorders that carry no increased risk for cancer” (26). 
The erythroplakia is a clinical term reserved as an exclusion 
diagnosis for a red velvety mucosal lesion that cannot be 
classified otherwise. These are clinical terms based on the 
macroscopic appearance, the lesion, and not pathologic 
diagnoses, and inference on the histopathology of the lesion 


should not be made. Histologically, most leukoplakia are 
the consequence of a hyperkeratotic response to an irritant, 
and only 20% shows evidence of dysplasia or carcinoma on 
histology (27,28), while 90% of erythroplakia demonstrate 
changes consistent with premalignancy or early malignancy 
(29). However, it is now evident that the macroscopically 
normal mucosa that surrounds the excision site of HNSCC 
may also represent mucosa in an inconspicuous state of 
premalignancy, and may be the source of recurrence (10). 
As early as the 1950s, the concept of field cancerization that 
the mucosa is diffusely diseased and at higher risk of devel- 
oping tumor was proposed (30). Scientific advances over 
the past 20 years have begun to describe the pathogenesis of 
HNSCC at a molecular and genetic level. 

Experimental animal models of tumor formation have 
identified chemical tumorigenesis as a two-step process. 
First, a mutagen, such as dimethylbenzanthracene (DMBA) 
or 4NQO, is applied to the epithelium (31). During this 
step, called tumor induction, genotoxic stress induces DNA 
damage, which, if not repaired, leads to mutation of the 
genome of a precursor cancer cell. In this model, muta- 
tions are not sufficient to induce cancer. The mutated pre- 
cursor cancer cell needs to be stimulated to proliferate to 
progress to cancer. In skin carcinogenesis, application of 
croton’s oil stimulates the protein kinase C (PKC) signal- 
ing cascade (see below) and induces epithelial and pre- 
cursor cancer cell proliferation; this step is called tumor 
promotion (32). With further mutations, clonal outgrowth 
becomes irreversible and unregulated. 

The critical mutations leading to cancer development 
occur in two major gene categories: proto-oncogenes and 
tumor suppressors. Proto-oncogenes are genes involved 
in normal cellular functions such as cell proliferation or 
cell death (33). Ras and epidermal growth factor recep- 
tor (EGFR) are proto-oncogenes. A proto-oncogene with 
a mutation that renders it capable of transforming a cell 


TABLE 

108.1 
Tumor Suppressor Location 
p16 (CDKN2A) 3p21 
p53 (TP53) 17p13 
PTEN 10q23 
SMAD4 18q21 
PTPRD 9p23 
CSMD1 8p23 
RASSF1A 3p21 
FHIT 3p14 
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is called an oncogene. Since oncogenic mutations repre- 
sent genetic gain of function, mutation in only one of the 
two gene copies (alleles) is sufficient to confer a growth 
advantage. For example, only one mutated copy of an acti- 
vated EGER is sufficient to drive proliferation. In contrast, 
tumor suppressors are genes that prevent carcinogenesis. 
Mutations of both alleles are required to remove a normal 
cellular block to cancer development (33). Often one copy 
is inactivated by mutation, and the other is lost second- 
ary to loss of heterozygosity (LOH). For instance, p53 is 
a tumor suppressor, as it prevents cell proliferation and 
induces apoptosis. With a mutation that inactivates only 
one copy of p53, the cell can still efficiently regulate the 
cell cycle via the remaining non-mutated copy. If cop- 
ies are lost or inactivated, the cell cycle block is removed. 
Ironically, p53 was initially identified in a screen designed 
to identify oncogenes (34-36). The mutant copy of p53 
that was thought to be an oncogene was later recognized 
to be a dominant negative form, in which the mutated p53 
prevented the function of the normal allele (37,38). When 
this was understood, p53 was recognized to be a tumor 
suppressor (39,40). A list of putative and confirmed onco- 
genes and tumor suppressors in HNSCC and their respec- 
tive chromosomal locations is provided (Table 108.1). 

A multistep model of HNSCC progression proposes 
that mutations may be acquired in a progenitor cancer cell 
in a successive manner, ultimately leading to carcinoma 
formation (Fig. 108.1) (7,8,33,41). This model resulted 
from the analysis of cancers and cancer precursors in which 
histology was linked to genetic analysis (42). LOH of chro- 
mosome 3p and 9p, which contains the tumor suppressor 
p16, is frequently found in dysplasias, and is thought to be 
involved early during carcinogenesis (6,8). Loss of 17p, the 
part of the genome that contains p53, occurs at the transi- 
tion from a noninvasive to an invasive lesion (G6). In con- 
trast, alteration of chromosomes 4q, 11q, and 8 is found 


TUMOR SUPPRESSORS AND ONCOGENES IN HNSCC 


Oncogenes Location 
Cyclin D1(CCND1) 11913 
EGFR 7p11 
PI3KCA 3q26 
MET 7q31 
Cyclin L1 (CCNL1) 3q25 
PARP1 3q25 
TP63 3q26 
Dcun1D1 3q26 
Myc 8q24 
PTK2 8q24 
Cortactin 11q13 
FADD 11q13 


Bold indicates established tumor suppressor or oncogenes. 
Derived from Leemans CR, Braakhuis BJ, Brakenhoff RH. The molecular biology of head and neck cancer. 


Nat Rev Cancer 2011;11:9-22. 
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Figure 108.1 Tumor progression 
in HNSCC. Timeline represent- 
ing the correlation between his- 
topathology and cytogenetics in 
HNSCC and its precursor lesions. 
Histology is represented on the 
top, cytogenetic abnormalities on 
the bottom. 


preferentially in carcinomas and is thought to represent 
late events in the carcinogenic process (6,7). 11q amplifica- 
tion corresponds to cyclin D1 overexpression. 

In LOH and chromosomal amplification, a group of 
genes located in one region of a chromosome are all lost 
or amplified at once. Genetic mapping of the lost/ampli- 
fied portion of the chromosome helps delineate genes 
potentially involved in tumor formation. In addition, cells 
with common genetic alterations can be identified on his- 
tology and mark clonal expansion of cancer progenitors. 
By labeling cells bearing these chromosomal markers 
together with p53 mutations on histologic slides, it was 
found that in 35% of oral carcinomas the macroscopically 
normal mucosa surrounding the tumor contained genetic 
alteration (43). Eradication of the mucosa bearing genetic 
alterations at the time of surgery is critical to reduce local 
recurrences (44). These data support the field canceriza- 
tion theory put forward in the 1950s. 

With the principles of carcinogenesis in mind, we can 
probe into the major molecular pathways that are dys- 
regulated in cancer precursor cells and are instrumental in 
driving cancer progression. The clonal growth of a cancer 
precursor cell can be viewed as the product of a steady state 
equation in which the rate of proliferation is greater than 
the rate of cell death, leading to a net overgrowth of the 
clone. At the core of proliferation lies the cell cycle and its 
tight regulation. Before elaborating on this, it is important 
to review the major autocrine and paracrine signals that 
drive the cell cycle. 


UPSTREAM OF THE CELL CYCLE: 
EPIDERMAL GROWTH FACTOR 
RECEPTOR AND TGFB 


Epidermal Growth Factor 


Under physiologic conditions, epithelial cells proliferate in 
response to mitogens of the epidermal growth factor (EGF) 
family of ligands that are secreted in autocrine or paracrine 
fashion, or presented via cell-cell contact and activate the 
EGF receptor (EGFR) (Fig. 108.2A). For instance, cells are 
stimulated to proliferate via EGF during wound healing. 
The signal is initiated by 1 of 11 members of the EGF family. 
All EGF family ligands exist in pro-form as transmembrane 
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precursor proteins. They are converted to an active diffusible 
form by extracellular cleavage of the membrane protein. Six 
members of the EGF family are expressed in most SCC cell 
lines and activate the EGFR: EGE transforming growth fac- 
tor alpha (TGFa), HB-EGE amphiregulin, betacellulin, and 
heregulin (45). HB-EGF is particularly interesting. The pro- 
form may either be cleaved to generate a diffusible factor 
by matrix metalloproteases (MMPs) that degrade extracel- 
lular matrix during cell migration (46), or it may activate 
EGER as a transmembrane protein via cell-cell interaction, 
acting in a juxtacrine fashion. The effects on the target cell 
are different depending on whether HB-EGF is soluble or 
membrane bound. (Singh AB, Harris R. Autocrine, para- 
crine and juxtacrine signaling by EGFR ligands. Cell Signal 
2005; 10:1183-1193.) 

Growth factors present in the interstitial space can also 
act on other receptors of the EGFR family (also called the 
ErbB family) that include ErbB1 (EGFR), ErbB2 (HER2/c- 
neu), ErbB3 (Her3), and ErbB4 (Her4) (45). In absence of 
ligand, most ErbB-family receptors are present at the cell 
surface of epithelial cells in the form of monomeric inac- 
tive transmembrane tyrosine kinase receptors. Binding of 
bivalent extracellular ligand triggers receptor dimerization, 
which brings catalytic cytoplasmic tails into close proximity, 
allowing trans-autophosphorylation of the cytoplasmic tails 
on tyrosine, serine, and threonine residues (47,48). ErbB 
receptors present at the cell surface are not a static pool of 
proteins. The receptors constantly cycle between an endo- 
somal reservoir and the cell surface, where they become 
exposed to the ligands (49). After being activated, the recep- 
tor is endocytosed and either degraded or recycled (47,49). 

Upon activation and transphosphorylation, active EGFR 
triggers three major signaling pathways. First, it activates the 
Ras—Map kinase pathway. Autophosphorylation sites on the 
cytoplasmic tail become docking sites for the adaptor pro- 
tein SHC, which in turn recruits Grb2, which recruits Sos. 
Sos is a guanosine exchange factor for Ras, a small GTPase 
bound to the inner leaflet of the plasma membrane where 
it cycles between GDP and GIP bound forms (50,51). 
Ras acts as a molecular switch which is turned “on” when 
bound to GIP (52). The Sos activates Ras by mediating the 
exchange of GDP for GTP. Active Ras recruits the scaffold- 
ing protein Raf to the membrane (53). This leads to activa- 
tion of the map kinase cascade, ultimately leading to ERK 
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Figure 108.2 Signaling upstream of the cell cycle. Model for EGFR (A) and TGF-f (B) signaling 


pathways are represented. See text for details. 


and Jun kinase (JNK) phosphorylation and activation (54). 
JNK is a serine/threonine kinase, which phosphorylates 
the c-Jun transcription factor. Phosphorylated c-Jun forms 
a heterodimer with phosphorylated c-fos, which together 
constitutes the AP-1 early response transcription factor that 
drives cell proliferation (55). ERK can also phosphorylate 
and activate transcription factors responsible for cell prolif- 
eration and cell migration. 


The second signaling pathway activated by EGER is the 
Jak/STAT pathway. Inactive STAT (signal transducer and 
activator of transcription) proteins are located in the cyto- 
plasm. Activated EGFR recruits and activates the transcrip- 
tion factor STAT3 via two mechanisms: via Janus kinase 
(Jak) or via direct interaction with STATS. Jak is a tyrosine 
kinase that binds to the juxtamembrane intracellular por- 
tion of activated receptors. Active Jak then phosphorylates 


1650 Section VII: Head and Neck Surgery 


and activates STAT1 or STAT3 proteins (56). An alternate 
mode of activation of STAT3 is via direct interaction with 
EGFR (57). STAT3 is recruited to active EGFR, where it 
binds to specific phosphotyrosine residues of the receptor 
via its Src homology domain (SH2). STATS is then directly 
phosphorylated by the receptor on critical tyrosine and ser- 
ine residues. Phosphorylation of STATS, either via Jak or via 
EGER, leads to its dimerization, either as STAT3 homodi- 
mers or as STAT3:STAT1 heterodimers (58). Activated STAT 
transcription factor dimers translocate either to mito- 
chondria where they regulate metabolism characteristic of 
cancer cells (59,60) or to the nucleus where they regulate 
growth factor/cytokine-directed gene expression (56) and 
increase cell motility (61,62). 

Finally, EGFR also activates the PI3 kinase/Akt path- 
way that promotes cell survival by suppressing apoptosis. 
Activated EGFR recruits and activates phospholipase-Cy, 
which directs the hydrolysis of the phosphatidylinositol 
biphosphate (PIP2) at the plasma membrane. This hydro- 
lysis generates an insoluble diacyl glycerol, which activates 
PKC, and a soluble phosphatidyl (1,4,5) triphosphate in 
the cytosol (32). There, IP3 (1,4,5) releases Ca?* stores 
from the endoplasmic reticulum. Activated EGFR can also 
recruit and activate PI3 kinase, via the SH2 domain of the 
kinase. PI3 kinase then phosphorylates PIP2 to gener- 
ate phosphatidylinositol-(3,4,5) triphosphate (PIP3) that 
remains membrane bound (63). Proteins with a pleckstrin 
homology (PH) domain such as Akt and PDK migrate to 
and associate with PIP3 located at the plasma membrane 
(63). Close proximity of Akt and PDK leads to Akt phos- 
phorylation and activation. Akt renders the cell more resis- 
tant to apoptosis and increases proliferation. In addition, 
Akt also induces a motile and invasive cell phenotype. 
PTEN, an important tumor suppressor that is frequently 
mutated in cancers, counteracts Akt effects (64,65). PTEN’s 
sequence resembles serine, threonine, and tyrosine phos- 
phatases, but it acts principally as a lipid phosphatase 
converting PIP3 into PIP2 (64). Thus, PTEN tempers the 
effect of PI3K activation by limiting PIP3-mediated signal- 
ing. PI3 kinase lipid signaling pathway is a major pathway 
linking EGFR activation to increased cell proliferation and 
motility and decreased cell death, and is often involved in 
carcinogenesis. 


Clinical Implications of EGF Pathway 
in HNSCC 


EGER is frequently upregulated in HNSCC (66-68), and in 
general EGFR upregulation correlates with a worse progno- 
sis (68-70), including more rapid disease progression and 
the presence of lymphatic metastasis, through its effect on 
proliferation, motility, and angiogenesis (71). The mecha- 
nisms leading to EGFR overexpression in HNSCC are still 
unclear. Genome sequencing suggests that EGFR is not 
mutated in HNSCC, in contrast to other tumor types (3). 
It is rarely amplified (less than 10% of HNSCC). However, 


a peculiarity of HNSCC is the common overexpression of 
a truncated mutant of the receptor (EGFRvIII) in 40% of 
HNSCC (72). EGFRvIIL, which is constitutively active and 
has degradation prolonged half-life, is found exclusively 
in tumors, making it a prime target for anticancer therapy 
with specific monoclonal antibodies. Because of the high 
frequency of EGFR upregulation HNSCC, EGFR-targeting 
strategies have been extensively investigated. Both small 
molecule EGFR tyrosine kinase inhibitors and monoclonal 
antibodies have been tested for activity against HNSCC. 
Cetuximab, an EGFR-blocking antibody, demonstrated 
activity against HNSCC, with improved locoregional con- 
trol and survival compared to radiotherapy alone (73) 
and with improved response rate and survival when used 
in combination chemotherapy (74). Cetuximab (Erbitux) 
is now used routinely to potentiate radiotherapy. To date, 
while tyrosine kinase inhibitors targeting EGFR (such as 
gefitinib and erlotinib) have activity in HNSCC, they have 
not demonstrated prolonged survival in Phase III clinical 
studies (75). This discrepancy suggests that EGFR-blocking 
antibody has effects other than inhibition of the signal- 
ing pathway; the antibody could have an effect on immu- 
nity (76,77), or on EGF-independent effects such as DNA 
repair (78,79). 

In addition to targeting EGFR itself, considerable effort 
has been invested in inhibiting downstream targets. STAT3 
homodimers, which have oncogenic properties, are overex- 
pressed in HNSCC and are the target of anticancer thera- 
pies (80). Specifically, STAT3 inhibitory strategies using 
dimerization-disrupting agents or competitive inhibitors 
of the DNA-binding domain of STAT3 have been proposed 
to combat HNSCC (80-82); the latter was used in a clini- 
cal trial with promising results. HNSCC genome sequenc- 
ing found that 5% of tumors display H-Ras mutations, 
leading to constitutive activation of the small GTPase (3). 
Whether Ras is mutated or simply subject to sustained 
activation by EGFR, it is a seductive therapeutic target. Ras 
may be inhibited via blocking farnesylation of the protein 
(63), an essential posttranslational modification required 
for its targeting to the plasma membrane where it medi- 
ates its effects. In addition, the PIP3 lipid pathway is also 
relatively frequently mutated in HNSCC. PTEN is mutated 
in 7% of HNSCC with some cancers bearing both H-Ras 
and PTEN mutations (3,83). The inactivation of PTEN pro- 
motes PIP3 accumulation and activation of downstream 
targets such as Akt. PI3KCA, a catalytic subunit of PI3 
kinase, is also mutated in HNSCC (3,84). These mutations 
underscore how frequently the inositol lipid pathway is 
the target of carcinogenic mutations. While the contribu- 
tion of these mutations to protein function or prognosis 
is yet unknown, they will likely be the subject of exciting 
HNSCC tumor biology discoveries in the near future. To 
date, therapeutic strategies targeting the PI3K/Akt pathway 
in HNSCC remain mostly limited to the preclinical setting 
(63). Pharmacologic inhibitors being developed include a 
water-soluble form of wortmannin, an inhibitor of PI3K. 


Importantly, mTOR, a downstream target of Akt, can be 
inhibited with rapamycin, the RADOO1(Everolimus), and 
CCI-779 (Temsirolimus) compounds and is the focus of 
innovative anti-HNSCC therapeutic strategies that are 
already being tested in Phase I and II clinical trials (85). 


Transforming Growth Factor Beta 


The transforming growth factor beta (TGF-B) superfamily 
of ligands regulates both embryologic processes and adult 
tissue homeostasis. These ligands act as tumor suppres- 
sors by inhibiting proliferation of epithelial cells, and by 
sensitizing cells to apoptosis; in that respect, TGF-B effects 
are opposite to those of EGFR. It is therefore not surpris- 
ing that TGF-B signaling is also the target of carcinogenic 
mutations. 

The TGF-8 superfamily includes TGF-Bs (TGF-B 1, 2, 
and 3), bone morphogenic protein, growth and differ- 
entiation factors, nodal, activin (involved in embryogen- 
esis and bone formation), and anti-mullerian hormone 
(86,87). TGF-B is secreted as inactive precursors that 
are proteolytically activated by extracellular proteinases 
(86,88). The biologically active cytokine is present in 
the interstitial compartment; the signal is triggered when 
TGF-B binds a dimeric Type II TGFB receptor. TGF-B recep- 
tors are single-span transmembrane receptors with serine/ 
threonine kinase activity (Fig. 108.2B). Upon activation, 
dimeric type II receptors recruit and associate with dimeric 
Type I receptors, another transmembrane serine/threonine 
kinase receptor, to form a tetrameric receptor complex 
(86-88). Both receptors are then in close proximity, leading 
to the phosphorylation and activation of the Type I receptor 
by the Type II receptor. In turn, activated Type I receptor 
recruits an adaptor protein named SARA (Smad anchor 
for receptor activation) that mediates transient binding 
between the Type I receptor and SMADs, a family of tran- 
scription factors present in the cytoplasm. The SMAD fam- 
ily of proteins has eight members, SMAD 1-8, which come 
in three types: receptor-activated SMADS (R-SMADS), co- 
SMADS, and inhibitory SMADS (I-SMADS) (89). RSSMADS 
involved in TGF-f signaling are SMAD2 and SMAD3. SARA 
brings SMAD 2 and 3 in close proximity to the catalytic 
site of the Type I receptor, which then phosphorylates the 
R-SMAD C-terminus (87,88). This posttranslational modi- 
fication induces a conformational change that allows inter- 
action with a co-SMAD (SMAD4). The newly assembled 
SMAD:co-SMAD complex translocates to the nucleus where 
it interacts with other transcription regulators, to control 
expression of genes involved in apoptosis, and cell cycle 
repressors including p15 and p21(87). However, TGF-B 
signaling does not necessarily involve SMADs, and SMADs 
are not necessarily activated by Type I receptors. Recently, 
important cross talk between the MAP kinase pathway 
and SMADs has been revealed: ERK has been shown to 
phosphorylate SMADS (90). Reciprocally, TGF receptors 
can regulate important targets in a SMAD-independent 
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manner, including the Map kinase pathway (90) and the 
Rho family of small GTPases (91), which are “molecular 
switches” similar to Ras, but are involved in the regulation 
of actin dynamics, cell migration, and metastasis (51). This 
represents one way in which TGF-B regulates cell morphol- 
ogy and migration. 

The TGF-B pathway is negatively regulated at three lev- 
els. First, at the level of the extracellular matrix, the small 
proteoglycan decorin inhibits TGF-B receptor signaling 
(92). Decorin has antitumoral activity in vitro. Second, 
intracellular I-SMADs prevent binding of R-SMADs to 
the activated Type I receptor, and thus negatively impact 
SMAD signaling. Third, both the receptor and SMADs 
can be targeted for proteasome-mediated degradation, 
regulated by E3 ubiquitin ligases SMURF1 and SMURF2 
(93,94). Interestingly, SMURF1 not only downregulates 
the TGF-B signaling pathway but also enhances cancer cell 
migration and invasion by targeting the GTPase Rho A for 
degradation, thereby reducing stress fibers and enhancing 
cell protrusions and motility (91). In summary, TGF-B sig- 
naling is at the crossroads of cell proliferation, cell death, 
and migration, and it is involved in many aspects of 
carcinogenesis. 


Clinical Implications of TGF-B Pathway 
in HNSCC 


The role of TGF-f signaling in tumorigenesis is multifac- 
eted. While TGF-B has tumor suppressive effects, cancer 
cells can circumvent the suppressive component of the 
pathway and use TGF-B stimulation to their advantage to 
promote invasion and secretion of mitogens and pro-meta- 
static cytokines. This explains why TGF-f signaling is inhib- 
ited in certain cancers and upregulated in others. HNSCC 
is no exception. For instance, TGF-8 receptor and SMADS 
are often downregulated in HNSCC (95). The downregula- 
tion may occur via loss of heterozygosity of chromosome 
q18, which contains TGFBRI and SMAD genes, or via DNA 
methylation-mediated gene repression (88). In addition, 
inactivating mutations in TGFBRI or Il and SMADs have 
been reported in HNSCC, and may be present in up to 
20% of neck metastasis (TGFBRI) (96-98). However, exo- 
some sequencing of 80 HNSCC primary tumors found 
no mutations in TGF-B pathway, indicating that inactivat- 
ing mutations are probably not a frequent event (3). An 
elegant demonstration that the downregulation of TGF-B 
signaling participates in HNSCC formation comes from a 
genetic mouse model in which the loss of TGFBRIL, in the 
presence of an activating Ras mutation, induces head and 
neck tumors that closely resemble human HNSCC. 

As above, TGF-B1 is actually frequently overexpressed 
in HNSCC, by about five times the normal levels in 40% 
of HNSCC (99). TGF-B1 is not only upregulated in the 
tumor but also in the surrounding normal-appearing tis- 
sue, suggesting that the tumor microenvironment contrib- 
utes to tumorigenesis. This hypothesis was confirmed in a 
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transgenic animal model where the induction of TGF-B1 
overexpression in oral mucosa led to mucosal hyperprolif- 
eration and angiogenesis (99). This suggests that TGF-BR 
ligand stimulation may be upregulated in HNSCC and have 
a profound effect on tumorigenesis and tumor biology. In 
addition, modulation of TGF-B signaling mediators down- 
stream of the receptor also contributes to HNSCC tumori- 
genesis. For instance, SMAD2 and 4, but not SMAD3, are 
frequently downregulated in HNSCC, correlating with 
a worse prognosis (100,101). Here again, a genetic ani- 
mal model in which SMAD4 is deleted demonstrates that 
loss of SMAD4 interferes with DNA repair pathways and 
results in the spontaneous development of invasive head 
and neck tumors (101). In a similar vein, TGF-B inhibitors 
interfering with SMAD signaling also contribute to tumori- 
genesis. The overexpression of SMURF2, which enhances 
cell migration and invasion in vitro, is a marker of bad 
prognosis in esophageal SCC (102); whether SMURFs have 
prognostic value in HSNCC has not yet been tested. 


THE CELL CYCLE ORCHESTRATES CELL 
PROLIFERATION 


Multiple extracellular mitogenic signals such as EGE the 
sensing of neighboring cells via cell-cell interactions, or 
tissue oxygenation are integrated via distinct signaling 
pathways that converge to regulate the cell cycle. The inte- 
gration of these signals informs the cell of the decision to 
proliferate. The cell cycle-regulating machinery is a prime 
target for oncogenic mutations, since cancer is a disease of 
unregulated cell proliferation. 

In the resting state, the cell is quiescent, termed the GO 
phase of the cell cycle. In this dormant stage, the pocket 
family proteins (Rb, p107, and p130) act as transcrip- 
tional cofactors that inhibit expression of proliferation- 
related genes (103). Among other effects, Rb inhibits 
the transcription factor E2F that drives the expression of 
proliferation genes (33,103). However, in the presence of 
growth factors, the Ras/Raf/ERK pathway becomes acti- 
vated, leading to the phosphorylation and activation of 
transcription factors driving expression of proliferation 
genes, including cyclin D (Fig. 108.3) (104). Cyclin pro- 
teins are expressed for a limited period during the cell 
cycle and are rapidly degraded via ubiquitin-mediated 
protein degradation, leading to oscillating concentration 
during the cell cycle (105). There are several members of 
the cyclin family, each specific for a phase of the cell cycle. 
Cyclins have no intrinsic enzymatic activity, but associ- 
ate with and partially activate cyclin-dependent kinases 
(Cdk), whose expression levels remain constant during 
the cell cycle. A second posttranslational modification, 
such as phosphorylation of the cyclin:Cdk complex by 
a Cdk-activating kinase (CAK or cylinH:Cdk7) at a spe- 
cific threonine site (Thr 160) (106) or dephosphorylation 
of an active site by cdc25 (107), is also required for full 
activity of the complex. 


Early in the G1 phase, cyclin D is synthesized as a con- 
sequence of ERK activation (104). Cyclin D accumulates as 
long as the growth factor is present, but in the absence of 
growth stimuli, the protein is quickly degraded, and pro- 
gression through the cell cycle stops. Cyclin D associates 
with Cdk4/6, the effector kinases of the G1 phase of the 
cell cycle. Active cyclinD:Cdk4/6 complex acts in a positive 
feedback loop during the G1 phase to promote cyclin D 
expression. The active kinase complex mediates the inhibi- 
tory phosphorylation of pocket proteins, which repress E2E 
As aresult, E2F-dependent transcription is derepressed, and 
cyclin D synthesis increases (104). The same mechanism is 
responsible for the accumulation of cyclin E later in G1. 

As cyclin E levels increase in somatic cells, it associ- 
ates with Cdk2 to form an active complex that governs 
the G1/S transition. This cyclin:Cdk complex has distinct 
functions to prepare cell for DNA synthesis and mitosis. 
First, it induces duplication of the centrosome (108), a 
membraneless organelle responsible for microtubule net- 
work and mitotic spindle assembly. Second, it renders the 
cell competent for DNA synthesis, but does not start DNA 
synthesis (109). Third, it phosphorylates and inactivates a 
cell cycle inhibitor named p27 (110). The transcription of 
cyclin A thus far inhibited by p27 is now induced. Cyclin E is 
present at high levels only at the G1/S transition in somatic 
cells and is targeted for ubiquitin-mediated degradation 
in early S phase. As cyclin E levels decrease, the free pool 
of Cdk2 instead associates with the increasingly abundant 
cyclin A. The active cyclin A:Cdk2 then stimulates DNA 
replication by activating the replication complex, complet- 
ing the transition from G1 to S phase (104,109). 

After completion of DNA replication, cyclin A changes 
kinase partner, now associating with Cdk1, which drives 
the G2 and M phases. G2 is a phase of preparation for 
mitosis that is incompletely understood. G2 is not an abso- 
lute requirement for division, as cancer cells may skip this 
stage and directly progress to mitosis. In early G2, cyclin 
B accumulates. As the cell progresses through G2, cyclin A 
is targeted for ubiquitin-mediated degradation, increasing 
the pool of free Cdk1 available for association with cyclin 
B. With rising cyclin B:Cdk1 activity by the end of G2, 
nuclear breakdown occurs, chromosomes condense, and 
the cell enters mitosis (111). 

Mitosis is a highly orchestrated phenomenon. During this 
phase, 46 duplicated chromosomes need to be distributed 
equally between two future daughter cells. Faulty distribu- 
tion results in aneuploidy, which is most often incompat- 
ible with cell survival, at least under physiologic conditions 
(112). The central regulator of proper cell division, ensuring 
correct distribution of genetic material between daughter 
cells, is an ubiquitin ligase complex called the anaphase- 
promoting complex (APC). APC targets mitosis regulatory 
proteins for degradation. The specificity of APC for its targets 
is dependent on Cdc20; if Cdc20 is inhibited, APC cannot 
degrade regulators essential for progression through mitosis, 
and the cell cycle is stalled before anaphase (105). 
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Figure 108.3 Cell cycle proteins regulate cell replication. Cyclin:Cdk complexes orchestrate pro- 
gression through the cell cycle. Mitogen signals triggering proliferation are represented on the top 
left; regulation of cyclin:Cdk complexes is represented on the rest of the figure. See text for details. 


During mitosis, chromosomes condense, the nuclear 
envelope breaks down, a bipolar mitotic spindle forms, 
and each chromosome attaches to the mitotic spindle at 
the chromosome center, or kinetochore. To ensure sym- 
metry, the “mitotic checkpoint” ensures that no cell divi- 
sion starts before each and every chromosome is attached 
to both mitotic spindles (113). The molecular mechanism 
responsible for preventing premature division is only par- 
tially understood. Uncaptured kinetochores bind to pro- 
tein complexes formed by Bub and Mad proteins (114,115). 
These complexes generate, through an unknown mecha- 
nism, an inhibitory signal that represses Cdc20. Thus, only 
when all kinetochores are captured by the spindle, and 
therefore the division is expected to unfold symmetrically, 
does the inhibitory signal stop. Cdc20 can then direct APC 
to target mitotic regulators for degradation (105). APC 
instructs the degradation of securin, which is essential to 
prevent the premature separation of sister chromosomes. 


Securin binds to and inhibits separase, a protease that 
cleaves cohesin, the “glue” that holds the two sister 
chromatids together. When securin is degraded, active 
separase cleaves cohesin, freeing the sister chromatids 
from each other and allowing the chromosomes to be 
freely pulled in opposite directions by each mitotic spindle 
(116). By this elegant mechanism, symmetrical segrega- 
tion of genetic material is ensured. APC:Cdc20 also targets 
cyclin B for degradation, which inactivates Cdk1; this con- 
stitutes a major signal to start anaphase and complete cell 
division. 


Clinical Implications of Cyclins and Cdks 
for HNSCC 


Since cyclins and Cdks drive the cell cycle, they are obvious 
targets for oncogenic mutations. In HNSCC, cyclin D gene 
or protein expression level was identified as a prognostic 
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factor in HSNCC in most but not all studies (117-122) and 
has been proposed to be an early event in tumor progres- 
sion. Interestingly, cyclin D is part of an amplicon present 
in 30% of tumors, which may explain why HNSCC overex- 
presses this cyclin (123-125). Conceptually, the presence 
of the amplicon may be of no consequence if the amplified 
chromosome does not translate to elevated levels of pro- 
tein expression. In some but not all studies, the presence 
of the amplicon correlated with increased cyclin D expres- 
sion, establishing a possible link between the genetic 
abnormality and elevated protein expression (126-128). 
In addition, a particular genetic polymorphism in cyclin D 
that increases the protein half-life predisposes its carrier to 
HNSCC and predicts response to treatment (129); the can- 
cer predisposition results were confirmed by an extensive 
meta-analysis analyzing genetic polymorphisms in DNA 
repair genes associate with risk for cancer (24). 

Cdks are being targeted by pharmacologic inhibitors, 
such as seliciclib. Preclinical studies and Phase | clinical 
trials point to promising effects in nasopharyngeal cancer 
(130). However, the antitumoral efficacy of a nonspecific 
modulator of G1 cyclins/Cdk (small molecule E7070) in 
a Phase II trial was disappointing (131). The drug was 
effective in reducing Rb phosphorylation, but the trial was 
aborted early due to lack of antitumoral effect. 

Spindle checkpoint abnormality induces mis-segrega- 
tion of genetic material during mitosis and induces chro- 
mosomal instability in animal models. In head and neck 
cancer, the level of expression of a mitotic checkpoint 
protein named BubR1, which is involved in pairing kinet- 
ochores with spindles, has been identified as a potential 
biomarker for HNSCC clinical outcome (132,133). Low 
expression, which may mark a defective spindle check- 
point, correlated with worse outcome. This may suggest 
that in the presence of an abnormal checkpoint, the segre- 
gation of chromosomes is not maintained, leading to chro- 
mosomal instability, a hallmark of aggressive cancers. Most 
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importantly, taxanes are microtubule stabilizing drugs that 
interfere with the normal function of the mitotic spindle 
and prevent anaphase. Taxanes are increasingly used in 
HNSCC treatment. 


CELL CYCLE REGULATORS: A CHECK ON 
PROLIFERATION 


Cell Cycle Inhibitors: INKs, KIPs, and Wee1 


Unregulated proliferation has disastrous consequences 
for living organisms, not only for a complex multicellular 
organisms at risk for cancer but also for unicellular organ- 
isms that must match their growth rate to the availability 
of nutrients present in their environment. There is there- 
fore strong evolutionary pressure to regulate the cell cycle. 
In cancer, these mechanisms are almost invariably defi- 
cient or altered. 

Active cyclin:Cdk complexes are the terminal signaling 
event that drives progression through the cell cycle. Cell 
cycle regulators modulate activity of the cyclin:Cdk com- 
plexes using different molecular strategies. Conceptually, 
cell cycle inhibitors can be categorized in three families: 
the inhibitors of cyclin-dependent kinases (INKs), the 
kinase inhibitor proteins (KIPs), and Weel (Fig. 108.4A) 
(134,135). Each family has a different mechanism of 
repression, blocks different phases of the cycle, and inhib- 
its a different range of cyclins or cyclin:Cdk complexes. 
The INK family includes p15 (INK4b), p16 (INK4a), p18 
(INK4c), and p19 (INK4b). These inhibitors are specific 
for the G1 phase and suppress Cdk4 activity (Fig. 108.4A). 
INKs act by physically binding to Cdk to prevent interac- 
tion with cyclin D. When cellular levels of p16 are persis- 
tently elevated, cells permanently withdraw from the cell 
cycle, a process known as cellular senescence. p16 is an 
important tumor suppressor; it is frequently the target of 
repression in cancer via microRNA or gene methylation, 
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and overexpression of p16 in mice confers a protective 
effect against cancer development (136). 

KIPs have a wider scope of action. The KIP family con- 
sists of p21, p27, and p57. In contrast to INKs, these pro- 
teins counteract active cyclin:Cdk complexes after cyclins 
are already loaded on the kinase. KIPs also principally 
inhibit G1 phase Cdks, but are not restricted to this phase 
of the cell cycle, as KIPs also inhibit both cyclin:Cdk2 and 
cyclin:Cdk1 complexes involved at the G2/M transition 
(135). p27 represses cyclin A expression in G1, and inactiva- 
tion of p27 by phosphorylation mediated by cyclinE:Cdk2 
permits cyclin A synthesis. However, the actions of KIPs 
are more complex as in addition to their negative effect on 
cyclin E-, A-, and Cdk complexes. They act as positive regula- 
tors of cyclinD:Cdk4/6 and can also affect apoptosis, tran- 
scription, and cell motility (137). 

The Weel family of proteins prevent cells from entering 
mitosis by inactivating cyclinB:Cdk1. Weel phosphorylates 
Cdk1 on critical threonine residues located in the ATP- 
binding loop necessary for Cdk function, keeping the kinase 
in check (138). Weel action is opposed by Cdc25 phos- 
phatases, which permit entry into mitosis. Cdc25 activates 
Cdks throughout the cell cycle, induding G1 and S phase. 
It is therefore not surprising that Cdc25 is overexpressed in 
many cancers (107). Overexpression of Cdc25 in animal 
model induces tissue proliferation, suggesting a tumor pro- 
moter effect, but mutagens are required to induce cancer. 


P53, A Master Regulator of Cell Proliferation 


The tumor suppressor p53 plays a major role in preventing 
progress through the cell cycle under conditions in which 
mitosis might be deleterious for the cell, such as DNA 
damage or sustained proliferation stimuli. p53 blocks 
proliferations and induces apoptosis. p53, a transcription 
factor that exists mainly as a homotetramer, has a high 
turnover rate, constantly being synthesized and degraded 
(Fig. 108.4B). p53 activity is regulated at two levels: (a) 
by inactivation through degradation and (b) by stabiliza- 
tion through phosphorylation (139). At steady state, the 
murine double-minute protein (MDM2) oncogene, an E3 
ubiquitin ligase, binds to and ubiquitinates p53, target- 
ing it for proteasome-mediated degradation (139). When 
p53 levels are low, the cell cycle can progress. However, 
in the setting of potentially hazardous events for the cell 
such as constant mitogen stimulation or DNA damage, 
degradation of p53 is blocked, and the transcription fac- 
tor accumulates in the cytoplasm. p53 then shuttles to the 
nucleus where it increases transcription of KIPs to block 
the cell cycle, and of proapoptotic factors that trigger cell 
death. This selectively activates transcription of down tar- 
gets depending on the level and type of posttranslational 
modifications such as phosphorylation, acetylation, ned- 
dylation, or sumoylation (139). Specifically, during per- 
sistent proliferation signals caused by sustained exposure 
to mitogens or by oncogenic stimulation, constant Ras or 
myc activation induces the expression of p14ARE which is 
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coded by a single gene locus with alternate reading frames 
responsible for expression of two INKs (p15 and p16) and 
p14ARF (136). p14ARF inhibits MDM2, which prevents 
ubiquitin-mediated degradation of p53, thus stabilizing 
p53. Through this pathway, p53 level rises and the cell is 
protected from sustained mitogenic activation. 

DNA damage is sensed through different mechanisms 
depending on the type of damage encountered, but severe 
DNA damage also leads to p53 stabilization. For instance, 
irradiation generates severe oxidative stress that provokes 
DNA lesions. DNA double-strand breaks (DSBs) are par- 
ticularly toxic as they may lead to genetic rearrangement 
events. DSB leads to activation of the gigantic ataxia tel- 
angectasia mutated (ATM) kinase (350 kD) (140). Upon 
activation, ATM induces a rapid and robust phosphoryla- 
tion of proteins (141). On the one hand, it phosphorylates 
proteins involved in DNA repair pathways as explained in 
detail below. On the other hand, it activates the effector 
kinase Chk2, which in turn phosphorylates p53 (142). 
The addition of the phosphate group prevents association 
between p53 and MDM2. p53 then ceases to be degraded 
and accumulates, leading to cell cycle arrest or apoptosis 
if the damage is severe (141). Other types of DNA dam- 
age, such as when alkylating chemicals covalently mod- 
ify DNA, prevent the replication fork from processing. A 
stalled replication fork is an unstable and dangerous event 
for the cell since it may result in DNA DSBs that are very 
toxic. Stalled replication forks are recognized by and acti- 
vate another kinase named ATM- and Rad3-related (ATR) 
protein kinase. ATR is believed to stabilize p53 via acti- 
vation of Chk1 protein kinase, which like Chk2 prevents 
association of p53 and MDM2, leading to accumulation 
of p53 (141,142). The ATM and ATR pathways leading to 
p53 accumulation and cell cycle arrest constitute the major 
DNA damage checkpoints of the cell cycle: cell prolifera- 
tion is prevented until the DNA is repaired, ensuring con- 
servation of genetic information. Since cancer escapes the 
DNA damage checkpoints, and proliferates despite persis- 
tent mitogenic stimuli, it is not surprising that p53 muta- 
tions have been found in most cancers. 


Clinical Implications of Regulators of the Cell 
Cycle for HNSCC 


The p16 INK is frequently lost early in SCC carcinogenesis, 
whether secondary to promoter methylation of genetic 
rearrangements (143). LOH in 9p is found in dysplastic 
mucosa (144), and in 20% to 75% of HNSCC (143-146). 
Loss of p16 locus is a biomarker of poor prognosis in 
some but not all studies, underscoring the importance of 
p16 in preventing head and neck cancers (124,143,147). 
Furthermore, p16 positivity, which occurs more frequently 
in HPV-related tumors, is a marker of better prognosis 
(21,148-153). p16-positive tumors in nonsmokers have 
a far better prognosis than p16-negative tumors when 
treated with chemoradiation therapy (21). At this junc- 
ture, it is not possible to determine whether p16 positivity 
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simply correlates with outcome or whether p16 is directly 
responsible for a biologic activity that generates a favor- 
able prognosis. 

Cdc25A and B, the phosphatases that activate cyclins/ 
Cdk complexes and promote progression through the cell 
cycle, are upregulated in 96% (Cdc25A) and 57% (Cdc25B) 
of laryngeal tumors (154). The proportion of overexpress- 
ing tumors increases with progression. However, overex- 
pression does not correlate with clinical prognosis and 
upregulation of this phosphatase does not necessarily 
translate to increased phosphatase activity. The meaning of 
this upregulation needs to be determined (107). 

p53 is heavily mutated upon exposure to tobacco 
smoke, and 50% of HNSCC tumors harbor mutations in 
p53 (3,155). Because of a high prevalence p53 mutations 
that negatively impact protein expression level, p53 expres- 
sion is low in HNSCC, which in turn correlates with poor 
prognosis in large studies (155). The multistep HNSCC 
carcinogenesis model proposes that LOH in p53 may rep- 
resent a genetic event that marks the transition from a non- 
invasive to an invasive cancer (6). In fact, p53 mutations 
may occur earlier, in normal-appearing mucosa; loss of 
p53 is now accepted as an early genetic event in HNSCC 
tumorigenesis (156,157). Using an elegant technique 
to detect mutations in p53, it has been shown that p53 
mutations exist in normal-appearing mucosa present near 
tumor margins (44). This is an important finding as exci- 
sion of these mutated cancer progenitors is essential to pre- 
vent locoregional recurrence. p53 is thus a prime candidate 
for cancer screening methods in HNSCC. 

The elevated rate of p53 mutations observed in HNSCC 
opens therapeutic opportunities for preferential pharma- 
cologic targeting of cells lacking this tumor suppressor. 
Despite the strong rationale, clinical success has been lim- 
ited. Exposure of tumors (by intra-tumoral injection or 
mouthwashes) to Onyx virus, which supposedly replicates 
in and preferentially kills cells lacking p53, showed efficacy 
(158,159). For instance, virus mouthwashes transiently 
reduce precancerous lesions (160). However, the specificity 
of the virus for p53 mutated cancers has been questioned, 
stopping progression to Phase III trials, except in China. 

p53 downregulation is intimately linked with HPV 
infection. While the mechanism by which HPV 16 causes 
tumors is not completely elucidated, HPV produces early 
genes EG and E7. EG6 protein associates with a cellular 
ubiquitin ligase that targets p53 for proteosomal degrada- 
tion, but it also interferes with p53 acetylation required 
for some of its function (161). In addition, E7 not only 
competes with Rb for binding to E2F transcription regula- 
tory sequence but also neutralizes p21 and p27. As a result, 
Rb is displaced and E2F is derepressed, triggering synthesis 
of proliferation genes such as c-myc and cyclin D and E 
(161). In the presence of both E7 and EG, the cell receives a 
constant proliferative stimulus, but has lost the protection 
conferred by p53. Proliferation continues contributing to 
carcinogenesis. Interestingly, cancer exome sequencing 


confirmed that nonsmokers with HPV-positive tumors 
have fewer p53 mutations, underscoring the interrelation 
between HPV and p53 in HNSCC (3). 


DNA REPAIR PATHWAYS MAINTAIN 
GENOME INTEGRITY 


p53 stabilization is a major event inducing cell cycle arrest 
in response to DNA damage. The delay in cell cycle pro- 
gression provides time for DNA repair to occur. Failure 
to repair damaged DNA leads to mutations, a change in 
genetic sequence, which propagate in progeny of each 
additional cell division. Appearance of mutations occurs 
because the damaged DNA cannot be replicated properly 
during DNA synthesis. The replication machinery may, for 
instance, incorporate a mismatched base opposite to the 
damage. The replication fork may also be stalled when the 
damage is encountered, leading to its collapse and creation 
of secondary chromosome breaks and rearrangements 
(162). The resulting mutations are not detected as being 
abnormal by the cell and will be replicated and propagated 
as normal genome with each cell division. 

DNA repair pathways are multiple and complex, and 
common components are often shared between pathways, 
adding a level of complexity. A comprehensive description 
of all the pathways involved in DNA repair is beyond the 
scope of this chapter; selected repair pathways are discussed. 
An essential concept in DNA repair is that the type of DNA 
repair is specific to the type of DNA damage encountered. 
For example, a DSB is repaired by a different pathway than 
a single-strand break (SSB) or a bulky DNA adduct that dis- 
torts the double helix. Often the repair pathway is able to 
correct the damage and restore the original DNA sequence, 
but not always (163). Certain types of damage are repaired 
without preservation of the genome fidelity, via “error- 
prone” repair mechanisms. Why cells adopt error-prone 
repair is not completely understood, but it is believed that 
the introduction of a mutation may be preferable for the 
cell or the organism, rather than maintaining a hazardous 
DNA lesion that is incompatible with cell survival. 


Nucleotide Excision Repair and Interstrand 
Cross-Link Repair 


Bulky chemical DNA adducts such as those caused by cis- 
platin result in intrastrand cross-links and distortion of the 
double helix (164,165). Such lesions are recognized and 
repaired via nucleotide excision repair (NER) (Fig. 108.5). 
This efficient mechanism is faithful; genome sequence 
is conserved at the end of the repair. In NER, the distor- 
tion of the DNA double helix is detected by XPC-hHR23B 
complex, in some cases with the assistance of XPE-DDB. 
Xeroderma pigmentosum (XP) proteins (e.g., XPE, XPE 
XPG, XPD) were found to be congenitally mutated in 
patients diagnosed with XP, a syndrome characterized by 
a high propensity for skin cancer and exquisite sensitivity 


Chapter 108: Head and Neck Tumor Biology 1657 
XPE 
XPC A : PARP 
: Glycosylase i 
DDB1 (Ca : ~*~ 
hHR238 ts & i (eg.066) CD. —-_« 
Lesion recognition Lesion recognition SSB recognition 
XPA ; y, 
‘base 
TFIIH qe eae fe 
RPA S 
0 FL Base excision | 
DNA bubble | ; 
XRCC1 )) OQ : xrccr 
| __#7™ {| ug 
nS. oll a 
KPG u S i 5 machine! i 
, ry recruitment 
XPF:ERCCI SK Sai m | Single strand break 
DNA excision Polp PNKP | (end processing) 
Pol fs | (gap filling) 
Lig la Lig Ill 
XRCC1 
DNA synthesis BER (Short patch) SSB-R 
A Ya a 
j aezy 
—— aS 
@ NHEJ ; — ATM & MRN recognizes damage 
Ku70 
=a Kuso 4s > BRCAI 
Kuso ©) acne 
5 @Dhu7o0 Y' a 
DNA ends protection ° - 
MRN = processing to 
a | oa _ J | ssDNA overhang 
DNA-PK —> RPAq Rad52 () BRCA2 
Sa ( BRCA1 
2 BER RRR 
Processing (by DNA-PK and Artemis) i overhang protection 
: RadS 
INA-PK : 
Radsott ' i) | 
Merit] — H ancar(n 
Nbs1 H 
J ‘ @ BREA ag, - eee I 
——- 2. * RadS1 
Lig IV 
XRCC4 — 
£ Rad51 
a ns + 
Se 
Rejoining 


Strand invasion, DNA synthesis 
P| 


Pai 


i /. * 
Vaez 


Figure 108.5 DNA repair pathways. Model of selected DNA repair pathways. From top right to 
bottom left, nucleotide excision repair (NER), base excision repair (BER), single strand break repair 
(SSB-R), and double-strand break repair (DSB-R) with non-homologous end joining (NHEJ) and 


homologous recombination (HR) are represented. 


to DNA-damaging agents. The XPE:DDB protein com- 
plex signals the damage by binding to the damaged DNA. 
The complex recruits TFIIH, which unwinds the DNA 
around the adduct, creating a single-stranded DNA bubble 


centered on the damage. XPA and RPA, which bind ssDNA, 
stabilize the open complex and recruit the ERCC1:XPF 
endonuclease. XPF:ERCC1 is a bipartite endonuclease that 
cuts the damaged strand 5’ to the adduct. TFIIH recruits 
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a second endonuclease, XPG, which cuts 3’ of the lesion. 
The damaged base is removed as part of a single-stranded 
oligonucleotide. The replication machinery uses the 3’-OH 
created by ERCC1-XPF incision to prime DNA synthesis to 
fill the gap. After ligation, the integrity of the DNA is fully 
restored (166,167). 

In addition to intrastrand cross-link and bulky DNA 
adducts, cisplatin also creates interstrand cross-link (ICLs), 
in which both strands are covalently linked by the chemi- 
cal. The consequence of this lesion is catastrophic for the 
cell, as it prevents transcription and constitutes an abso- 
lute block for DNA replication machinery at the replica- 
tion fork. The stalled replication fork collapses and creates 
DSB. The fork cannot progress until the DNA is repaired. 
ERCC1-XPF cuts near the ICL to release it from one strand, 
allowing bypass of the adduct by a trans-lesion polymerase 
such as REV1/Pol¢ (164,165). This type of repair is error- 
prone. An error-free repair has also been documented, 
which involves the formation of a DSB followed by homol- 
ogous recombination (HR) (see below). The importance of 
intact NER and ICL repair to prevent cancer is illustrated by 
the genetic disorder XP, and alteration in these pathways 
could be an important carcinogenic event. 


Base Excision Repair 


Physiologic metabolism generates oxidative reactive spe- 
cies, which cause an estimated 1,000 to 1,000,000 DNA 
lesions per day. Oxidative stress, like alkylating agents or 
ionizing radiation, generates small genotoxic oxidative 
base lesions, which do not distort the DNA double helix, 
and are principally repaired through the base excision 
repair (BER) pathway. In BER, damaged bases are recog- 
nized and excised by glycosylases, such as OGG1, which 
removes the abundant oxidative lesion 8-oxodeoxyguano- 
sine. Excision of the damaged base leaves an abasic (AP) 
site, while leaving the DNA backbone intact. The backbone 
adjacent to the AP site is then incised by APE1 endonucle- 
ase to create an SSB. XRCC1, a platform protein with no 
enzymatic activity that is critical for the scaffolding of pro- 
teins involved in BER is recruited to the site of damage. 
The recruitment is mediated either by the glycosylase/AP1 
complex or by PARP1, which recognizes and binds SSBs. 
DNA polymerase 8 (Polf) then fills the gap. XRCC1 sub- 
sequently forms a complex with ligase 3 (LIG3). The ligase 
seals the SSB created during the repair process to complete 
BER in an error-free fashion (165,168). 


Single-Strand Break Repair 


Energy release by free radicals generated by ionizing radia- 
tion disrupts phosphodiester bonds in the DNA backbone 
and can cause either SSB or DSB, the latter being very toxic. 
SSB is repaired by the single-strand break repair (SSB-R) 
pathway which shares many components with BER; this 
is not surprising since the BER mechanism creates an SSB 


intermediate product. In SSB-R, the severed DNA strand is 
detected by PARP that binds to the lesion to protect the 
ends against processing. It then recruits the scaffolding 
protein XRCC1. The XRCC1:PARP complex recruits PNKP, 
a bifunctional polynucleotide kinase/phosphatase, which 
processes the ends of the broken DNA. Once the gap has 
been tailored, it is filled by PolfB, using the intact comple- 
mentary DNA strand as template. The newly completed 
DNA strand is then ligated to complete SSB-R. DNA integ- 
rity is restored with maintenance of the genetic sequence 
via an error-free repair mechanism (162,169,170). 


Double-Strand Break Repair 


Ionizing radiation or stalled replication forks are very haz- 
ardous for a cell. Both create double-strand DNA breaks 
that can lead to genome rearrangement if left unrepaired. 
Here we discuss two mechanisms directed to the repair of 
double-stand breaks: nonhomologous end-joining (NHEJ) 
and HR repair. These pathways are different in multiple 
aspects. NHEJ occurs at all stages of the cell cycle, but dur- 
ing the repair, the broken ends have been processed before 
being rejoined, which leads to loss of DNA. On the other 
hand, HR is faithful as the processed broken DNA ends are 
copied from intact DNA from a sister chromatid, but the 
repair is restricted to S phase and G2. 

In NHE), the site where both strands of the double helix 
are severed is recognized by two proteins of the Ku family 
(Ku70 and 80). Ku70/80 dimers rapidly bind to the free end 
of the broken DNA to prevent processing of the ends. These 
protein foci located at DSB recruit the large protein DNA- 
dependent serine/threonine protein kinase (DNA-PK). 
The kinase autophosphorylates itself and also phosphory- 
lates the Ku proteins. As a consequence, the Ku proteins 
translocate slightly away from the broken DNA end, giving 
space for DNA-PK and a protein named Artemis to pro- 
cess the free ends of the broken DNA double helix; Artemis 
resolves DNA hairpins formed due to sequence homology 
in the broken DNA. After this first step of end processing, 
a complex of three proteins (Mrell, Rad50, and Nbs1) 
named MRN is recruited at the DSB foci. MRN catalyzes 
further the ends processing and produce single-stranded 
ends. XRCC4 is then recruited to the site of damage, and in 
tight association with ligase IV, it reseals the broken ends 
together. During end processing, DNA is lost: This repair is 
error-prone (162,171). However, the pathway as described 
here is simplified and does not account for all the observa- 
tions. For instance, cells are able to undergo NHE) in the 
absence of Ku/DNA-PK, demonstrating the presence of an 
alternative pathway, which may be error-free and involve 
the protein breast cancer 1 (BRCA1) (172). 

An alternate way to repair DSB involves HR with intact 
DNA borrowed from sister chromatids or homologous chro- 
mosomes. This type of repair happens preferentially when 
the DNA has been duplicated in S or G2 phase. Initially, the 
DSB is detected by ATM and the MRN complex. ATM rapidly 


phosphorylates the Chk2 kinases involved in stabilizing p53 
to activate the DNA damage checkpoint as described above. 
ATM also phosphorylates histone H2A at the site of damage, 
on a serine (Ser139); the phosphorylated histone is called 
yH2AX. Within 1 hour of damage, BRCA1, which was iden- 
tified as being mutated in familial breast cancers, is recruited 
to sites of DSB containing yH2AX. The MRN complex also 
localizes early at the site of DSB, where it processes the bro- 
ken DNA ends to form single-stranded overhangs on each 
side of the lesion. The single-stranded DNA ends are rapidly 
covered by replication protein A (RPA), which forms a fila- 
ment and prevents the formation of secondary DNA struc- 
tures. RPA also activates ATR, leading to p53-mediated DNA 
damage checkpoint. At this stage, BRCA1 recruits two other 
proteins, BRCA2 and Rad52, which load the recombinase 
Rad51 onto the single-stranded overhang. RPA is dislodged 
by Rad51 polymer, which forms a filament composed of pro- 
tein and DNA named the presynaptic filament. Rad51 then 
searches for homologous sequences via strand invasion of 
the sister chromatid or the homologous chromosome. The 
DNA is copied from the undamaged DNA and results, after 
resolution of complex DNA intermediate structures, in HR 
and in faithful repair of DNA (162,171-173). 


Clinical Implications of DNA Repair Pathways 
for HNSCC 


HNSCC are generally treated with DNA-damaging agents 
such as ionizing radiation and platinum-based chemother- 
apy, either in a primary or adjuvant setting. Tumors with 
an altered capacity to repair DNA respond differently to 
these treatments. During treatment with DNA-damaging 
agents, genotoxic lesions accumulate both in normal tissue 
and in cancer cell DNA. In this context, cancer cells with 
a low level of DNA repair machinery accumulate damage 
and mutations more rapidly, and are thus more sensitive 
to DNA-damaging agents. Hence, therapeutic compounds 
that inhibit DNA repair pathways are relatively cytotoxic 
for tumors and may sensitize cancers to DNA-damaging 
agents. For instance, a novel class of antitumor drugs, PARP 
inhibitors, showed promising results in preclinical stud- 
ies and are currently being tested in Phase I and Phase II 
clinical trial in breast and other cancers (174). Other com- 
pounds showing promising results in the preclinical set- 
ting include the Chk1/2 inhibitors (175), DNA-PK (175), 
ATM kinase (175), RPA (176), and MGMT (177) inhibi- 
tors, although results of MGMT inhibition in clinical trials 
were disappointing (177,178). It is with great hope that 
we follow the evolution of these new therapies as they are 
tested in clinical settings in HNSCC. 

Abnormalities in DNA repair pathways of a given 
tumor may predict sensitivity to DNA-damaging agents 
and inform the head and neck oncologist on the most 
appropriate treatment to administer for a given tumor. In 
the growing field of personalized oncology, there is great 
interest in estimating the DNA repair capacity of HNSCC 
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prospectively. The tumor expression level of ERCC1 and XPF 
generally correlates with survival in HNSCC treated with 
DNA-damaging agents, although the results are not uni- 
form (165,179-183). Platinum-based compounds such as 
cisplatin and carboplatin are the most commonly used che- 
motherapeutic agents for HNSCC. These genotoxic drugs 
form bulky chemical adducts and cause intrastrand and 
interstrand cross-links, which are repaired via NER and ICL 
repair. The bipartite endonuclease ERCC1:XPF is the only 
DNA repair protein involved in the repair of all DNA dam- 
age generated by cisplatin, and cells deficient in ERCC1:XPF 
are exquisitely sensitive to DNA-damaging agents such 
as cisplatin. This explains why a low level of ERCC1:XPF 
correlates with enhanced sensitivity to cisplatin and ion- 
izing radiation, and predicts clinical outcome in HNSCC. 
Surprisingly, when the level of expression of more than 
30 genes involved in DNA repair was evaluated in HNSCC, 
Ku80, which is involved in NHEJ, was the only gene stud- 
ied associated with prognosis (184). Another DNA repair 
protein identified as potential biomarker is XRCC1 (BER 
pathway), for which the expression level associates with 
clinical outcome in HNSCC (185). With further validation 
through independent prospective clinical trials, these bio- 
markers will instruct the personalized treatment of HNSCC 
to maximize survival and minimize unnecessary toxicity. 

It has also been proposed that polymorphisms in DNA 
repair genes may correlate with altered capacity for repair- 
ing DNA, and therefore may indicate risk for HNSCC. 
Single nucleotide polymorphisms (SNPs) are defined as 
single-base changes that occur in more than 1% of the 
population. Depending on the location of the SNP, it may 
alter protein expression level or activity. A meta-analysis 
of HNSCC cancer risk in relation to SNPs in DNA repair 
genes revealed that XRCC1 codon 194 is associated with 
cancer risk (24). Mutation in DNA repair genes, such as 
the numerous genes in involved in Fanconi anemia, causes 
a high risk of HNSCC. It is therefore possible that genetic 
variants in the same or other DNA repair genes may have 
a more subtle clinical phenotype to increase HNSCC risk, 
response to treatment, or treatment toxicity. 


APOPTOSIS COUNTERBALANCES 
PROLIFERATION 


Proliferating tissues such as skin and the mucosa of the 
gastrointestinal, respiratory, and aerodigestive tracts are in 
constant turnover. Some cells proliferate, while others die, 
often through programmed cell death, but under physi- 
ologic conditions, the overall number of cells within the 
tissue remains constant. In cancer, this balance is lost and 
net gain of cells occurs; this results from both unregulated 
proliferation and impaired programmed cell death. The 
molecular pathways leading to programmed cell death, or 
apoptosis, can be divided in two categories: the extrinsic 
pathway, which is triggered by the activation of death recep- 
tors at the cell surface, and the intrinsic pathway, which is 
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activated by radiation, cytotoxic drugs, cellular stress, or 
growth factor withdrawal (186). Both pathways are medi- 
ated through activation of a cascade of intracellular prote- 
ases called caspases that cleave multiple intracellular targets 
(187). The hallmarks of apoptosis are DNA fragmentation 
as a result of DNA cleavage between nucleosomes and 
nuclear disintegration into small vesicles, which leads to 
the characteristic appearance of apoptotic cells. Caspases 
are zymogens that are activated by cleavage and can be 
grouped in two categories: initiator or apical caspases, which 
transduce the apoptotic signal, and effector caspases, which 
break down the cell and execute apoptosis (187). 

In the extrinsic apoptotic pathway (Fig. 108.6), cas- 
pases are activated by a protein platform called death- 
inducing signaling complex (DISC), which forms at the 
plasma membrane. Death receptors of the TNF recep- 
tor superfamily, which include the FAS receptors and 
the CR4 and CR5 receptors, are used by neutral killer 
cell to kill cancer cells. FAS ligand binding to FAS recep- 
tor or Apo2L/TRAIL binding to CR4/CR5 initiates clus- 
tering of the receptors and DISC formation (186). The 
transmembrane receptors homo-trimerize and recruit 
an adaptor protein (FADD) to form an active DISC. The 
protein platform then recruits and activates procaspase 
8 or procaspase 10 (187). The active caspase is released from 
the DISC and remains in the cytosol where it cleaves and 
activates effector caspases, in particular caspase 6, 7, and 3, 
which execute cell autodestruction. The extrinsic pathway is 
also connected to the intrinsic pathway as described below. 
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The mitochondria play a central role in mediat- 
ing apoptosis via the intrinsic pathway. In the intrinsic 
pathway, proapototic proteins located in the mitochon- 
drial membrane trigger the release of cytochrome C 
from the mitochondrion. The cytochrome C is located 
in the space between the mitochondrial inner and outer 
membranes and is sequestered from the cytoplasm in 
the absence of a death signal. Cytoplasmic release of 
cytochrome C, instrumental in activating caspases and 
apoptosis in the intrinsic pathway (188,189), is regu- 
lated by proteins of the BCL-2 family. The BCL-2 fam- 
ily contains 21 proteins, which can be divided into 
3 classes: multidomain anti-apoptotic (including BCL-2, 
BCL-XL, MCL-1), multidomain proapototic (including 
BAX and BAK), and single-domain proapoptotic activa- 
tors (including BID, BIN) or sensitizers (including BAD, 
NOXA, PUMA); the single domain of the activators/ 
sensitizers resembles a portion of BLC-2 and is termed 
Bcl-2 homology 3 (BH3) domain that is important in 
drug development (190). Under physiologic conditions, 
in the absence of death signals, the multidomain anti- 
apoptotic BCL-2 and proapoptotic protein BAX are consti- 
tutively inserted in the outer leaflet of the mitochondrial 
outer membrane (MOM), where they neutralize each 
other. Upon activation by death signals, apoptotic acti- 
vators such as BIN disrupt this interaction, via their BH3 
domains. The freed pool of BAX then oligomerizes into 
channels that permeabilize the MOM, leading to leak- 
age of cytochrome C. BAK, on the other hand, is mainly 
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cytoplasmic; activation by apoptotic signals induces a con- 
formational change in the protein that leads to its inser- 
tion into the MOM. Upon binding and activation by the 
cytosolic proapoptotic activator or sensitizer, BAK forms 
pores and releases cytochrome C from the mitochondrion, 
like BAX (190). Once in the cytoplasm, cytochrome C per- 
mits the formation of a large multiprotein platform called 
the apoptosome. This propeller-like structure is composed 
of APAF1, procaspase 9 dimers, and cytochrome C (190). 
It acts as an effector caspase activator platform, where pro- 
caspase 9 is activated and cleaves the effector caspases 6G, 7, 
and 3 (187). 

The extrinsic pathway and the intrinsic pathway inter- 
act. In the cytoplasm, the initiator caspase of the extrinsic 
pathway, caspase 8, cleaves the self-inhibitory portion of 
the single-domain proapoptotic activator BID (187). BID 
then translocates to the mitochondrial membrane where 
it binds BAX and BAK, triggering the intrinsic pathway and 
the release of cytochrome C. Of interest, mitogenic path- 
ways also have cross talk with the intrinsic pathway. Growth 
factors enjoy both positive effects on cell proliferation and 
pro-survival effects by inhibiting apoptosis. Growth factor 
receptors, such as EGFR, activate PI3 kinase. The formation 
of PI3P (3,4,5) in inner leaflet of the plasma membrane 
creates docking and activation sites for PH domain pro- 
teins, in particular Akt (63). Activated Akt phosphorylates 
BAD, a single-domain proapoptotic protein (191,192). 
Phosphorylated BAD is unable to activate BAX or BAK, 
rendering the cell increasingly resistant to apoptosis. EGFR 
signaling also counteracts apoptotic signals via the MAP 
kinase ERK, which activates RSK kinase, which, similar to 
Akt, inhibits BAD (193). Finally, p53 activates apoptotic 
pathways in response to DNA damage. Phosphorylated 
p53 increases transcription of PUMA (194) and NOXA 
(195), two apoptotic sensitizers. PUMA is the more potent 
apoptosis activator, inhibiting all multidomain anti-apop- 
totic proteins including Bcl-2, Bcl-X, (194), and MCL-1, 
while NOXA inhibits only Bcl-X, and MCL-1. 

Defective apoptotic pathways, for instance when Bcl-2 
is overexpressed, are beneficial for a cancer cell, because 
they are resistant to death signals from TNF or FAS ligand 
induced by contact with a cell responsible for immune sur- 
veillance. In addition, it will also be more protected against 
apoptotic signals triggered by oncogenic activation of Ras 
or Myc. In this case, the cancer cell may progress through 
the cell cycle despite DNA damage, leading to accumulation 
of further mutations. This also renders apoptosis-deficient 
cells resistant to chemotherapy by DNA-damaging agents. 
Escape from apoptosis clearly favors carcinogenesis. 


Clinical Implications of Apoptosis for 
Prognosis and Treatment of HNSCC 


Cancer results from a disequilibrium between cell prolifera- 
tion and cell death, and HNSCC is not an exception. The 
apoptotic pathways are frequently impaired in HNSCC, 
with repercussions on tumor behavior and resistance to 
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treatment. For instance, the anti-apoptotic proteins Bcl-2 
and Bcl-x, of the intrinsic pathway are often overexpressed 
in HNSCC (196). Overexpression of Bcl-2 or Bcl-X, con- 
ferred resistance to apoptosis and associated with a worse 
clinical prognosis in some but not all retrospective analy- 
sis (149,196,197). Curiously, Bcl-2 overexpression had 
opposite effects in two studies, where it associated with 
better clinical response to hyperfractionated radiotherapy 
and laryngeal preservation strategies (196,198). Probably 
higher level of clinical evidence via prospective analysis or 
meta-analysis is needed to clarify the role of Bcl-2 family of 
protein as biomarkers in HNSCC. In addition, the apical 
caspase of the extrinsic pathway, caspase 8, is mutated in 8% 
of HNSCC, as identified by HNSCC exome sequencing (3). 
The majority of the mutations identified are nonsense muta- 
tions, coding for a premature stop codon. Interestingly, cas- 
pase 8 appears to be the only apoptotic gene mutated in the 
80 tumors sequenced; the reason for this peculiarity remains 
to be understood. Taken together, these results underscore 
how frequently the intrinsic and the extrinsic apoptosis 
pathway are altered in HNSCC, suggesting an important 
role of apoptosis suppression in HNSCC carcinogenesis. 

The frequent resistance to apoptosis in HNSCC, con- 
ferred in part by Bcl-2 overexpression, renders HNSCC 
an attractive target for new generation Bcl-2 inhibitors 
(199,200). While four Bcl-2 family targeting agents are cur- 
rently being studied in a preclinical setting, four are already 
being used in Phase I, IL, or III clinical trials, although for 
cancers other than HNSCC (200). An important com- 
pound being tested in Phase III trial is oblimersen sodium, 
an antisense oligonucleotide that interferes with Bcl-2 
mRNA. Oblimersen shows survival benefit in melanoma 
(201) and to a certain degree in chronic lymphocytic leuke- 
mia (CLL) (202); however, the positive effect may be only 
partially related to Bcl-2 inhibition, as oblimersen appears 
to stimulate local immunity independently of its effect on 
Bcl-2 (200). Another class of agents that deserves attention 
is BH3 mimetic compounds. BH3 mimetics bind to and 
sequester Bcl-2, thereby facilitating oligomerization of Bax 
and Bak and related cell death induction. Gossypol (AT- 
101), a toxin isolated from cotton seed half a century ago, is 
under clinical investigation, but is toxic for the GI tract lim- 
iting its use (200). A novel BH3 mimetic ABT-737 recently 
showed promising effects in a clinical trial as a radiosen- 
sitizer or chemosensitizer in hematogenous malignancies 
and solid non-HNSCC tumors (200); ABT-737 oral coun- 
terpart ABT-263 is under current investigation (203,204). 
Therefore, the overexpression of Bcl-2 family proteins or 
mutations in caspase 8 observed in HNSCC may serve to 
identify tumors that are most likely to benefit from Bcl-2 
targeting therapies. 

Triggering the extrinsic apoptotic pathway is another 
angle to attack cancer. Two approaches are employed. On 
the one hand, soluble human recombinant death receptor 
ligands are administered systemically. Interaction between 
ligand and CR4 and CR5 receptors triggers receptor cluster- 
ing and leads to activation of the extrinsic pathway. Phase 
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II clinical trials are under way in non-small cell lung cancer 
using soluble recombinant human Apo2L/TRAIL (186). 
An alternative approach consists of monoclonal antibod- 
ies directed against death receptors. Antibodies such as 
mapatumumab, lexatumumab, and apomab induce DISC 
formation and cell death (186). Phase II trials are under 
way for cancers other than HNSCC. 


CANCER STEM CELLS CONTRIBUTE TO 
TUMOR HETEROGENEITY 


The dysfunction of the signaling pathways described above 
explains how a single cell may grow in an unregulated man- 
ner, resulting in clonal expansion of the diseased cell. The 
expected product of the clonal expansion of a single cell is 
a homogenous mass of cells. However, tumors are extraor- 
dinarily heterogeneous, and multiple theories attempt to 
reconcile this paradox. The stochastic genetic mutation 
theory proposes that mutations occur randomly in the ini- 
tial clone, leading to the generation of subclone popula- 
tions. However, another concept, now widely accepted in 
hematopoietic malignancies, may also be true for solid 
tumors. The hierarchical CSC theory proposes that only a 
small pool of self-renewing cancer cells have the exclusive 
ability to maintain the tumor. It is still unclear whether 
CSCs originate from mutated tissue stem cells or whether 
CSC come from more differentiated cells which acquire 
stem cell properties via a dedifferentiation process. In any 
case, by definition, the CSC must (a) have an unlimited 
self-renewal capacity to maintain the pool of CSC and (b) 
divide asymmetrically to provide a differentiated progeny 
that accounts for heterogeneity and the bulk of the tumor 
(205,206). For instance, in hematopoietic malignancies, a 
progenitor may acquire transforming mutations respon- 
sible for clonal expansion of itself while maintaining the 
ability to produce partially or completely differentiated cell 
progeny. On a blood smear, the abundant differentiated 
progeny will account for the vast majority of cancer cells 
seen; however, only a few cells, the cancer progenitors, sus- 
tain continuous proliferation and are responsible for main- 
taining the tumor (205). All the other tumor cells, despite 
their abundance, are incapable of recreating a hematopoi- 
etic malignancy when transplanted into immunodeficient 
animals, the gold standard test of isolation of CSC (207). 
Thus, novel CSC therapies are aimed at eradicating the CSC 
responsible of tumor maintenance and recurrences, irre- 
spective of whether the tumor bulk is affected initially. The 
goal is to kill the cancer at its roots (Fig. 108.7). 

In 2003, Clarke et al. applied the concept of CSC to solid 
tumors and isolated the first solid tumor CSCs in breast 
cancer (208). CSCs have now been isolated from brain, 
colon, prostate, pancreas, melanoma, and HNSCC tumors 
(206). Interestingly, there is, to date, not a single marker 
common for all CSCs. Often, however, solid tumor CSCs 
express a molecular signature of gene products involved 
in epithelial-mesenchymal transition (EMT) (209,210). 


EMT denotes a change in cell phenotype seen during gas- 
trulation in which epithelial cells acquire a mesenchymal 
phenotype. Cell-cell adhesions are lost, the cytoskeleton 
is remodeled with adoption of a spindle cell morphology, 
and cells acquire an invasive phenotype. Specifically, the 
cell-cell adhesion molecule E-cadherin is downregulated, 
while mesenchymal markers such as a-smooth muscle 
actin and MMPs are upregulated; TGF-B via SMAD3 and 
2 and tyrosine kinase receptors induce EMT (211). 

The concept of EMT may be reversible in CSC, leading 
to the theory of migratory CSC. 

This model proposes that CSC could be divided into 
stationary (sCSC) and migratory CSC (mCSC) (212). The 
sCSCs would be entrenched to the core of the tumor, while 
mCSC are located at the periphery and represent CSCs that 
underwent EMT. mCSCs are responsible of locoregional 
and distant metastasis. Since EMT appears reversible in 
cancer, it has been proposed that the mCSC cells undergo 
EMT reversal, or mesenchymal-epithelial transition, at the 
site of metastasis (212). The exciting field of CSC is in rapid 
evolution, and the future will tell what proportion of this 
theory will prove correct. 

Like tissue stem cells, CSCs live in stem cell niches 
poor in oxygen content, where they are protected from 
oxidative stress. While this has advantages for genome 
protection, radiation therapy, which is more effective in 
well-oxygenated tissues, is less effective against CSC. This 
may account for radioresistance and locoregional failure. 
Not only are CSCs relatively protected from free radicals by 
their location in the tissue, but they also overexpress free 
radical scavengers such as the glutathione reductase system 
(213). In addition to being resistant to oxidative stress, CSCs 
are also resistant to chemotherapy agents. They express 
drug evacuation channels such as multidrug resistance gene 
1 (MDR1), which is an ATP-binding cassette transporter 
which lowers the intracellular concentration of chemicals 
and chemotherapeutic agents including taxol (214). 

However, there are also differences between tissue stem 
cells and CSCs. Tissue stem cells are rare, but CSCs may be 
abundant. While the CSC population in leukemia repre- 
sents a rare portion (<1%) of cancer cells (205), in HNSCC, 
they may represent between less than 1% and 45% of the 
tumors (215). It is therefore conceptually important to 
understand that in some tumors up to half of the cells 
have tumor-maintaining capacity. Another level of com- 
plexity is the tumoral environment. The gold standard test 
used to define CSC populations, the xenograft model, has 
limitations: Tumor stroma and associated cells including 
supporting cells, endothelial cells, and immune cells are 
missing. It is therefore possible that cells that act as stem 
cells in the native tumoral environment may lose tumor- 
forming ability when deprived of their native environment 
(205). Thus, the concept of CSC continues to evolve, but it 
opens new perspective for treatment. 

The models of CSC, stochastic mutations, and field 
cancerization in HNSCC may coexist (Fig. 108.7A). 
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Figure 108.7 Cancer stem cells. A: Model integrating the concept of CSC and field cancerization, 
with emphasis on consequences for surgical margins. (Inspired from Leemans CR, Braakhuis BJ, 
Brakenhoff RH. The molecular biology of head and neck cancer. Nat Rev Cancer 2011;11:9-22.) 


B: Model of CSC-targeted therapies. 


Transforming mutations due to alcohol and tobacco con- 
sumption in aerodigestive tract progenitors may lead to 
clonal expansion of CSC progenitors. It has also been pro- 
posed that transforming mutations occur in a more differ- 
entiated cell that undergoes dedifferentiation as a result of 
the mutation, thereby acquiring stem cell features (212). 
Both alternatives are possible and could lead to expansion 
of CSC precursors, which could lead to progressive replace- 
ment of large portions of the normal mucosa by the can- 
cer progenitor and its differentiated progeny: the fields of 
cancerization. With further mutations acquired by a sto- 
chastic mutation model, CSCs arise in a cancer progenitor 
cell. The tumor may be the consequence of both (a) dif- 
ferentiation of the CSC and (b) novel mutations acquired 
stochastically within the clone. CSCs become mCSCs at 
the tumor periphery, detaching from the primary tumor 
to form metastatic seeds. Metastatic cells may be detected 
in the lymph and the circulation, but will not necessarily 
cause metastasis. When mCSCs home to a favorable dis- 
tant site, they may grow into a metastasis (212). Resection 
of the primary tumor may leave either CSC or CSC pro- 
genitors at microscopically negative and possibly normal- 
appearing margins (10). Failure to resect these progenitors 
may increase the chance of recurrence. 


Clinical Implications of Cancer Stem Cells 
in HNSCC 


Little is known about HNSCC stem cells, but knowledge 
is increasing rapidly. In 2007, Prince et al. (215) reported 


CSC isolation in HNSCC for the first time. The popu- 
lation was initially isolated by FACS sorting with two 
markers; CSCs were enriched in the CD44*CD24- cell 
population. The CSCs were found to express an onco- 
gene BMI-1 (215), a polycomb family protein involved 
in chromatin remodeling and gene regulation, including 
p16. However, CD44 was found to be widely expressed 
in HNSCC; other markers have now been identified. For 
instance, aldehyde dehydrogenase 1 (Aldh1) expression 
can be used to narrow the CSC population (216). In laryn- 
geal cancer, CD133 was identified as a sorting marker for 
CSCs (217,218). In addition, a less specific marker of 
CSC is exclusion of nuclear dye by cells with stem cell 
proprieties; the efflux of dye is mediated via a membrane 
channel of the same family as multidrug resistance gene 
1 (MDR1), which also evacuates chemotherapy drugs 
(219). This test can be used to detect a cell population 
enriched in stem cells, which, as predicted, is resistant to 
chemotherapy. 

CSCs are functionally different, and more radioresis- 
tant, than non-CSCs. CSCs are relatively resistant to che- 
motherapy and ionizing radiation. This explains why, 
while ionizing radiation is effective at reducing the global 
volume of head and neck tumors in xenograft models, it 
resulted in a relative enrichment in CSCs (213); radiation 
therapy and chemotherapy may select for and enrich CSCs 
that are resistant to treatment. As a corollary, the HNSCC 
CSC marker high CD44+ predicts response to treatment 
and is associated with increased local recurrence after 
radiotherapy in laryngeal cancer (220). 
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Novel treatment strategies target CSCs specifically. The 
primary goal of treatment is to attack the cancer at its regen- 
erating roots, rather than simply reducing the tumor bulk 
(Fig. 108.7B). However, these strategies have not yet been 
translated to HNSCC clinical trials. Specific attempts to tar- 
get CSCs in HNSCC include immunotherapeutic strategies 
targeted to CSC markers, either using anti-CD133 antibodies 
(221) or tumor vaccines targeting Aldh1+ cells. To date, how- 
ever, no antibody specific for HNSCC CSC has been found. 
Another therapeutic approach is the downregulation of BMI- 
1, the transcription factor essential in maintenance of the 
self-renewal proprieties of CSCs, via siRNA strategies (217). 
Much hope is being invested in CSC-targeting therapies. 


ANGIOGENESIS AND VASCULOGENESIS 
FEED TUMOR GROWTH 


Tumor cells are dependent on their microenvironment and 
their supporting cells. For instance, independent of the exis- 
tence of CSC, the tumor cannot grow without blood vessels 
to bring oxygen and nutrients vital for survival of the cell, and 
evacuation of catabolic products toxic for the cell. In absence 
of blood vessels, tumors cannot grow more than 1 to 2mm in 
diameter (222). New blood supply is provided either through 
the formation of new blood vessels arising from preexisting 
vessels in a process termed angiogenesis or via the recruitment 
of bone marrow-derived cells and de novo formation of blood 
vessels through the process of vasculogenesis (223). 

Angiogenesis occurs in orchestrated steps, in which a 
preexisting capillary sprouts new endothelial tubes which 
appear as finger projections of proliferating endothelial 
cells. Initially, endothelial cells differentiate into a motile 
“tip cells” that lead a trail of proliferating endothelial cells 
and the “stalk cells,” constituting the core of the finger 
projection, through the hypoxic tissue (224). The endothe- 
lial tube then encounters and fuses with other capillaries, 
forming a complex vascular network. The immature newly 
formed endothelial vessels are stabilized after associa- 
tion with pericytes originating either from the preexisting 
capillaries or from the bone marrow (225). In cancer, the 
mature capillaries are different than normal capillaries, 
being more tortuous and leaky. 

The molecular mechanisms involved in angiogenesis 
are partially understood. Capillary endothelial cells are 
sensitive to tissue hypoxia. In response to the lack of O,, 
hypoxia-inducible factor 1a (HIF-1a) accumulates in the 
endothelial cell (222). HIF-1a is a transcription factor that is 
continuously degraded via ubiquitin-mediated degradation 
dependent on oxygen. Hypoxia blocks the degradation of 
HIF-1a, leading to its accumulation (226). HIF-1a partners 
with HIF-1B to induce expression of hypoxia genes includ- 
ing the vascular endothelial growth factor A (VEGF-A) and 
the VEGF receptor 2 (VEGFR2) (222). VEGF-A is a potent 
endothelial mitogenic factor that acts on tyrosine kinase 
receptors of the VEGF family. A VEGF-A gradient induces 
differentiation of a pioneering “tip cell,” which acquires a 


proteolytic phenotype and degrades laminin in the base- 
ment membrane. With erosion of the basement membrane, 
interstitial collagen is exposed, leading to a change in cell 
morphology with appearance of cell protrusions and finger- 
like cell projections known as filopodia, which sense the 
VEGE gradient in the hypoxic tissue and direct the growth 
of the endothelial chords (222). VEGF also induces expres- 
sion of the receptor notch and its ligand delta present on 
“stalk cells,” which counteract the proliferation and migra- 
tion of the endothelial chord (222). Later, association with 
the pericytes induces the production of metallo-protease 
inhibitors in both pericytes and endothelial cells, which ter- 
minates the proteolytic phenotype of the endothelial cells. 

Angiogenesis is a particularly attractive target for antican- 
cer therapy, because the cells responsible for the formation 
of blood vessels vital for the tumor are not transformed. 
They have fewer mechanisms in place to evade radio- or 
chemotherapy. 

Vasculogenesis occurs during embryogenesis and in 
tumors. It involves the migration of endothelial progenitor 
cells (EPC) originating from bone marrow into hypoxic tis- 
sue, where EPC contribute to new vessel formation. EPC are 
characterized by surface markers including CD34, endothe- 
lial surface makers, and CD11, a cell substratum adhesion 
molecule (223). In response to tumor hypoxia, EPC home 
in the tumor bed in a process involving HIF-1a. HIF-la 
induces secretion of stromal cell-derived factor 1 (SDF-1) in 
the hypoxic tissue, which activates CXCR4, a cytokine recep- 
tor present on the EPC cell surface. SDF-CXCR4 constitutes 
the recruiting signal for EPC into hypoxic tissue (227). 
Experimental evidence supporting the presence of EPC in 
cancer comes from animal models where EPC are geneti- 
cally labeled with a color marker. In xenograft experiments, 
EPC contributed to 25% of the tumor vasculature within 
a week of tumor implantation, but the number decreased 
to 1% by 1 month (228). Whether or not EPC is an arti- 
fact seen in animal models is debatable, but in one study 
of patients who received gender mismatched bone marrow 
transplants showed that EPC do contribute to tumor vas- 
culature in patients. EPC contributed to 1% to 12% of the 
tumor vasculature depending of the tumor type (229). The 
role played by EPC in tumor regrowth after irradiation was 
elegantly demonstrated in animal model. Blocking EPC 
migration through HIF-1a, or SDF-CXRCC4 inhibitors, pre- 
vented homing of EPC at the site of tumor xenograft and 
blocked regrowth of tumors after radiation (227). 


Clinical Implication of Hypoxia, Angiogenesis, 
and Vasculogenesis in HNSCC 


Tumoral hypoxia has long been recognized as a resistance 
factor for radiation therapy, and tumor tissue with oxygen 
tension under 0.5 mm Hg is considered resistant to radia- 
tion. Tumor hypoxia measured in pretreatment tissue speci- 
mens is an independent prognostic factor for survival, but 
measurements are not done routinely in clinic. HIF-1 was 


proposed to be a predictive biomarker for clinical outcome 
(230-234), but clinical results for this marker are equivocal 
(235-237). Another hypoxia biomarker is carbonic anhy- 
drase IX (CA-IX), a target of HIF-1 that regulates local pH, is 
elevated in hypoxic regions of HNSCC, and is a confirmed 
marker of tumor hypoxia (231,232). Unfortunately, the 
prognostic value of CA-IX is disappointing. In a large ret- 
rospective analysis of a prospective study of HSNCC treated 
with radiotherapy with or without the hypoxia sensitizer 
nimorazole, CA-IX had no prognostic value, even for tumors 
treated with nimorazole (238). In contrast, tumoral VEGF 
expression as a biomarker is promising. VEGE also a HIF-1 
target, correlated with worse prognosis in several studies, 
and the results were confirmed in a meta-analysis (239). 
Therapeutic strategies have been used to target the 
hypoxic regions of HNSCC. For instance, tirapazamine 
becomes activated in a cytotoxic radical only in hypoxic 
cells and was proposed as a radiosensitizer of choice to tar- 
get hypoxic-resistant cells. Unfortunately, after a promising 
Phase II trial, the drug showed no benefit over standard 
cisplatin plus radiation therapy in a Phase III, multiinsti- 
tutional trial (240). Another therapeutic angle is to neu- 
tralize tumor angiogenesis. Anti-VEGF therapies are used 
clinically to combat HNSCC. The compound SU5416 
(semaxanib), a pharmacologic inhibitor of VEGF recep- 
tor 2, was tested in HNSCC with limited efficacy (241). 
In contrast, some Phase HI HNSCC clinical trials using 
bevacizumab (Avastin), a monoclonal anti-VEGF antibody, 
have been completed, and other Phase II trials are under 
way in combination with other drugs. In a double-blind, 
placebo-controlled, randomized trial of non-small cell 
lung cancer salvage therapy with erlotinib with or without 
bevacizumab, the addition of the VEGF-blocking agent did 
not improve overall survival, despite an encouraging but 
nonsignificant improvement in disease-free survival (242). 
However, in HNSCC, Phase I/II showed encouraging results 
(243), and promising Phase I trials testing the activity 
of bevacizumab and the antimetabolite pemetrexed in 
HNSCC are actively accruing patients. It is conceivable that 
only tumors expressing high levels of VEGF are sensitive 
to bevacizumab, and tumoral VEGF expression could be 
used as predictive biomarker to select patients who would 
benefit from antiangiogenic therapy. Novel therapeutic 
agents are in the preclinical study pipeline, such as PG545, 
which is a heparan sulfate mimetic that sequesters tumor 
angiogenic factors in the interstitium (244). This is another 
example where the understanding of the biology of angio- 
genesis led to the development of innovative therapies. 


CONCLUSION 


The information on biology of head and neck cancers is vast. 
In this chapter, we have focused on a description of basic 
concepts with an emphasis on the clinical implications of 
each pathway. It is crucial for the clinician to understand 
the molecular pathways contributing to tumorigenesis of 
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HNSCC in order to understand and participate actively in 
the development of novel anticancer therapies. 

The pathways described herein are interconnected. The 
mitogenic signal starts with growth factors of the EGF fam- 
ily, which lead to activation of the Map kinase, PI3K, and 
STAT signaling pathways leading to cell proliferation and 
promotion of cell survival, as well as increased motility. In 
contrast, TGF-B counterbalances EGF effects by restraining 
the cell cycle and enhancing cell death. However, TGF-B 
has dual effects; it also appears important in EMT and pos- 
sibly metastasis. These two essential pathways appear to be 
essential for HNSCC carcinogenesis. 

The cell cycle, activated by mitogenic signals, is ulti- 
mately orchestrated by the oscillating expression of cyclins, 
and activation of Cdks, the effector kinases responsible 
of signaling progression through the cell cycle. Multiple 
checkpoints must be passed in order for the cell to pro- 
liferate, and multiple inhibitors including INKs, KIPs, and 
Weel proteins stall the cell cycle to ensure appropriate pro- 
liferation. Malfunction(s) in the series of molecular events 
linking mitogens to cell division is an opportunity for 
uncontrolled cell proliferation and cancer formation. 

However, tumor biology is more complex than an 
imbalance between proliferation and cell death leading to 
the clonal expansion of one cell. The tumor, like an organ, 
depends on supporting cells, blood vessels, and subject to 
an immune surveillance. Cancer cells are not homogenous 
within the tumor. This may be explained by the presence 
of solid CSCs, which may self-renew, may maintain the 
cancer, and may differentiate into other subpopulation of 
cancer cells found in the tumor. However, CSC is a model 
that is not mutually exclusive. The traditional stochastic 
mutation model with development of subclone popu- 
lation probably also contributes to the tumor heteroge- 
neity. Furthermore, the HNSCC should be viewed as an 
abnormal organ in which cancer cells of epithelial origin 
interact with the stroma and blood vessels, essential for 
its growth. 

Any of the molecular mechanisms leading to or support- 
ing the tumor growth are potential anticancer treatment 
targets. Understanding the basic concepts of tumor biology 
is crucial to the development of rationale therapies. 


= Tumors labeled as HNSCC are not homogenous, 
but represent different clinical entities based on 
their pathogenesis, such as smoker-—drinker, HPV 
infection, or genetic defects in DNA repair genes. 

= HPV16 is a sexually transmitted disease causing oro- 
pharyngeal HNSCC; these cancers are p16 positive 
and have a favorable clinical outcome in non-smokers 
when treated with chemoradiation therapy. 
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m EGFR, tyrosine kinase transmembrane receptors 
of the ErbB family that drive proliferation, resis- 
tance to apoptosis, and migration, is upregulated in 
HNSCC. EGER acts via Ras/Raf/MapKinase as well 
as PI3K/Akt and STAT pathways. Agents targeting the 
EGFR pathway have clinical utility against HNSCC 
(cetuxumab, erlotinib). 

= TGF-8 signaling is frequently deregulated in 
HNSCC. Cancer cells can circumvent tumor sup- 
pressor components of this pathway and use TGF-B 
stimulation to promote invasion, EMT, secretion of 
mitogens, and pro-metastatic cytokines. 

= Cell cycle progression is regulated by cyclin proteins. 
Cyclin family members, each specific for a phase of 
the cell cycle, have no intrinsic enzymatic activity, 
but associate with and activate Cdk. CCND1, the 
gene coding for cyclin D1 that regulates progres- 
sion through G1 phase, is frequently amplified in 
HNSCC. 

m Cyclin:Cdk complexes are inhibited by INKs, CIP/ 
KIPs, and Weel homologues and are activated by 
CDC25 phosphatases. CIP/KIPs are upregulated in 
response to cellular stresses, via p53. p53, the gate- 
keeper of the human genome that mediates cell 
cycle arrest in response to DNA damage, is inacti- 
vated in 50% of HNSCC. 

m DNA repair processes are important to prevent con- 
version from damage to mutation. Impaired DNA 
repair predisposes to HNSCC cancer (e.g., Fanconi 
anemia) but also renders tumors more sensitive 
to DNA-damaging agents such as ionizing radia- 
tion and cisplatin. Reduced levels of DNA damage 
proteins are emerging as predictive biomarkers in 
HNSCC. 

m Apoptosis, or programmed cell death, is mediated 
via the extrinsic pathway involving TNF superfamily 
death receptors, or via the intrinsic pathway involv- 
ing release of cytochrome C by the mitochondrion. 
Caspases are proteases that are the machinery of 
apoptosis. Proapoptotic drugs are part of the new 
armamentarium of oncologists. 

m The concept of CSC is gaining traction in solid 
tumors including HNSCC. CSCs have unlimited 
self-renewal capacity and divide asymmetrically to 
provide differentiated progeny that make up the 
bulk of the tumor. CSC are the target of novel anti- 
cancer therapeutic strategies. 

= Blood supply is critical to tumor growth. New blood 
vessels form from preexisting capillaries (angio- 
genesis) or via the formation of new blood vessels 
from bone marrow-derived cells (vasculogenesis). 
Hypoxic tumor cells are resistant to radiation, and 
are therefore the target of anti-hypoxic adjuvant 
therapeutic agents. 


REFERENCES 


11. 


12. 


13. 


14. 


15, 


16. 


17, 


18. 


19. 


20. 


21, 


22. 


23) 


24, 


25. 


. Crile W. Excision of cancer of the head and neck. With special 


reference to the plan of dissection based on one hundred and 
thrity-two operations. JAMA 1906;47:1780-1786. 

Suarez A. El problema de las metastasis linfaticas y alejadas del 
cancer de laringe e hipofaringe. Rev Otorrinolaryngol 1963;23: 
83-99. 

Stransky N, Egloff A-M, Tward A, et al. The mutational landscape 
of head and neck squamous cell carcinoma. Science 2011;333: 
1157-1160. 

Jemal A, Siegel R, Ward E, et al. Cancer statistics, 2009. CA Cancer 
J Clin 2009;59:225-249, 

Boyle P, Levin B, International Agency for Research on Cancer., 
World Health Organization. World cancer report 2008. Lyon, 
France: International Agency for Research on Cancer; Distributed 
by WHO Press, 2008. 

Forastiere A, Koch W, Trotti A, et al. Head and neck cancer. N Engl 
J Med 2001;345:1890-1900. 

Argiris A, Karamouzis MV, Raben D, et al. Head and neck cancer. 
Lancet 2008;371:1695-1709. 


. Haddad RI, Shin DM. Recent advances in head and neck cancer. 


N Engl J Med 2008;359:1143-1154. 

Renan MJ. How many mutations are required for tumorigene- 
sis? Implications from human cancer data. Mol Carcinog 1993;7: 
139-146. 


. Leemans CR, Braakhuis BJ, Brakenhoff RH. The molecular biol- 


ogy of head and neck cancer. Nat Rev Cancer 2011;11:9-22. 
Brunnemann KD, Scott JC, Hoffmann D. N-nitrosomorpholine 
and other volatile N-nitrosamines in snuff tobacco. Carcinogenesis 
1982;3:693-696. 

Denissenko MF Pao A, Tang M, et al. Preferential formation of 
benzo[a]pyrene adducts at lung cancer mutational hotspots in 
P53. Science 1996;274:430-432. 

Franceschi S, Talamini R, Barra S, et al. Smoking and drinking in 
relation to cancers of the oral cavity, pharynx, larynx, and esoph- 
agus in northern Italy. Cancer Res 1990;50:6502-6507. 

Jeng JH, Chang MC, Hahn LJ. Role of areca nut in betel quid- 
associated chemical carcinogenesis: current awareness and future 
perspectives. Oral Oncol 2001;37:477-492. 

Mork J, Lie AK, Glattre E, et al. Human papillomavirus infection 
as a risk factor for squamous-cell carcinoma of the head and 
neck. N Engl J Med 2001;344:1125-1131. 

Maden C, Beckmann AM, Thomas DB, et al. Human papillo- 
maviruses, herpes simplex viruses, and the risk of oral cancer in 
men. Am J Epidemiol 1992;135:1093-1102. 

Smith EM, Hoffman HT, Summersgill KS, et al. Human pap- 
illomavirus and risk of oral cancer. Laryngoscope 1998;108: 
1098-1103. 

Schwartz SM, Daling JR, Doody DR, et al. Oral cancer risk in rela- 
tion to sexual history and evidence of human papillomavirus 
infection. J Natl Cancer Inst 1998;90:1626-1636. 

Snijders PJ, Cromme FV, van den Brule AJ, et al. Prevalence and 
expression of human papillomavirus in tonsillar carcinomas, 
indicating a possible viral etiology. Int J Cancer 1992;51:845- 
850. 

D'Souza G, Kreimer AR, Viscidi R, et al. Case-control study of 
human papillomavirus and oropharyngeal cancer. N Engl J Med 
2007;356:1944-1956. 

Ang KK, Harris J, Wheeler R, et al. Human papillomavirus and 
survival of patients with oropharyngeal cancer. N Engl J Med 
2010;363:24-35. 

Gillison ML, Koch WM, Capone RB, et al. Evidence for a causal 
association between human papillomavirus and a subset of head 
and neck cancers. J Natl Cancer Inst 2000;92:709-720. 
Niedernhofer LJ, Lalai AS, Hoeijmakers JH. Fanconi anemia 
(cross)linked to DNA repair. Cell 2005;123:1191-1198. 

Vineis P, Manuguerra M, Kavvoura FK, et al. A field synopsis on 
low-penetrance variants in DNA repair genes and cancer suscep- 
tibility. J Natl Cancer Inst 2009;101:24-36. 

Silverman S, Jr, Gorsky M, Lozada EF. Oral leukoplakia and malig- 
nant transformation. A follow-up study of 257 patients. Cancer 
1984;53:563-568. 


26. 


28. 


29. 


30. 


31. 


32. 


33; 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


Al. 


42. 


43. 


44. 


Warnakulasuriya S, Johnson NW, van der Waal I. Nomenclature 
and classification of potentially malignant disorders of the oral 
mucosa. J Oral Pathol Med 2007;36:575-580. 

Haya-Fernandez MC, Bagan JV, Murillo-Cortes J, et al. The preva- 
lence of oral leukoplakia in 138 patients with oral squamous cell 
carcinoma. Oral Dis 2004;10:346-348. 

Axell T, Pindborg JJ, Smith CJ, et al. Oral white lesions with 
special reference to precancerous and tobacco- related lesions: 
conclusions of an international symposium held in Uppsala, 
Sweden, May 18-21 1994. International Collaborative Group on 
Oral White Lesions. J Oral Pathol Med 1996;25:49-54. 

Shafer WG, Waldron CA. Erythroplakia of the oral cavity. Cancer 
1975;36:1021-1028. 

Slaughter DP, Southwick HW, Smejkal W. Field cancerization 
in oral stratified squamous epithelium; clinical implications of 
multicentric origin. Cancer 1953;6:963-968. 

Tanaka T, Ishigamori R. Understanding carcinogenesis for fight- 
ing oral cancer. J Oncol 2011: 2011;603-740. 

Griner EM, Kazanietz MG. Protein kinase C and other diacylglyc- 
erol effectors in cancer. Nat Rev Cancer 2007;7:281-294. 
Vogelstein B, Kinzler KW. Cancer genes and the pathways they 
control. Nat Med 2004; 10:789-799. 

Parada LE Land H, Weinberg RA, et al. Cooperation between 
gene encoding p53 tumour antigen and ras in cellular transfor- 
mation. Nature 1984;312:649-651. 

Eliyahu D, Raz A, Gruss P, et al. Participation of p53 cellular 
tumour antigen in transformation of normal embryonic cells. 
Nature 1984;312:646-649. 

Jenkins JR, Rudge K, Currie GA. Cellular immortalization by a 
cDNA clone encoding the transformation-associated phospho- 
protein p53. Nature 1984;312:651-654. 

Herskowitz I. Functional inactivation of genes by dominant neg- 
ative mutations. Nature 1987;329:219-222. 

Lane DP. Cancer. p53, guardian of the genome. Nature 1992; 
358:15-16. 

Finlay CA, Hinds PW, Levine AJ. The p53 proto-oncogene can act 
as a suppressor of transformation. Cell 1989;57:1083-1093. 
Lane DP, Benchimol S. p53: oncogene or anti-oncogene? Genes 
Dev 1990,4:1-8. 

Perez-Ordonez B, Beauchemin M, Jordan RC. Molecular biology 
of squamous cell carcinoma of the head and neck. J Clin Pathol 
2006;59:445-453, 

Califano J, van der Riet P, Westra W, et al. Genetic progression 
model for head and neck cancer: implications for field canceriza- 
tion. Cancer Res 1996;56:2488-2492. 

Tabor MP, Brakenhoff RH, van Houten VM, et al. Persistence 
of genetically altered fields in head and neck cancer patients: 
biological and clinical implications. Clin Cancer Res 2001;7: 
1523-1532. 

Brennan JA, Mao L, Hruban RH, et al. Molecular assessment of 
histopathological staging in squamous-cell carcinoma of the 
head and neck. N Engl J Med 1995;332:429-435. 

Morgan S, Grandis JR. ErbB receptors in the biology and pathol- 
ogy of the aerodigestive tract. Exp Cell Res 2009;315:572-582. 
Nanba D, Higashiyama S. Dual intracellular signaling by proteo- 
lytic cleavage of membrane-anchored heparin-binding EGF-like 
growth factor. Cytokine Growth Factor Rev 2004;15:13-19. 
Lemmon MA, Schlessinger J. Cell signaling by receptor tyrosine 
lanases. Cell 2010;141:1117-1134. 

Hynes NE, Lane HA. ERBB receptors and cancer: the complexity 
of targeted inhibitors. Nat Rev Cancer 2005;5:341-354. 

von Zastrow M, Sorkin A. Signaling on the endocytic pathway. 
Curr Opin Cell Biol 2007;19:436-445. 

Choy E, Chiu VK, Silletti J, et al. Endomembrane trafficking of 
ras: the CAAX motif targets proteins to the ER and Golgi. Cell 
1999;98:69-80. 

Bar-Sagi D, Hall A. Ras and Rho GTPases: a family reunion. Cell 
2000; 103:227-238. 

Vigil D, Cherfils J, Rossman KL, et al. Ras superfamily GEFs and 
GAPs: validated and tractable targets for cancer therapy? Nat Rev 
Cancer 2010; 10:842-857. 


. Stokoe D, Macdonald SG, Cadwallader K, et al. Activation of 


Raf as a result of recruitment to the plasma membrane. Science 
1994;264:1463-1467. 


Chapter 108: Head and Neck Tumor Biology 
54. 


a5. 


56. 
Dis 
58. 


Do: 


60. 


6l. 


62. 


63. 
64. 
65. 
66. 


67. 


68. 


69. 


70. 


71. 


72. 


73. 
74, 


75: 


76. 


77. 


1667 


Johnson GL, Lapadat R. Mitogen-activated protein kinase path- 
ways mediated by ERK, JNK, and p38 protein kinases. Science 
2002;298:1911-1912. 

Davis RJ. Signal transduction by the JNK group of MAP kinases. 
Cell 2000; 103:239-252. 

O’Shea JJ, Gadina M, Schreiber RD. Cytokine signaling in 2002: 
new surprises in the Jak/Stat pathway. Cell 2002;109(Suppl): 
$121-S131. 

David M, Wong L, Flavell R, et al. STAT activation by epidermal 
growth factor (EGF) and amphiregulin. Requirement for the EGF 
receptor kinase but not for tyrosine phosphorylation sites or 
JAK1. J Biol Chem 1996;271:9185-9188. 

Quesnelle KM, Boehm AL, Grandis JR. STAT-mediated EGFR sig- 
naling in cancer. J Cell Biochem 2007; 102:311-319. 

Wegrzyn J, Potla R, Chwae YJ, et al. Function of mitochondrial 
Stat3 in cellular respiration. Science 2009;323:793-797. 

Gough DJ, Corlett A, Schlessinger K, et al. Mitochondrial STAT3 
supports Ras-dependent oncogenic transformation. Science 
2009;324:1713-1716. 

Andl CD, Mizushima T, Oyama K, et al. EGFR-induced cell 
migration is mediated predominantly by the JAK-STAT pathway 
in primary esophageal keratinocytes. Am J Physiol Gastrointest 
Liver Physiol 2004;287:G1227-G1237. 

Hou SX, Zheng Z, Chen X, et al. The Jak/STAT pathway in 
model organisms: emerging roles in cell movement. Dev Cell 
2002;3:765-778. 

Fresno Vara JA, Casado E, de Castro J, et al. PI3K/Akt signalling 
pathway and cancer. Cancer Treat Rev 2004;30:193-204. 

Salmena L, Carracedo A, Pandolfi PP. Tenets of PTEN tumor sup- 
pression. Cell 2008;133:403-414. 

Zhang S, Yu D. PI(3)king apart PTEN’s role in cancer. Clin Cancer 
Res 2010;16:4325-4330. 

Grandis JR, Tweardy DJ. TGF-alpha and EGFR in head and neck 
cancer. J Cell Biochem Suppl 1993;17F:188-191. 

Ozanne B, Richards CS, Hendler F, et al. Over-expression of the 
EGF receptor is a hallmark of squamous cell carcinomas. J Pathol 
1986;149:9-14. 

Dassonville O, Formento JL, Francoual M, et al. Expression of 
epidermal growth factor receptor and survival in upper aerodi- 
gestive tract cancer. J Clin Oncol 1993; 11:1873-1878. 

Rubin Grandis J, Melhem ME, Gooding WE, et al. Levels of TGF- 
alpha and EGFR protein in head and neck squamous cell carci- 
noma and patient survival. J Natl Cancer Inst 1998;90:824-832. 
Burtness B, Goldwasser MA, Flood W, et al. Phase III randomized 
trial of cisplatin plus placebo compared with cisplatin plus cetux- 
imab in metastatic/recurrent head and neck cancer: an Eastern 
Cooperative Oncology Group study. J Clin Oncol 2005;23: 
8646-8654. 

Ang KK, Berkey BA, Tu X, et al. Impact of epidermal growth fac- 
tor receptor expression on survival and pattern of relapse in 
patients with advanced head and neck carcinoma. Cancer Res 
2002;62:7350-7356. 

Sok JC, Coppelli FM, Thomas SM, et al. Mutant epidermal 
growth factor receptor (EGFRvIII) contributes to head and neck 
cancer growth and resistance to EGFR targeting. Clin Cancer Res 
2006;12:5064-5073. 

Bonner JA, Harari PM, Giralt J, et al. Radiotherapy plus cetux- 
imab for squamous-cell carcinoma of the head and neck. N Engl 
J Med 2006;354:567-578. 

Vermorken JB, Mesia R, Rivera § et al. Platinum-based chemo- 
therapy plus cetuximab in head and neck cancer. N Engl J Med 
2008;359:1116-1127. 

Stewart JS, Cohen EE, Licitra L, et al. Phase III study of gefitinib 
compared with intravenous methotrexate for recurrent squa- 
mous cell carcinoma of the head and neck [corrected]. J Clin 
Oncol 2009;27:1864-1871. 

Lee SC, Srivastava RM, Lopez-Albaitero A, et al. Natural killer 
(NK):dendritic cell (DC) cross talk induced by therapeutic mono- 
clonal antibody triggers tumor antigen-specific T cell immunity. 
Immunol Res 2011;50:248-254. 

Ferris RL, Jaffee EM, Ferrone S. Tumor antigen-targeted, mono- 
clonal antibody-based immunotherapy: clinical response, cel- 
lular immunity, and immunoescape. J Clin Oncol 2010;28: 
4390-4399, 


1668 


78. 


79. 


80. 
81. 


82. 


83. 


84. 
85. 
86. 
87. 
88. 


89. 


90. 


D1; 


92. 


93: 


94. 


95. 


96. 


97. 


98. 


29: 


100. 


101. 


102. 


103. 


Section VII: Head and Neck Surgery 


Huang SM, Harari PM. Modulation of radiation response after 
epidermal growth factor receptor blockade in squamous cell 
carcinomas: inhibition of damage repair, cell cycle kinetics, and 
tumor angiogenesis. Clin Cancer Res 2000;6:2166-2174. 
Dittmann K, Mayer C, Rodemann HP. Inhibition of radiation- 
induced EGER nuclear import by C225 (Cetuximab) suppresses 
DNA-PK activity. Radiother Oncol 2005;76:157-161. 

Johnston PA, Grandis JR. STAT3 signaling: anticancer strategies 
and challenges. Mol Interv 2011; 11:18-26. 

Song JI, Grandis JR. STAT signaling in head and neck cancer. 
Oncogene 2000;19:2489-2495. 

Xi S, Gooding WE, Grandis JR. In vivo antitumor efficacy of 
STAT3 blockade using a transcription factor decoy approach: 
implications for cancer therapy. Oncogene 2005;24:970-979. 
Okami K, Wu L, Riggins G, et al. Analysis of PTEN/MMAC1 alter- 
ations in aerodigestive tract tumors. Cancer Res 1998;58:509-511. 
Qiu W, Schonleben F Li X, et al. PIK3CA mutations in head 
and neck squamous cell carcinoma. Clin Cancer Res 2006;12: 
1441-1446. 

Hennessy BI, Smith DL, Ram PT, et al. Exploiting the PI3K/ 
AKT pathway for cancer drug discovery. Nat Rev Drug Discov 
2005;4:988-1004. 

Massague J. TGFbeta in cancer. Cell 2008;134:215-230. 
Massague J, Blain SW, Lo RS. TGFbeta signaling in growth con- 
trol, cancer, and heritable disorders. Cell 2000; 103:295-309. 
Malkoski S, Lighthall JGW, Wang XJ. Oral cancer metastasis, 1st 
ed. New York, NY: Springer, 2010. 

Liu EF. Transforming growth factor-B in cancer therapy. New York, 
NY: Humana Press, 2008. 

Kretzschmar M, Doody J, Massague J. Opposing BMP and EGF 
signalling pathways converge on the TGF-beta family mediator 
Smad1. Nature 1997;389:618-622. 

Ozdamar B, Bose R, Barrios-Rodiles M, et al. Regulation of the 
polarity protein Par6 by TGfbeta receptors controls epithelial 
cell plasticity. Science 2005;307:1603-1609. 

Yamaguchi Y, Mann DM, Ruoslahti E. Negative regulation of 
transforming growth factor-beta by the proteoglycan decorin. 
Nature 1990;346:281-284. 

Lo RS, Massague J. Ubiquitin-dependent degradation of TGF- 
beta-activated smad2. Nat Cell Biol 1999;1:472-478. 

Zhu H, Kavsak P, Abdollah S, et al. ASMAD ubiquitin ligase tar- 
gets the BMP pathway and affects embryonic pattern formation. 
Nature 1999;400:687-693. 

Lu SL, Herrington H, Reh D, et al. Loss of transforming growth 
factor-beta type II receptor promotes metastatic head-and-neck 
squamous cell carcinoma. Genes Dev 2006;20:1331-1342. 

Qiu W, Schonleben § Li X, et al. Disruption of transforming 
growth factor beta-Smad signaling pathway in head and neck 
squamous cell carcinoma as evidenced by mutations of SMAD2 
and SMAD4. Cancer Lett 2007;245:163-170. 

Chen T, Yan W, Wells RG, et al. Novel inactivating mutations of 
transforming growth factor-beta type I receptor gene in head- 
and-neck cancer metastases. Int J Cancer 2001;93:653-661. 
Wang D, Song H, Evans JA, et al. Mutation and downregula- 
tion of the transforming growth factor beta type II receptor gene 
in primary squamous cell carcinomas of the head and neck. 
Carcinogenesis 1997;18:2285-2290. 

Lu SL, Reh D, Li AG, et al. Overexpression of transforming 
growth factor betal in head and neck epithelia results in inflam- 
mation, angiogenesis, and epithelial hyperproliferation. Cancer 
Res 2004;64:4405-4410. 

Mangone FR, Walder EF Maistro S, et al. Smad2 and Smad6 as 
predictors of overall survival in oral squamous cell carcinoma 
patients. Mol Cancer 2010;9:106. 

Bornstein S, White R, Malkoski S, et al. Smad4 loss in mice 
causes spontaneous head and neck cancer with increased 
genomic instability and inflammation. J Clin Invest 2009;119: 
3408-3419. 

Fukuchi M, Fukai Y, Masuda N, et al. High-level expression of 
the Smad ubiquitin ligase Smurf2 correlates with poor progno- 
sis in patients with esophageal squamous cell carcinoma. Cancer 
Res 2002;62:7162-7165. 

Burkhart DL, Sage J. Cellular mechanisms of tumour suppression 
by the retinoblastoma gene. Nat Rev Cancer 2008;8:671-682. 


104. 


105. 


106. 


107. 


108. 


109. 


110. 


111. 


112. 


113. 


114. 


115. 


116. 


117. 


118. 


119. 


120. 


121. 


122. 


123. 


124. 


125); 


126. 


127. 


Massague J. G1 cell-cycle control and cancer. Nature 2004;432: 
298-306. 

Murray AW. Recycling the cell cycle: cyclins revisited. Cell 
2004;116:221-234. 

Fisher RP, Morgan DO. A novel cyclin associates with MO15/ 
CDK7 to form the CDK-activating kinase. Cell 1994;78:713-724. 
Boutros R, Lobjois V, Ducommun B. CDC25 phosphatases in 
cancer cells: key players? Good targets? Nat Rev Cancer 2007;7: 
495-507. 

Hinchcliffe EH, Li C, Thompson EA, et al. Requirement of 
Cdk2-cyclin E activity for repeated centrosome reproduction in 
Xenopus egg extracts. Science 1999;283:851-854. 

Sherr CJ, Roberts JM. Living with or without cyclins and cyclin- 
dependent kinases. Genes Dev 2004;18:2699-2711. 

Vlach J, Hennecke S, Amati B. Phosphorylation-dependent deg- 
radation of the cyclin-dependent kinase inhibitor p27. EMBO J 
1997,16:5334-5344. 

Gavet O, Pines J. Activation of cyclin B1-Cdk1 synchronizes 
events in the nucleus and the cytoplasm at mitosis. J Cell Biol 
2010;189:247-259. 

Holland AJ, Cleveland DW. Boveri revisited: chromosomal 
instability, aneuploidy and tumorigenesis. Nat Rev Mol Cell Biol 
2009; 10:478-487. 

Rieder CL, Schultz A, Cole R, et al. Anaphase onset in verte- 
brate somatic cells is controlled by a checkpoint that moni- 
tors sister kinetochore attachment to the spindle. J Cell Biol 
1994;127:1301-1310. 

Chen RH, Waters JC, Salmon ED, et al. Association of spindle 
assembly checkpoint component XMAD2 with unattached 
kinetochores. Science 1996;274:242-246, 

Chan GK, Jablonski SA, Sudakin V, et al. Human BUBR1 is a 
mitotic checkpoint kinase that monitors CENP-E functions 
at kinetochores and binds the cyclosome/APC. J Cell Biol 
1999;146:941-954. 

Nasmyth K. How do so few control so many? Cell 2005;120: 
739-746. 

Fortin A, Guerry M, Guerry R, et al. Chromosome 11q13 gene 
amplifications in oral and oropharyngeal carcinomas: no corre- 
lation with subclinical lymph node invasion and disease recur- 
rence. Clin Cancer Res 1997;3:1609-1614. 

Michalides R, van Veelen N, Hart A, et al. Overexpression of 
cyclin D1 correlates with recurrence in a group of forty-seven 
operable squamous cell carcinomas of the head and neck. 
Cancer Res 1995;55:975-978. 

Michalides RJ, van Veelen NM, Kristel PM, et al. Overexpression 
of cyclin D1 indicates a poor prognosis in squamous cell car- 
cinoma of the head and neck. Arch Otolaryngol Head Neck Surg 
1997,123:497-502. 

Mineta H, Miura K, Takebayashi S, et al. Cyclin D1 overexpres- 
sion correlates with poor prognosis in patients with tongue 
squamous cell carcinoma. Oral Oncol 2000;36:194-198. 

Vielba R, Bilbao J, Ispizua A, et al. p53 and cyclin D1 as prog- 
nostic factors in squamous cell carcinoma of the larynx. 
Laryngoscope 2003;113:167-172. 

Akervall J, Bockmuhl U, Petersen I, et al. The gene ratios 
c-MYC:cyclin-dependent kinase (CDK)N2A and CCND1:CDKN2A 
correlate with poor prognosis in squamous cell carcinoma of 
the head and neck. Clin Cancer Res 2003;9:1750-1755. 

Jares P, Fernandez PL, Campo E, et al. PRAD-1/cyclin D1 gene 
amplification correlates with messenger RNA overexpression 
and tumor progression in human laryngeal carcinomas. Cancer 
Res 1994;,54:4813-4817. 

Namazie A, Alavi S, Olopade OI, et al. Cyclin D1 amplification 
and p16(MTS1/CDK4I) deletion correlate with poor prognosis 
in head and neck tumors. Laryngoscope 2002;112:472-481. 
Callender T, el-Naggar AK, Lee MS, et al. PRAD-1 (CCND1)/ 
cyclin D1 oncogene amplification in primary head and neck 
squamous cell carcinoma. Cancer 1994;74:152-158. 

Akervall J, Borg A, Dictor M, et al. Chromosomal transloca- 
tions involving 11q13 contribute to cyclin D1 overexpression 
in squamous cell carcinoma of the head and neck. Int J Oncol 
2002;20:45-52. 

Akervall JA, Michalides RJ, Mineta H, et al. Amplification of 
cyclin D1 in squamous cell carcinoma of the head and neck and 


128. 


129. 


130. 


131. 


132. 


133. 


134, 


135. 


1306. 


137. 


138. 


139. 


140. 


141. 


142, 


143. 


144, 


145. 


146. 


147. 


148. 


149. 


the prognostic value of chromosomal abnormalities and cyclin 
D1 overexpression. Cancer 1997;79:380-389. 

Greer RO, Jr, Said S, Shroyer KR, et al. Overexpression of cyclin 
D1 and cortactin is primarily independent of gene amplifica- 
tion in salivary gland adenoid cystic carcinoma. Oral Oncol 
2007,43:735-741. 

Matthias C, Branigan K, Jahnke V, et al. Polymorphism within 
the cyclin D1 gene is associated with prognosis in patients with 
squamous cell carcinoma of the head and neck. Clin Cancer Res 
1998;4:2411-2418. 

Hsieh WS, Soo R, Peh BK, et al. Pharmacodynamic effects 
of seliciclib, an orally administered cell cycle modulator, 
in undifferentiated nasopharyngeal cancer. Clin Cancer Res 
2009;15:1435-1442. 

Haddad RI, Weinstein LJ, Wieczorek TJ, et al. A phase II clinical 
and pharmacodynamic study of E7070 in patients with meta- 
static, recurrent, or refractory squamous cell carcinoma of the 
head and neck: modulation of retinoblastoma protein phos- 
phorylation by a novel chloroindolyl sulfonamide cell cycle 
inhibitor. Clin Cancer Res 2004; 10:4680-4687. 

Rizzardi C, Torelli L, Barresi E, et al. BUBR1 expression in oral 
squamous cell carcinoma and its relationship to tumor stage 
and survival. Head Neck 2011;33:727-733. 

Hannisdal K, Burum-Auensen E, Schjolberg A, et al. Correlation 
between reduced expression of the spindle checkpoint protein 
BubRi1 and bad prognosis in tonsillar carcinomas. Head Neck 
2010;32:1354-1362. 

Vermeulen K, Van Bockstaele DR, Berneman ZN. The cell cycle: 
a review of regulation, deregulation and therapeutic targets in 
cancer. Cell Prolif 2003;36:131-149. 

Sherr CJ, Roberts JM. CDK inhibitors: positive and negative reg- 
ulators of Gi-phase progression. Genes Dev 1999;13:1501-1512. 
Kim WY, Sharpless NE. The regulation of INK4/ARF in cancer 
and aging. Cell 2006;127:265-275. 

Besson A, Dowdy SE, Roberts JM. CDK inhibitors: cell cycle regu- 
lators and beyond. Dev Cell 2008;14:159-169. 

Parker LL, Atherton-Fessler S, Piwnica-Worms H. p107weel is a 
dual-specificity kinase that phosphorylates p34cdc2 on tyrosine 
15. Proc Natl Acad Sci U S A 1992;89:2917-2921. 

Kruse JP, Gu W. Modes of p53 regulation. Cell 2009;137: 
609-622. 

Niida H, Nakanishi M. DNA damage checkpoints in mammals. 
Mutagenesis 2006,21:3-9. 

Yang J, Yu Y, Hamrick HE, et al., ATR and DNA-PK: initia- 
tors of the cellular genotoxic stress responses. Carcinogenesis 
2003;24:1571-1580. 

Smith J, Tho LM, Xu N, et al. The ATM-Chk2 and ATR-Chk1 
pathways in DNA damage signaling and cancer. Adv Cancer Res 
2010; 108:73-112. 

Koscielny S, Dahse R, Ernst G, et al. The prognostic relevance of 
p16 inactivation in head and neck cancer. ORL J Otorhinolaryngol 
Relat Spec 2007;69:30-36. 

van der Riet P, Nawroz H, Hruban RH, et al. Frequent loss of 
chromosome 9p21-22 early in head and neck cancer progres- 
sion. Cancer Res 1994;54:1156-1158. 

Gonzalez MV, Pello ME, Lopez-Larrea C, et al. Deletion and 
methylation of the tumour suppressor gene p16/CDKN2 in 
primary head and neck squamous cell carcinoma. J Clin Pathol 
1997;50:509-512. 

Jares P, Nadal A, Fernandez PL, et al. Disregulation of p1GMTS1/ 
CDK4I protein and mRNA expression is associated with gene 
alterations in squamous-cell carcinoma of the larynx. Int J 
Cancer 1999;81:705-711. 

Lydiatt WM, Davidson BJ, Schantz SP, et al., Chaganti RS. 9p21 
deletion correlates with recurrence in head and neck cancer. 
Head Neck 1998;20:113-118. 

Fakhry C, Westra WH, Li S, et al. Improved survival of patients 
with human papillomavirus-positive head and neck squamous 
cell carcinoma in a prospective clinical trial. J Natl Cancer Inst 
2008;100:261-269. 

Kumar B, Cordell KG, Lee JS, et al. EGFR, p16, HPV Titer, Bcl-xL 
and p53, sex, and smoking as indicators of response to therapy 
and survival in oropharyngeal cancer. J Clin Oncol 2008;26: 
3128-3137. 


Chapter 108: Head and Neck Tumor Biology 


150. 


151. 


152. 


153. 


154. 


155. 


156. 


157. 


158. 


159. 


160. 


173. 


174. 


1669 


Lassen P, Eriksen JG, Hamilton-Dutoit S, et al. HPV-associated 
p16-expression and response to hypoxic modification of radio- 
therapy in head and neck cancer. Radiother Oncol 2010;94: 
30-35. 

Rischin D, Young RJ, Fisher R, et al. Prognostic significance of 
plGINK4A and human papillomavirus in patients with oro- 
pharyngeal cancer treated on TROG 02.02 phase III trial. J Clin 
Oncol 2010;28:4142-4148. 

Reimers N, Kasper HU, Weissenborn SJ, et al. Combined analy- 
sis of HPV-DNA, p16 and EGFR expression to predict prognosis 
in oropharyngeal cancer. Int J Cancer 2007;120:1731-1738. 
Weinberger PM, Yu Z, Haffty BG, et al. Molecular classifica- 
tion identifies a subset of human papillomavirus-associated 
oropharyngeal cancers with favorable prognosis. J Clin Oncol 
2006,24:736-747. 

Gasparotto D, Maestro R, Piccinin S, et al. Overexpression of 
CDC25A and CDC25B in head and neck cancers. Cancer Res 
1997,57:2366-2368. 

Poeta ML, Manola J, Goldwasser MA, et al. TP53 mutations 
and survival in squamous-cell carcinoma of the head and neck. 
N Engl J Med 2007;357:2552-2561. 

Nees M, Homann N, Discher H, et al. Expression of mutated 
p53 occurs in tumor-distant epithelia of head and neck cancer 
patients: a possible molecular basis for the development of mul- 
tiple tumors. Cancer Res 1993;53:4189-4196. 

Waridel EF Estreicher A, Bron L, et al. Field cancerisation and 
polyclonal p53 mutation in the upper aero-digestive tract. 
Oncogene 1997;14:163-169. 

Nemunaitis J, Ganly I, Khuri § et al. Selective replication and 
oncolysis in p53 mutant tumors with ONYX-015, an E1B-55kD 
gene-deleted adenovirus, in patients with advanced head and 
neck cancer: a phase II trial. Cancer Res 2000;60:6359-6366. 
Khuri FR, Nemunaitis J, Ganly I, et al. a controlled trial of intra- 
tumoral ONYX-015, a selectively-replicating adenovirus, in 
combination with cisplatin and 5-fluorouracil in patients with 
recurrent head and neck cancer. Nat Med 2000;6:879-885. 
Rudin CM, Cohen EE, Papadimitrakopoulou VA, et al. An atten- 
uated adenovirus, ONYX-015, as mouthwash therapy for prema- 
lignant oral dysplasia. J Clin Oncol 2003;21:4546-4552. 


. Moody CA, Laimins LA. Human papillomavirus oncoproteins: 


pathways to transformation. Nat Rev Cancer 2010;10:550-560. 


. Friedberg EC, Walker GC, Wolfram S, et al. DNA repair and 


mutagenesis, 2nd ed. Hoboken, NJ: Wiley, 2006. 


. Hoeijmakers JH. DNA damage, aging, and cancer. N Engl J Med 


2009;361:1475-1485. 


. McHugh PJ, Spanswick VJ, Hartley JA. Repair of DNA inter- 


strand crosslinks: molecular mechanisms and clinical relevance. 
Lancet Oncol 2001;2:483-490. 


. McCabe KM, Olson SB, Moses RE. DNA interstrand crosslink 


repair in mammalian cells. J Cell Physiol 2009;220:569-573. 


. Vaezi A, Feldmand CH, Niedernhofer LJ. ERCC1 and XRCC1 as 


biomarkers for liung and head and neck cancer. Pharacogenomics 
Pers Med 2011;4:47-63. 


. Friedberg EC. How nucleotide excision repair protects against 


cancer. Nat Rev Cancer 2001;1:22-33. 


. Jacobs DE, Kelly T, Sobolewski J. Linking public health, hous- 


ing, and indoor environmental policy: successes and challenges 
at local and federal agencies in the United States. Environ Health 
Perspect 2007; 115:976-982. 


. Caldecott KW. Mammalian single-strand break repair: mecha- 


nisms and links with chromatin. DNA Repair (Amst) 2007;6: 
443-453. 


. Caldecott KW. Single-strand break repair and genetic disease. 


Nat Rev Genet 2008;9:619-631. 
O'Driscoll M, Jeggo PA. The role of double-strand break repair— 
insights from human genetics. Nat Rev Genet 2006;7:45-54. 


. Zhang J, Powell SN. The role of the BRCA1 tumor suppressor 


in DNA double-strand break repair. Mol Cancer Res 2005;3: 
531-539. 

Helleday T, Lo J, van Gent DC, et al. DNA double-strand break 
repair: from mechanistic understanding to cancer treatment. 
DNA Repair (Amst) 2007;6:923-935. 

Helleday T, Petermann E, Lundin C, et al. DNA repair pathways 
as targets for cancer therapy. Nat Rev Cancer 2008;8:193-204. 


1670 


177. 


179. 


180. 


181. 


182. 


183. 


184. 


185. 


186. 


187. 


188. 


189. 


190. 


191. 


192. 


193. 


194. 


195. 


196. 


Section VII: Head and Neck Surgery 


. Peng G, Lin SY. Exploiting the homologous recombination 


DNA repair network for targeted cancer therapy. World J Clin 
Oncol 2011;2:73-79. 


. Shuck SC, Turchi JJ. Targeted inhibition of replication protein A 


reveals cytotoxic activity, synergy with chemotherapeutic DNA- 
damaging agents, and insight into cellular function. Cancer Res 
2010;70:3189-3198. 

Ranson M, Middleton MR, Bridgewater J, et al. Lomeguatrib, 
a potent inhibitor of O,-alkylguanine-DNA-alkyltransferase: 
phase I safety, pharmacodynamic, and pharmacokinetic trial and 
evaluation in combination with temozolomide in patients with 
advanced solid tumors. Clin Cancer Res 2006;12:1577-1584. 


. Rosell R, Robinet G, Szczesna A, et al. Randomized phase II study 


of cetuximab plus cisplatin/vinorelbine compared with csplatin/ 
vinorelbine alone as first-line therapy in EGFR-expressing 
advanced non-small-cell lung cancer. Ann Oncol 2008;19: 
362-369. 

Fountzilas G, Kalogera-Fountzila A, Lambaki S, et al. MMP9 
but Not EGFR, MET, ERCC1, P16, and P-53 is associated with 
response to concomitant radiotherapy, cetuximab, and weekly 
cisplatin in patients with locally advanced head and neck can- 
cer. J Oncol 2009:2009;305-908. 

Vaezi A, Wang X, Buch SC, et al. XPF expression correlates with 
clinical outcome in squamous cell carcinoma of the head and 
neck. Clin Cancer Res 2011. 

Handra-Luca A, Hernandez J, Mountzios G, et al. Excision repair 
cross complementation group 1 immunohistochemical expres- 
sion predicts objective response and cancer-specific survival in 
patients treated by Cisplatin-based induction chemotherapy for 
locally advanced head and neck squamous cell carcinoma. Clin 
Cancer Res 2007;13:3855-3859. 

Jun HJ, Ahn MJ, Kim HS, et al. ERCC1 expression as a predic- 
tive marker of squamous cell carcinoma of the head and neck 
treated with cisplatin-based concurrent chemoradiation. Br J 
Cancer 2008;99:167-172. 

Koh Y, Kim TM, Jeon YK, et al. Class III beta-tubulin, but not 
ERCC1, is a strong predictive and prognostic marker in locally 
advanced head and neck squamous cell carcinoma. Ann Oncol 
2009;20:1414-1419. 

Moeller BJ, Yordy JS, Williams MD, et al. DNA repair biomarker 
profiling of head and neck cancer: Ku80 expression predicts 
locoregional failure and death following radiotherapy. Clin 
Cancer Res 2011;17:2035-2043. 

Nix P, Greenman J, Stafford N, L. C. Expression of XRCC1 and 
ERCC1 proteins in radioresistant and radiosensitive laryngeal 
cancer. Cancer Therapy 2004;47-53. 

Ashkenazi A. Directing cancer cells to self-destruct with pro- 
apoptotic receptor agonists. Nat Rev Drug Discov 2008;7: 
1001-1012. 

Kurokawa M, Kornbluth S. Caspases and kinases in a death grip. 
Cell 2009;138:838-854. 

Li P, Nijhawan D, Budihardjo I, et al. Cytochrome c and dATP- 
dependent formation of Apaf-1/caspase-9 complex initiates an 
apoptotic protease cascade. Cell 1997;91:479-489. 

Zou H, Henzel WJ, Liu X, et al. Apaf-1, a human protein 
homologous to C. elegans CED-4, participates in cytochrome 
c-dependent activation of caspase-3. Cell 1997;90:405-413. 
Danial NN. BCL-2 family proteins: critical checkpoints of apop- 
totic cell death. Clin Cancer Res 2007;13:7254-7263. 

del Peso L, Gonzalez-Garcia M, Page C, et al. Interleukin- 
3-induced phosphorylation of BAD through the protein kinase 
Akt. Science 1997;278:687-689. 

Datta SR, Dudek H, Tao X, et al. Akt phosphorylation of BAD 
couples survival signals to the cell-intrinsic death machinery. 
Cell 1997;91:231-241. 

Bonni A, Brunet A, West AE, et al. Cell survival promoted by the 
Ras-MAPK signaling pathway by transcription-dependent and 
-independent mechanisms. Science 1999;286:1358-1362. 

Yu J, Zhang L, Hwang PM, et al. PUMA induces the rapid apop- 
tosis of colorectal cancer cells. Mol Cell 2001;7:673-682. 

Oda E, Ohki R, Murasawa H, et al. Noxa, a BH3-only member of 
the Bdl-2 family and candidate mediator of p53-induced apop- 
tosis. Science 2000;288:1053-1058. 

Trask DK, Wolf GT, Bradford CR, et al. Expression of Bcl-2 fam- 
ily proteins in advanced laryngeal squamous cell carcinoma: 


197. 


198. 


199. 


200. 


201. 


202. 


203. 


204. 


205. 


206. 


207. 


208. 


209. 


210. 


211. 


212, 


213. 


214. 


215. 


216. 


217. 


218. 


219. 


220. 


221. 


correlation with response to chemotherapy and organ preservation. 
Laryngoscope 2002; 112:638-644. 

Kumar B, Cordell KG, D’Silva N, et al. Expression of p53 and 
Bcl-xL as predictive markers for larynx preservation in advanced 
laryngeal cancer. Arch Otolaryngol Head Neck Surg 2008;134: 
363-369. 

Buffa FM, Bentzen SM, Daley FM, et al. Molecular marker 
profiles predict locoregional control of head and neck squa- 
mous cell carcinoma in a randomized trial of continuous 
hyperfractionated accelerated radiotherapy. Clin Cancer Res 
2004;10:3745-3754. 

Lessene G, Czabotar PE, Colman PM. BCL-2 family antagonists 
for cancer therapy. Nat Rev Drug Discov 2008;7:989-1000. 

Kang MH, Reynolds CP. Bcl-2 inhibitors: targeting mitochon- 
drial apoptotic pathways in cancer therapy. Clin Cancer Res 
2009;15:1126-1132. 

Bedikian AY, Millward M, Pehamberger H, et al. Bcl-2 anti- 
sense (oblimersen sodium) plus dacarbazine in patients with 
advanced melanoma: the Oblimersen Melanoma Study Group. 
J Clin Oncol 2006;24:4738-4745. 

O’Brien S, Moore JO, Boyd TE, et al. 5-year survival in patients 
with relapsed or refractory chronic lymphocytic leukemia in a 
randomized, phase III trial of fludarabine plus cyclophosphamide 
with or without oblimersen. J Clin Oncol 2009;27:5208-5212. 
Tse C, Shoemaker AR, Adickes J, et al. ABT-263: a potent and 
orally bioavailable Bcl-2 family inhibitor. Cancer Res 2008;68: 
3421-3428. 

Ackler S, Mitten MJ, Foster K, et al. The Bcl-2 inhibitor ABT-263 
enhances the response of multiple chemotherapeutic regimens 
in hematologic tumors in vivo. Cancer Chemother Pharmacol 
2010;66:869-880. 

Rosen JM, Jordan CT. The increasing complexity of the cancer 
stem cell paradigm. Science 2009;324:1670-1673. 

Ailles LE, Weissman IL. Cancer stem cells in solid tumors. Curr 
Opin Biotechnol 2007;18:460-466. 

Clarke MI, Dick JE, Dirks PB, et al. Cancer stem cells— 
perspectives on current status and future directions: AACR 
Workshop on cancer stem cells. Cancer Res 2006;66:9339-9344. 
Al-Hajj M, Wicha MS, Benito-Hernandez A, et al. Prospective 
identification of tumorigenic breast cancer cells. Proc Natl Acad 
Sci U S A 2003;100:3983-3988. 

Shipitsin M, Campbell LL, Argani P, et al. Molecular definition 
of breast tumor heterogeneity. Cancer Cell 2007;11:259-273. 
Mani SA, Guo W, Liao MJ, et al. The epithelial-mesenchymal 
transition generates cells with properties of stem cells. Cell 
2008;133:704-715. 

Thiery JP, Acloque H, Huang RY, et al. Epithelial-mesenchymal 
transitions in development and disease. Cell 2009;139:871-890. 
Chen ZG. The cancer stem cell concept in progression of head 
and neck cancer. J Oncol 2009: 2009;894-1064. 

Diehn M, Cho RW, Lobo NA, et al. Association of reactive 
oxygen species levels and radioresistance in cancer stem cells. 
Nature 2009;458:780-783. 

Maugeri-Sacca M, Vigneri P, De Maria R. Cancer Stem Cells and 
Chemosensitivity. Clin Cancer Res 2011,17:4942-4947, 

Prince ME, Sivanandan R, Kaczorowski A, et al. Identification 
of a subpopulation of cells with cancer stem cell properties in 
head and neck squamous cell carcinoma. Proc Natl Acad Sci U S 
A 2007;104:973-978. 

Chen YC, Chen YW, Hsu HS, et al. Aldehyde dehydrogenase 1 is 
a putative marker for cancer stem cells in head and neck squa- 
mous cancer. Biochem Biophys Res Commun 2009;385:307-313. 
Chen H, Zhou L, Dou T, et al. BMI1’S maintenance of the prolif- 
erative capacity of laryngeal cancer stem cells. Head Neck 2010. 
Okamoto A, Chikamatsu K, Sakakura K, et al. Expansion and 
characterization of cancer stem-like cells in squamous cell carci- 
noma of the head and neck. Oral Oncol 2009;45:633-639. 
Tabor MH, Clay MR, Owen JH, et al. Head and neck cancer stem 
cells: the side population. Laryngoscope 2011;121:527-533. 

de Jong MC, Pramana J, van der Wal JE, et al. CD44 expression 
predicts local recurrence after radiotherapy in larynx cancer. Clin 
Cancer Res 2010;16:5329-5338. 

Damek-Poprawa M, Volgina A, Korostoff J, et al. Targeted 
inhibition of CD133+ cells in oral cancer cell lines. J Dent Res 
2011;90:638-645. 


222. 


223, 


224. 


225. 


226. 


227; 


228. 


229; 


230. 


231. 


232. 


233. 


234. 


Chung AS, Lee J, Ferrara N. Targeting the tumour vascula- 
ture: insights from physiological angiogenesis. Nat Rev Cancer 
2010;10:505-514. 

Ahn GO, Brown JM. Role of endothelial progenitors and other 
bone marrow-derived cells in the development of the tumor 
vasculature. Angiogenesis 2009;12:159-164. 

Carmeliet P, De Smet FE Loges S, et al. Branching morphogenesis 
and antiangiogenesis candidates: tip cells lead the way. Nat Rev 
Clin Oncol 2009;6:315-326. 

Folkman J, D’Amore PA. Blood vessel formation: what is its 
molecular basis? Cell 1996;87:1153-1155. 

Schofield CJ, Ratcliffe PJ. Oxygen sensing by HIF hydroxylases. 
Nat Rev Mol Cell Biol 2004;5:343-354. 

Kioi M, Vogel H, Schultz G, et al. Inhibition of vasculogenesis, 
but not angiogenesis, prevents the recurrence of glioblastoma 
after irradiation in mice. J Clin Invest 2010;120:694-705. 

Nolan DJ, Ciarrocchi A, Mellick AS, et al. Bone marrow-derived 
endothelial progenitor cells are a major determinant of nascent 
tumor neovascularization. Genes Dev 2007;21:1546-1558. 
Peters BA, Diaz LA, Polyak K, et al. Contribution of bone mar- 
row-derived endothelial cells to human tumor vasculature. Nat 
Med 2005;11:261-262. 

Winter SC, Shah KA, Han C, et al. The relation between hypoxia- 
inducible factor (HIF)-1alpha and HIF-2alpha expression with 
anemia and outcome in surgically treated head and neck cancer. 
Cancer 2006; 107:757-766. 

Hoogsteen JJ, Marres HA, Bussink J, et al. Tumor microenviron- 
ment in head and neck squamous cell carcinomas: predictive 
value and clinical relevance of hypoxic markers. A review. Head 
Neck 2007;29:591-604. 

Schrijvers ML, van der Laan BE de Bock GH, et al. 
Overexpression of intrinsic hypoxia markers HIFlalpha and 
CA-IX predict for local recurrence in stage T1-T2 glottic laryn- 
geal carcinoma treated with radiotherapy. Int J Radiat Oncol Biol 
Phys 2008;72:161-169. 

Koukourakis MI, Giatromanolaki A, Danielidis V, et al. Hypoxia 
inducible factor (HIfialpha and HIF2alpha) and carbonic anhy- 
drase 9 (CA9) expression and response of head-neck cancer to 
hypofractionated and accelerated radiotherapy. Int J Radiat Biol 
2008;84:47-52. 

Koukourakis MI, Bentzen SM, Giatromanolaki A, et al. 
Endogenous markers of two separate hypoxia response pathways 
(hypoxia inducible factor 2 alpha and carbonic anhydrase 9) are 
associated with radiotherapy failure in head and neck cancer 


Chapter 108: Head and Neck Tumor Biology 


235, 


236. 


237. 


238. 


239. 


240. 


241, 


242, 


243. 


244, 


1671 


patients recruited in the CHART randomized trial. J Clin Oncol 
2006;24:727-735. 

van den Broek GB, Wildeman M, Rasch CR, et al. Molecular 
markers predict outcome in squamous cell carcinoma of the 
head and neck after concomitant cisplatin-based chemoradia- 
tion. Int J Cancer 2009;124:2643-2650. 

Kappler M, Taubert H, Holzhausen Hj, et al. Immunohistochemical 
detection of HIF-lalpha and CAIX in advanced head-and-neck 
cancer. Prognostic role and correlation with tumor markers and 
tumor oxygenation parameters. Strahlenther Onkol 2008;184: 
393-399. 

Roh JL, Cho KJ, Kwon Gy, et al. The prognostic value of hypoxia 
markers in T2-staged oral tongue cancer. Oral Oncol 2009;45: 
63-68. 

Eriksen JG, Overgaard J. Lack of prognostic and predictive value 
of CA IX in radiotherapy of squamous cell carcinoma of the 
head and neck with known modifiable hypoxia: an evaluation 
of the DAHANCA 5 study. Radiother Oncol 2007;83:383-388. 
Kyzas PA, Cunha IW, Ioannidis JP. Prognostic significance 
of vascular endothelial growth factor immunohistochemical 
expression in head and neck squamous cell carcinoma: a meta- 
analysis. Clin Cancer Res 2005;11:1434-1440. 

Rischin D, Peters LJ, O'Sullivan B, et al. Tirapazamine, cispla- 
tin, and radiation versus cisplatin and radiation for advanced 
squamous cell carcinoma of the head and neck (TROG 02.02, 
HeadSTART): a phase III trial of the Trans-Tasman Radiation 
Oncology Group. J Clin Oncol 2010;28:2989-2995. 

Fury MG, Zahalsky A, Wong R, et al. A Phase II study of SU5416 
in patients with advanced or recurrent head and neck cancers. 
Invest New Drugs 2007;25:165-172. 

Herbst RS, Ansari R, Bustin F et al. Efficacy of bevacizumab 
plus erlotinib versus erlotinib alone in advanced non-small- 
cell lung cancer after failure of standard first-line chemotherapy 
(BeTa): a double-blind, placebo-controlled, phase 3 trial. Lancet 
2011;377:1846-1854. 

Cohen EE, Davis DW, Karrison TG, et al. Erlotinib and bevaci- 
zumab in patients with recurrent or metastatic squamous-cell 
carcinoma of the head and neck: a phase I/II study. Lancet Oncol 
2009;10:247-257. 

Dredge K, Hammond E, Handley P, et al. PG545, a dual hepa- 
ranase and angiogenesis inhibitor, induces potent anti-tumour 
and anti-metastatic efficacy in preclinical models. Br J Cancer 
2011; 104:635-642. 


Principles of Patient Care 


Rohan R. Walvekar 


Principles of care for the head and neck patient can be 
defined by understanding of the concepts of quality health 
care and the methods and processes necessary to secure it. 
An appropriate definition of quality care must be agreed 
upon in order to implement it. There are several mecha- 
nisms that have been introduced in current medicine as 
ways to measure, implement, and audit quality health care 
and ensure an equitable and ethical practice of medicine. 
Clinical guidelines and critical pathways are used to direct 
medical decision making. The appropriate evaluation of 
clinical outcomes through evidence-based research pro- 
vides a reasonable justification for everyday clinical deci- 
sion making. Multidisciplinary team (MDT) approaches 
ensure complete and efficient care for the patient. In addi- 
tion, safety, standardization of care, and associated costs 
can be examined to allocate health care resources in an 
equitable fashion. 


The aim of this chapter is to highlight the importance of 
quality care, particularly with regard to the head and neck 
cancer patient. We define the different components of qual- 
ity care and describe the various tools used to improve it. 
Reviews of current literature are used to support the impor- 
tance of this topic and offer examples of implementation. 
The goal is to emphasize the need for high-quality medi- 
cal care and to provide a resource that explains how it can 
be incorporated into the care of a head and neck cancer 
patient. 


Historical Background 


Beginning in the 1990s and rising over the last two decades, 
there has been an increasing focus on the quality of medical 
care in the United States. It has prompted the development 
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of several organizations to assess and improve health 
care, including the Agency for Healthcare Research and 
Quality (AHRQ), which oversees the National Guideline 
Clearinghouse (NGC), the Patient-Centered Outcomes 
Research Institute, and the National Quality Forum (NQF). 
In addition, there was rapid growth of existing programs such 
as the Institute of Medicine (IOM), which is the health arm 
under the National Academy of Sciences, dating back to the 
1860s. Some of these initiatives are government-based, some 
are nonprofit, and others are professionally associated. The 
Clinical Guidelines Task Force established by the American 
Academy of Otolaryngology (AAO) and the Quality of Care 
Committee created by the American Head and Neck Society 
(AHNS) are organizations specific to otolaryngology. The 
emphasis on quality improvement also coincided with a new 
shift toward the use of evidence-based medicine (EBM). It has 
become increasingly important in all aspects of health care, 
especially those that affect the quality of health care delivery. 


Defining Quality Care 


In 2001, the IOM published a report entitled “Crossing 
the Quality Chasm: A New Health System for the 21st 
Century,” which highlighted the disparity between optimal 
care based on the best evidence and the quality of care that 
is delivered. In this report the IOM proposed six critical 
goals to redefine health care: improved safety, effective- 
ness, timeliness, efficiency, individualization, and equality 
of delivery of health care. It defined quality as “the degree 
to which health services for individuals and populations 
increase the likelihood of desired heath outcomes and are 
consistent with current professional knowledge” (1). The 
AHRQ simplified this definition as “doing the right thing, 
at the right time, in the right way, for the right person—and 
having the best possible results” (2,3). 

The three general aspects studied in assessing quality of 
care are structure, process, and outcomes. Structure refers 


to health system characteristics. Process refers to the role of 
the health care provider. Outcome refers to what happens to 
the patient (3,4). These three concepts are intertwined and 
must all be addressed for effective quality improvement. 
This involves analysis of how organizations and systems 
fail and the practice of devising, testing, and evaluating 
tools and techniques to address those deficiencies. 


Organizations For Improved Quality 


The national initiatives dedicated to the improvement 
of quality health care all work together but also focus on 
different aspects of the same goal. The AHRQ focuses on 
research that promotes improvement of health care quality, 
safety, efficiency, and effectiveness. The IOM identifies key 
health care areas that need to be addressed more urgently. 
The Patient-Centered Outcomes Research Institute com- 
missions research focused on evidence-based information 
as well as specific values and interests of patients. The NQF 
was formed in 1999 to identify and enforce performance 
measures and disseminate quality measures. Currently, 
there are 55 of these performance quality measures per- 
taining to oncology; however, none that explicitly pertain 
to head and neck cancer. 

The Clinical Guidelines Task Force of the AAO was 
formed for the development of rigorous evidence-based 
guidelines in head and neck surgery. There are several 
published treatment guidelines available such as those for 
hoarseness (5), otitis externa (6), and acute sinusitis (7). 
These focus on improving quality of care and standardizing 
clinical protocols and algorithms for patients with specific 
otolaryngologic diagnoses based on best current evidence. 
They describe accurate diagnosis, treatment options, and 
prevention measures. 

The Quality of Care Committee, formed in 2007 by the 
AHNS, works to establish consensus quality measures in 
head and neck cancer care and to promote compliance 
with these standards as a framework for measuring qual- 
ity of care in head and neck surgery. Currently, there are 
quality measures for the two most common head and neck 
cancers: oral cavity and laryngeal cancer, approved by the 
AHNS in 2007 and 2009, respectively. Pretreatment mea- 
sures include histopathologic confirmation of diagnosis, 
appropriate Tumor Node Metastasis (TNM) staging (8), and 
tobacco cessation counseling. Treatment-related measures 
involve referrals to radiation oncology, medical oncology, 
and speech pathology when necessary. Appropriate follow- 
up for symptom management and cancer surveillance 
encompasses the posttreatment measures (4). 


Outcomes of Care 


Another important aspect of quality health care is assess- 
ing the outcomes of care received. The IOM defines three 
general categories of outcomes: clinical status, functional 
status, and patient satisfaction. Clinical status is defined as 


Chapter 109: Principles of Patient Care 1673 


the biologic outcome of disease, for example, 30-day mor- 
tality rates. Functional status is the patient's physical, emo- 
tional, and cognitive activity levels as the disease affects 
them, for example, Karnofsky score (4). Quality of life has 
become an important goal for head and neck oncology 
outcomes, in addition to cancer control and overall sur- 
vival. Attempts to measure health-related quality of life 
have led to an increase in production of formal assess- 
ments to evaluate physical, mental, and social function 
for a variety of clinical topics. A frequently used example 
of such a tool is the University of Washington Quality of 
Life Revised Version 4 (9). Finally, patient satisfaction is a 
measure of patients’ opinions about the care they receive, 
for example, Likert scale (10). It should be noted that 
patient satisfaction and high-quality care have not been 
shown to be correlative, and thus, it may not be the best 
means of measuring quality of care (4). Quality of care 
can be improved by considering these three aspects of 
clinical outcomes. 


CLINICAL GUIDELINES 


Clinical practice guidelines present systematically and 
precisely developed evidence-based recommendations 
for diagnostic procedures and medical treatment options 
that are used for standard patients (11). They use EBM to 
help set national standards and aid in decisions regarding 
appropriate health care for specific clinical circumstances. 
While there is increasing integration of evidence-based 
practice into clinical decision making, most clinical 
practice is still not based on the best available evidence. 
Guidelines are tools used to ensure that this evidence is 
put into current practice. They serve not only as references 
for clinical decision making and best practices but also as 
criteria for performance evaluation (12). 

The general goals of developing clinical guidelines are 
to improve the quality of clinical care by helping physi- 
cians and patients in decision making and to support the 
delivery of cost-effective care by reducing unwarranted 
variations in clinical practice (13). In addition to promot- 
ing improved decision making, they can be used to initiate 
improvement strategies, prioritize research goals, and sup- 
port reimbursement for particular services. 

However, physicians must be careful in the use of guide- 
lines. A flawed guideline can impair the whole health 
care system through the same pathways that an effective 
one makes improvements. There is a potential threat to 
individualized patient care if guidelines are used without 
proper evaluation. Every clinician must remember that in 
medicine every patient and every situation is slightly differ- 
ent. Guidelines must be developed in a very strict fashion 
to prevent inappropriate use (12,14). 

Many review articles, consensus statements, practice 
parameters, and policy recommendations are labeled as 
“guidelines,” without possessing the diligent methodology 
to merit such a designation (12). A variety of tools such 
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as the Conference on Guideline Standardization (COGS) 
checklist, the Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) approach (11), 
and the Appraisal of Guidelines Research and Evaluation 
(AGREE) instrument exist to measure the quality of guide- 
lines. The AGREE instrument is a widely used generic mea- 
sure of guideline quality characterized by the attributes 
outlined in Table 109.1 (15). 

Clinical guidelines for a variety of otolaryngologic 
issues can be found through several different databases. 
The NGC database, an initiative of the AHRQ, is a reposi- 
tory that includes national guidelines that meet specific 
criteria. As of the publication date, the NGC database con- 
tains a total of 151 published guidelines with the search 
term “head and neck” and 71 with the search term “otolar- 
yngology.” A few resources for finding guidelines are listed 
in Table 109.2. 


TABLE 
109.1 AGREE INSTRUMENT PRINCIPLES 


1. Scope and purpose 
a. Overall objective(s) of the guideline described 
b. Clinical questions detailed 
c. Intended target patient population identified 
2. Stakeholder involvement 
a. Guideline development group of individuals from all rel- 
evant professional groups 
b. Incorporation of patients’ views and preferences 
c. Clear definition of target users 
d. Pilot testing of guideline for further validation 
3. Rigor of development 
a. Systematic methods used to search for evidence 
b. Criteria for evidence selection described 
c. Methods used to formulate of recommendations described 
d. Recommendations account for health benefits, side effects, 
and risks 
e. Explicit link between recommendations and supporting 
evidence 
f. External review of guideline 
g. Process for updating guideline provided 
4. Clarity of presentation 
a. Specific and unambiguous recommendations 
b. Different options of management presented 
c. Key recommendations easily identifiable 
d. Supported with tools for application 
5. Applicability 
a. Potential organizational barriers in applying recommendations 
discussed 
b. Potential cost of applying recommendations considered 
c. Key review criteria for monitoring or audit purposes 
6. Editorial independence 
a. Editorially independent from funding body 
b. Conflicts of interests acknowledged 


From Rosenfeld RM, Shiffman RN. Clinical practice guideline 
development manual: a quality-driven approach for translating 
evidence into action. Otolaryngol Head Neck Surg 2009;140 

(6 Suppl 1):51-S43; Appraisal of Guidelines for Research and 
Evaluation (AGREE) Instrument 2001, AGREE Collaboration: London, 
September 2011. 


U5) RESOURCES FOR CLINICAL 
ull 24) PRACTICE GUIDELINES 


National Guidelines Clearinghouse, http:www.guidelines.gov 
Guidelines International Network, http:www.g-i-n.net 
American Academy of Otolaryngology, http:www.entnet.org/ 
Practice/clinicalPracticeguidelines.cfm 

National Comprehensive Cancer Network Treatment 
Guidelines, http:www.nccn.org 

Centers for Disease Control Morbidity and Mortality Weekly 
Report, http: www.cdc.gov/mmwr 

¢ MD Consult, http:www.mdconsult.com/das/ 
guidelines/268935093-2/1/toc?tab=topic 


CLINICAL PATHWAYS 


Clinical pathways are manifestations of guidelines, typi- 
cally set up by a single institution, to specify care through 
protocols and to provide action plans with the appropriate 
support systems in place. Also known as critical pathways, 
they are developed by MDTs and establish the optimum 
timing of essential care in the management of patients 
who have specific conditions or undergo specific proce- 
dures. The development of these pathways through critical 
analysis has become a way to further streamline the clini- 
cal workup, treatment, and follow-up of head and neck 
cancer patients (16). By utilizing evidence-based interven- 
tions and reducing variations in care, the development of 
pathways can benefit patients by reducing complications, 
providing better quality of life, improving survival, and 
allowing more cost-effectiveness (17). 

Several institutions have described experiences with 
critical pathways in head and neck oncology, reporting on 
associations between the implementation of a pathway and 
lengths of stay (LOS) in the hospital. Some studies compare 
observational cohorts of critical pathway patients to prepath- 
way historical cohorts for the same or similar procedure. 
Others controlled for changes in medical care over time by 
comparing pathway cohorts with nonpathway counterparts 
during the same time frame. Pathway implementation does 
appear to decrease LOS, but the effect is confounded by 
temporal trends such as increased utilization review, more 
cost-conscious care, and better-educated medical providers 
regarding the importance of minimizing hospitals stays (17). 

Chen et al. examined the implementation of a clinical 
pathway for unilateral neck dissection. Pathway patients 
were compared with historical controls and with a non- 
pathway contemporaneous cohort. Significantly decreased 
LOS and median costs were seen in pathway patients. 
Interestingly, LOS and median cost of care for the non- 
pathway contemporaneous control group was in between 
that of the pathway patients and historical controls. This 
suggests that care was made more efficient and cost-effec- 
tive through both changes over time as well as through the 
clinical pathway (18). 


Gendron et al. examined the effect of a clinical path- 
way for head and neck cancer patients on health care effi- 
ciency. Several aspects of hospital courses were reviewed 
for 3 years. Intensive care LOS, incidence of postoperative 
pneumonia, 30-day readmission rates, and median total 
costs decreased across the 3 years with implementation of 
the pathway. Median total LOS and nonintensive care LOS 
decreased over the first year but remained stable through 
year three (3,19). 

Yueh et al. critically evaluated the impact of critical 
pathways on LOS after laryngectomy. This study compared 
a hospital that implemented a critical pathway for laryn- 
gectomy and a contemporary control group that did not 
utilize a critical pathway at a separate institution. After 
controlling for temporal trends and clinical variables, the 
direct impact of a clinical pathway on LOS in relatively 
low-volume procedures such as laryngectomy was noted 
to be limited. However, the simple process of think- 
ing about and developing a pathway can help patients, 
whether they are managed using it or not, by encouraging 
those involved to more critically evaluate the care that is 
provided (17). 

Clinical pathways ideally function to maximize quality 
of care in a resource-effective manner and may serve as a 
working model to readily implement clinical guidelines. 


Patient presents with neck 
mass 


Clinical exam, flexible 
fiberoptic laryngoscopy, 
needle biopsy 


1st clinic visit 


In-clinic pathology review 


Review imaging: CT scan, 
PET-CT 


2nd Clinic visit 

within 10 days 
Formal panendoscopy 

within 7 days 


Establish diagnosis of 
unknown primary squamous 
cell carcinoma 


Directed biopsies +/— 
tonsillectomy 
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An example of a pathway for the care of a patient with 
an unknown primary associated with squamous cell car- 
cinoma of the neck is illustrated in Figure 109.1. In gen- 
eral, the aforementioned findings suggest that successful 
clinical pathway implementation confers, either directly 
or indirectly, sustained efficacy and continual potential for 
improvement of health care quality (3). 


MULTIDISCIPLINARY TEAM APPROACH 


Even with medical advances, the 5-year survival rate 
of head and neck cancer patients has not substantially 
improved during the last 30 years. There has been a move- 
ment toward centralized multidisciplinary clinics and 
tumor conferences and cancer treatment programs in an 
effort to provide high-quality individualized patient care, 
which encompasses medical, surgical, social, emotional, 
and rehabilitative needs of the head and neck cancer 
patient. In addition, the goals of these centralized ser- 
vices are to improve and standardize treatment outcome, 
improve access to clinical trials, and improve survival 
outcomes (20). The variability of head and neck cancer 
presentation along with the complexity of cancer care war- 
rants multidisciplinary coordination and centralization of 
care to optimize treatment. 


Surgical resection of primary + 
neck dissection +/— radiation, 
chemotherapy 


Primary tumor detected 
Primary tumor not detected 


Radiation* +/— chemotherapy + 
possible surgical salvage 


Whole field radiation* +/— 
chemotherapy + possible 
surgical salvage 


* Radiation therapy can be tailored to inclusion of the primary tumor and nodal basins most likely to be involved if 
Primary tumor is detected. When no primary tumor is detected, the radiation field should include all potential epicenters 
of cancer from the skull base to the clavicles and include all nodal basins. 


Figure 109.1 Clinical pathway example for neck mass with unknown primary tumor. 
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The purpose of a MDT meeting is to ensure the quality 
of the health care provided to patients with head and neck 
cancer. The team includes physicians such as otolaryngolo- 
gists and radiation oncologists, as well as allied health pro- 
fessionals who provide adjunctive care to head and neck 
cancer patients. Table 109.3 lists the essential components 
of this team. 

The main goals of aMDT meeting are to define the true ana- 
tomical extension of the tumor, assign accurate TNM staging, 
and offer appropriate treatment recommendations. Proposed 
benefits of MDTs include more standardized care, better coor- 
dinated continuity of care, cost-effective care, improved com- 
munication among health professionals, improved clinical 
outcomes, and increased recruitment into clinical trials (16). 


Multidisciplinary Team Presentations 


Every patient with a newly diagnosed head and neck can- 
cer, all patients who have undergone initial surgery, and all 
patients with newly identified recurrent or metastatic disease 


WS) MULTIDISCIPLINARY HEAD 
u[0\°2: 3) AND NECK ONCOLOGY TEAM 


Physicians 
¢ Otolaryngologist/head and neck surgeon 
¢ Subspecialty surgical consultants 
° General surgeon 
° Plastic and reconstructive surgeon 
° Oral maxillofacial surgeon 
© Radiologist—interventional and diagnostic 
© Radiation oncologist 
© Medical oncologist 
e Internal medicine physician 
e Anesthesiologist 
© Pathologist 
Nurses 
e Head and neck surgery clinic 
e Operating room 
e Postanesthesia care unit 
Intensive care unit 
Postsurgical unit 
Rehabilitation, long-term care, or nursing home 
Home health care 


Allied health members 
e Dentist 
e Prosthodontist 
e Speech-language pathologist 
© Audiologist 
© Physical therapist 
e 
e 


Occupational therapist 
Nutritionist or dietician 


Other core members 
© Social worker 
e Religious or spiritual counselor 
¢ Mental health specialists 


From Chalian AA, Kagan SH. Guidelines for patient care. In: 
Johnson JT, Bailey BJ, Newlands SD, eds. Head & neck surgery— 
otolaryngology, Lippincott Williams & Wilkins, 2006:1419-1426. 


should be presented to a MDT meeting. Adequate prepara- 
tion and complete workup of the patient prior to meeting are 
essential to the working process of establishing a multidisci- 
plinary accurate diagnostic TNM stage and treatment plan. 

To ensure accurate TNM staging, satisfactory docu- 
mentation of head and neck tumors should include a 
verbal description, precise measurement, illustrative rep- 
resentation, photographic recording, and appropriate 
radiographic imaging techniques such as computerized 
tomography (CI), magnetic resonance imaging, posi- 
tron emission tomography (PET), and finally pathology 
reports and demonstrative histologic slides (21). Simo 
et al. presented their experience utilizing concise integrated 
multimedia Microsoft PowerPoint presentations includ- 
ing all of the aforementioned data, which could later be 
integrated into a centralized database. Figure 109.2 shows a 
good example of effective and complete MDT presentation 
using the format from Simo et al. as a guideline. The high- 
lighted advantages include comprehensive and complete 
information available for each member to give expert opin- 
ion, educational benefit to medical and nonmedical team 
members, comparative baseline multimedia presentation 
in cases of recurrence, and a valuable adjunct to long-term 
clinical monitoring (21). 


Efficacy of Multidisciplinary Teams 


Despite more than 30 years of experience with MDTs in 
several countries, such as Sweden, the evolution to central- 
ization and multidisciplinary care is supported mostly by 
lower power and anecdotal evidence with an obvious lack 
of fully high-quality evidence (16). There are few studies 
specifically focusing on the quality, efficacy, and efficiency 
of MDTs for head and neck that warrant discussion. 

In a literature review, Westin et al. focused on the man- 
agement of head and neck cancers using MDT meetings, 
evaluated whether this entity is beneficial to patients and 
treating staff, and determined if it is cost-effective. The 
review concluded that MDTs provide quality assurance 
for patients on an individual basis. They provide a forum 
for up-to-date individualized treatment plans, facilitate 
coordinated and timely treatment, and enhance the per- 
sonal competence of clinical members. Additionally, MDTs 
within cancer care networks likely lead to improved patient 
outcomes and cost-effectiveness (16). 

Stalfors et al. evaluated the quality and effectiveness of 
MDTs by collecting data prospectively from tumor board 
presentations on 329 consecutive patients. They found that 
236 of 324 patients (73%) had their diagnosis and treat- 
ment plans established at the first meeting and were thus 
regarded as successes. However, 27% of patients were pre- 
sented before all the necessary data were available, and the 
need to have more complete routine workup of patients 
prior to the MDT was emphasized. After presentation at 
the MDT, the TNM classification was only changed in 1.4% 
of patients. This attests to the high quality of decisions 


Patient Initials 


Treating Hospital 
Medical Record Number 
Date of Birth 

Treating Physician 


Physical Exam 


¢ Right tonsil asymmetry with 
irregular mucosal 
- Physical exam otherwise normal 
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Clinical Summary 


e 56-year-old male with right-sided throat pain 

and otalgia for 6 months 

- Odynophagia, no dysphagia or dysphonia 
e Past medical/surgical history: hypertension 
© Social history: 

- No tobacco or significant alcohol use 


Pre-Treatment Clinical Stage 


e Histology: squamous 
cell carcinoma (SCCA) 
- From previous biopsy 


Pre-Treatment Imaging 


¢ CT scan with contrast 
- Hypertrophic right tonsil with 
ring enhancement on axial 
cuts 
e PET-CT scan 
- Hyper-metabolic focus at 
right tonsil 
- SUV max of 8 


Surgical Intervention 


e Right transoral robotic resection 
of primary tumor with radical tonsillectomy 
¢ Right selective neck dissection 
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e Neck exam: no palpable lymphadenopathy » ¢T2 NO MO right tonsil 


e Flexible laryngoscopy: no evidence 
of disease 


SCCA 


Intraoperative Photos 


© Specimens 


- Right radical tonsillectomy 
- Right neck dissection (levels 2-4) 


© Tumor 
- Size: 2.1 cm 


- Site and laterality: right tonsil with single 


focus 
© Histology 


. 


poe ey 
7 ‘al 


Pathologic Staging 


Surgical Pathology 


- Type: SCCA, conventional, keratinizing 
- Grade: G2, moderately differentiated 


Summary 


- Levels 2-4 


Surgical Pathology 


« Resection: RO 
— Margins of resection: margins free of tumor 


¢ Regional lymph nodes: right levels 2-4 
— 0 of 14 lymph nodes positive 


© Treatment effect: no previous treatment 
e Lympho-vascular invasion: not identified 
© Perineural invasion: not identified 


© Special studies: P16 positive, HPV-associated 
carcinoma 


Multidisciplinary Treatment Plan 


© 56-year-old male with T2 NO MO HPV-associated 


SCCA of right tonsil 
© pT2p No (Stage Il) 


e Invasive, moderately differentiated, 
keratinizing SCCA 


metastasis 


© Status post radical right tonsillectomy and 
selective right neck dissection 

e Margins negative, no perineural invasion, 
no lymphovascular invasion, no lymph node 


¢ Close observation with serial imaging 
and PET-CT scans 

e No adjuvant therapy 
— Complete surgical resection 
— Stage II HPV-positive SCCA right tonsil 
— No adverse prognostic factors 


Integrated media presentation for MDT. (From Simo R, et al. Integrated media 
presentation in multidisciplinary head and neck oncology meetings. Eur Arch Otorhinolaryngol 


2009;266:261-265.) 


made at the MDT meeting and indicates that waiting time 
recorded in this study (median 38 days) does not appear 
to jeopardize the medical safety of patients. The study con- 
cluded that while the quality of decisions made at MDT 
meetings is good, there is a need to improve the quality of 
premeeting workup (20). Likewise focusing on efficiency, 
Nouraei et al performed a systematic analysis of the MDT 
to identify factors delaying treatment planning and imple- 
mented a system-wide Internet-based database. After the 
database was employed, significant improvements were 
made in cross-specialty coordination resulting in statisti- 
cally significantly fewer delays in treatment due to unavail- 
ability of adjunctive investigations. Overall efficiency of 
the MDT was improved by 60% (22). 

In a prospective study, Wheless et al. concentrated on 
the efficacy of the MDT in altering diagnosis, stage, and 
treatment plan in patients with head and neck cancers. The 
study population consisted of 120 patients, and 27% over- 
all had some change in tumor diagnosis, stage, or treat- 
ment plan after MDT presentation. Change in treatment 
plan occurred in one out of every five patients (18.3%). 


Treatment changes were significantly more common in 
cases of malignant tumors (24% vs. 6% benign tumors) 
and typically involved escalation in management by add- 
ing multimodality care (23). 

As the management of head and neck tumors has 
become increasingly complex with multiple treatment 
modalities, the multidisciplinary tumor approach has 
become critical in optimizing treatment planning and 
patient outcomes. The available data show that tumor 
board meetings significantly affect diagnosis, treatment 
decisions, and delays in appropriate care. Many argue that 
multidisciplinary tumor boards are essential to managing 
head and neck cancer patients and represent a new stan- 
dard of care (23). 


Patient safety is a serious public health issue and is funda- 
mental to achieving quality health care. In recent years, the 
importance of improving patient safety has been a priority 
both nationally and globally. It is also one of the core goals 
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defined by the IOM. Compared to health care, industries 
with a perceived higher risk such as aviation have much 
better safety records. There is a one in 1,000,000 chance of 
an aircraft traveler being harmed during a flight. In com- 
parison, there is a one in 300 chance of a patient being 
harmed while receiving health care. The economic benefits 
of improving patient safety are compelling. Studies show 
that additional hospitalization, litigation costs, infections 
acquired in hospitals, lost income, disability, and medical 
expenses have cost some countries between US$ 6 billion 
and US$ 29 billion a year (24). 


Medical Errors 


Estimates show that as many as 1 in 10 patients is harmed 
on some level while receiving hospital care in developed 
countries. A range of errors or adverse events may lead to 
the injury. The American health care system, one of the most 
advanced and costly in the world, still has an unacceptably 
high number of medical errors. Estimates indicate that 
nearly 100,000 patients die each year from medical errors in 
the United States. In addition, patient safety measures have 
worsened by nearly 1% each year for the past decade (24). 
In an effort to develop a classification system for errors 
in otolaryngology, Shah et al. conducted a retrospective 
anonymous survey to members of the AAO. The survey 
asked participants to disclose any errors that occurred 
in their practice in the last 6 months and to describe the 
error, its consequences, and the corrective measures taken. 
There was an 18.6% (488/2,500) survey response rate with 
216 errors reported by otolaryngologists, including 
78 cases of major morbidity and 9 deaths. From these 
data, errors were classified into several categories: history 
and physical, differential or final diagnosis, testing, surgi- 
cal planning, wrong site surgery, anesthesia-related, wrong 
drug/dilution on the surgical field, technical, retained for- 
eign body, equipment-related, postoperative care, medical 
management, nursing/ancillary, administrative, communi- 
cation, and miscellaneous. The most common errors were 
technical errors (19.3%) and medication errors (13.7%). 
From these data, the authors proposed a “Top Ten Safety 
Recommendations” list for otolaryngologists. It cautions 
against dependence on image guidance for sinus surgery 
and intraoperative nerve monitoring, emphasizes the 
importance of adequate preparation before surgeries with 
testing of necessary equipment and examination of all tests 
and consults, and highlights the effectiveness using the 
“time-out” at the beginning of each procedure (25). 


Patient Safety 


Patient safety research is an emerging field important to 
improve these statistics. The World Health Organization 
(WHO) has developed a set of patient safety research 
core competencies and describes a cycle of five key areas 
of patient safety research. These include measuring harm 
through quantification of morbidities and mortalities, 


understanding the causes of adverse events, developing the 
solutions to reduce patient harm, evaluating the impact of 
solutions, and translating these improvements into policy 
and practice (26). 

Surgery is one of the most complex health interven- 
tions to deliver. More than 100 million people require 
surgical treatment every year for different medical reasons. 
Problems associated with surgical safety in developed 
countries account for half of the avoidable adverse events 
that result in death or disability (24). A current example of 
a tool developed to improve surgical safety and reduce sur- 
gical adverse events is the WHO’s Surgical Safety Checklist. 
Figure 109.3 shows an adapted version of this checklist. 
According to the WHO 2007-2008 pilot study for this 
checklist, the incidence of surgery-related deaths and com- 
plications can be reduced by one-third during major oper- 
ations (9). These results have been reproducible in recent 
studies (27). The use of checklists significantly reduces sur- 
gical morbidity and mortality. 

Helmio et al. detailed the feasibility of implementing of 
the WHO surgical checklist into the process of otorhinolar- 
yngology—head and neck surgery and investigated whether 
it would have an impact on the awareness of safety-related 
issues. A structured questionnaire was given to the operating 
room team 1 month priorto and 1 month after surgical check- 
list implementation. Statistically significant findings after 
checklist implementation included improved verification of 
the patient’s identity and awareness of the patient’s medical 
history, medications, and allergies. Otolaryngologists and 
anesthesiologists more frequently discussed potential critical 
events. The authors concluded that the incorporation of the 
WHO surgical safety checklist into otolaryngology—head and 
neck surgery improved the sharing of patient-related medical 
information between team members (28). 


DISPARITIES IN HEALTH CARE 


One of the critical goals of the IOM’s “Crossing the Quality 
Chasm” focused on establishing equitable care, both on 
the individual and population levels (29). Health care pro- 
viders are to treat all individuals fairly and deliver high- 
quality care regardless of personal characteristics such as 
age, gender, race, ethnicity, education, disability, sexual ori- 
entation, income, or location of residence. More broadly, 
the health care system’s goal is to improve health status 
and reduce disparities among subgroups. Multiple stud- 
ies have examined these disparities among patients with 
head and neck cancer based on demographic factors such 
as race, socioeconomic status, and education. 

Goodwin et al. performed a retrospective analysis evalu- 
ating racial disparities in the incidence and survival of head 
and neck cancer. Data showed that African American males 
have higher age-adjusted incidences and mortality rates 
for laryngeal and oral cavity/oropharyngeal cancers than 
black females, white males, and white females. Similarly, 
age-adjusted mortality rates were higher in black males for 
these subsites. Additionally, African American males have 


Before induction of anesthesia 


Nurse and anesthetist 


© Confirm identity, site, procedure 
and consent with patient 


© Surgical site marked 


© Yes 


© Antibiotic prophylaxis within 
60 min of incision 


© Not applicable—midline or 
bilateral sites © Yes 


© Check anesthesia machine and 
medications 


© Pulse oximeter in place and 
functioning 


© Identify any patient allergies 
© Difficult airway or aspiration risk Surgeon: 


© No 


, steps 
© Yes — Ensure appropriate p 


precautions 


© Risk of >500 mL blood loss 


© No Anesthetist: 


© Yes — Prepare for fluid/blood 


concerns 
replacement as necessary 


Nurses: 


© Confirm sterility 


Before skin incision 


Nurse, anesthetist, and surgeon 
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Before patient leaves operating room 


Nurse, anesthetist, and surgeon 


© Introduce all team members by | © Verbal confirmation of procedure 
and complete instrument counts 


name and role 


© Confirm patients’ name © Read specimen lables aloud 
procedure and site of incision 


© Address any equipment problems 
© Discuss key concerns for recovery 
and management 


© Not applicable 


© Display any essential imaging 
Anticipated critical events 

© Identify critical or non-routine 

© Estimated operating time 

© Anticipated blood loss 

© Recognize any patient-specific 

© Check for any equipment issues 


Figure 109.3 Surgical safety checklist. (From Haynes AB, Weiser T, Berry WR, et al. A surgical safety 
checklist to reduce morbidity and mortality in a global population. N Engl J Med 2009;360:491-499.) 


a lower overall survival for these cancers when controlling 
for stage of presentation (29,30). 

Beitler et al. examined health literacy as a factor in 
access to quality health care, specifically for head and neck 
cancer patients who have undergone total laryngectomy. 
The National Institutes of Health defines health literacy 
as the “degree to which individuals have the capacity to 
obtain, process, and understand basic health information 
and services needed to make appropriate health care deci- 
sions” (31). The patients in this study had dismal results 
with more than half being unable to interpret an appoint- 
ment card or determine the correct time to take a medica- 
tion (32). Such deficiencies may have severe consequences 
on the degree and quality of care these patients receive. 
This can be further translated to highlight the potentially 
serious implications poor health literacy has on access to 
care and overall quality of care. 

Recent head and neck oncology literature emphasizes 
variations in patient care, specifically regarding high-vol- 
ume versus low-volume centers and socioeconomic status. 
Two papers have reported that treatment for head and neck 
cancer is more likely to be concordant with guidelines when 


it is performed at tertiary care centers (4). Additionally, 
treatment at low-volume facilities has been associated with 
higher risk for death in patients with early-stage laryngeal 
cancer (29). Investigators have also reported that care for 
advanced laryngeal cancer in centers other than academic 
medical centers is associated with higher risk for death. 


COST OF CARE 


With the rising price of health care in America, it has 
become increasingly important to practice cost-conscious 
medicine. Utilization reviews use cost analysis and other 
measures to justify appropriate allocation of resources and 
delivery of care. Inefficient care causes costs to increase 
unnecessarily and can negatively affect access to health 
care. Thus, appropriate quality care must be evaluated 
through clinical research to identify what the actual cost 
of care is and where improvements can be made. Yet, few 
studies address this topic, specifically regarding the cost of 
care for patients with head and neck cancer. 

The economics of medicine is not like that of other 
industries; cost can never be fully separated from medical 
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decision making. In a review published in 1989, Eisenberg 
explained that the economic medicine does not imply that 
less money can or should be spent on health care but rather 
that efficient utilization of resources is essential. The review 
goes on to break down clinical economics into three dimen- 
sions of care: types of analysis, points of view, and types 
of cost. There are three types of analysis. Cost identification, 
most frequently used in clinical research, answers the ques- 
tion “what is the cost.” It compares the lowest cost of dif- 
ferent available diagnostic or treatment regimens, assuming 
that the outcomes of each are equal. Cost-effectiveness deter- 
mines the net cost of a service and incorporates different 
outcomes through “cost per unit outcomes” measures. 
Cost-benefit analysis evaluates if the cost is truly worth the 
benefit by describing both aspects in equal units, typically 
currency. The patient, the payer, the provider, and society 
are the four perspectives to be considered. Finally, the types 
of cost are direct medical costs, direct nonmedical costs, 
indirect morbidity and mortality costs, and intangible 
costs. These dimensions of clinical economics are the tools 
used to further evaluate medical costs (33). 

Westin et al. performed a comparative cost-identification 
analysis of total laryngectomy with postoperative radio- 
therapy versus preservation treatment for the larynx with 
chemotherapy/radiotherapy. The same survival was demon- 
strated with each treatment plan, but direct medical costs 
were nearly US$ 3,000 less for the surgical arm. This shows 
cost efficiency, but it has to be weighed against the loss of 
the larynx and its effect on quality of life of the patient (16). 

Dedhia et al. also performed a cost-identification analysis 
of 119 patients undergoing total laryngectomy with bilat- 
eral neck dissections. The study revealed that mean total 
hospital cost for this relatively standardized procedure was 
$29,563 with a range from $10,915 to $120,345. Length of 
hospital stay was noted to correlate with cost. Most of the 
hospital costs were incurred on the day of admission (post- 
operative day 0), primarily attributed to operating room 
costs, which averaged 24% of total hospital costs (34). 

Rabalais et al. evaluated the utility of PET-CT imaging 
for surveillance of neck disease and need for surgical inter- 
vention versus upfront neck dissection for patients who 
were treated with chemotherapy and radiation for cancers 
of the oropharynx with N2 neck disease. The study found 
that in patients who had a complete response to treatment 
at the primary site and neck, upfront neck dissection strate- 
gies had a 0.6% advantage in preventing neck recurrences 
as compared to the PET-CT strategies. The incremental 
cost-effectiveness ratio, that is, the additional cost if upfront 
neck dissection strategies were utilized as compared to 
PEI-CT surveillance per patient cured, was calculated to 
be $3,854,397. This difference was so large because of the 
minimal difference in effectiveness of the strategies (35). 

Further research evaluating the cost and outcomes of 
care will allow the health care system to better allocate 
needed resources and enable the provider to be a better- 
informed patient advocate. 


CONCLUSION 


In order to provide quality health care to the head and 
neck cancer patient, providers and members of the health 
care system must be educated on the benefits of utilizing 
clinical guidelines and pathways. In addition, development 
and utilization must be fostered. Centralized care through 
MODTs can help by facilitating better communication among 
treating physicians and improving access to efficient mul- 
tidisciplinary evaluations for patients. Adverse events and 
patient safety must be carefully examined to reduce medi- 
cal errors and to continually assess where improvements 
can be made. Measures should also be taken to address the 
disparities that exist in health care delivery and find ways 
to decrease them. Finally, appropriate cost analysis of treat- 
ment regimens is needed to ensure that limited health care 
resources are allocated appropriately. 

Quality health care involves system-wide evaluations 
and improvements and is important from the perspec- 
tive of the individual caregiver. The described principles of 
patient care stem from the basic medical ethics that guide 
each provider in conscientious medical decision making. 
Incorporating these components into everyday care will 
make for better providers and also aid in system-wide 
changes and improvements to provide the optimal care for 
patients. 


= Clinical guidelines and pathways incorporate EBM 
to provide individualized care for the head and neck 
cancer patient. 

m MDTs incorporate clinical experience with EBM and 
provide the opportunity for the creation of indi- 
vidualized treatment protocols for diverse head and 
neck cancer patients. 

m= Multidisciplinary approaches incorporating clini- 
cal, functional, social, emotional, and rehabilita- 
tive aspects of patient care permit a comprehensive, 
effective, and efficient mechanism for management 
of the complex care of head and neck cancer patients. 

= Cost-effective medicine is a crucial component to 
ensuring the appropriate utilization and allocation 
of limited health care resources. 

m Providers of head and neck cancer care should be 
aware of the disparities in health care and address 
them through improved patient education. 

m Few disease-specific guidelines exist for head and 
neck cancer care, and there is a significant need 
for development of clinical guidelines and incor- 
poration of clinical pathways dedicated to various 
aspects of care of the head and neck cancer patient. 
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Principles of Radiation 
Oncology 


Umamaheswar Duvvuri Gregory J. Kubicek 


Radiation oncology plays an important role in the treat- 
ment of head and neck cancers, both in the adjuvant and 
the definitive setting. Radiation is an important modality 
and has a large influence in terms of both survival and 
toxicity for patients. The field of radiation oncology is 
rapidly evolving, and head and neck oncologists should 
be aware of some of the important and changing fea- 
tures of this field to ensure that the patients they refer 
are treated appropriately. The goals of this chapter are 
to review the fundamental basis of radiation oncology 
(radiobiology), to describe some of the everyday aspects 
of radiation therapy delivery and toxicity, and finally to 
describe some of the new innovations in the field of radi- 
ation oncology. 


Radiobiology describes the effects of ionizing radiation on 
the cellular level. Ionizing radiation induces cell death via 
DNA damage. DNA damage occurs when radiation inter- 
acts directly with the DNA strand or, more commonly, 
when the radiation interacts with a water molecule with 
secondary DNA damage. When ionizing radiation hits a 
water molecule, it forms free radicals; these free radicals 
are very unstable and, if formed in the vicinity of the DNA 
strand, are able to inflict damage. 

DNA damage does not always lead to cell death; the cell 
has the capability of repairing radiation-induced damage 
to DNA. The rate and capability for repair are different for 
different types of cells. In general, more rapidly growing 
cells are more susceptible to damage from radiation (the 
process of cell division makes the DNA more susceptible 
to damage and also DNA damage is declared during DNA 
division). This is why the mucosa of the oral cavity (which 
is always dividing and being replaced) is very sensitive to 
the effects of radiation. In general, normal tissues have 
greater capacity for DNA repair than cancer tissues; one 
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of the rationales for fractionation of radiation is to allow 
repair of normal tissues during fractions. 

The more radiation damage that is inflicted upon a 
population of cells, the more cell death; the initial radia- 
tion dose causes damage to the cell population but does 
not necessarily cause cell death. As the radiation damage 
accumulates, cell death starts to occur. A simplistic way to 
view this is to imagine that both strands of the DNA must 
be damaged before the cell is irreversibly killed; the initial 
dose of radiation is most likely to damage a number of sin- 
gle strands and occasionally both strands in a single cell. 
As radiation dose continues, it becomes more likely that 
double-strand damage occurs in more cells and thus causes 
cell death. During the initial (single strand) DNA damage, 
there is potential for the cell to repair the single-strand 
break and undo the radiation damage. The differential 
ability for DNA repair has led to the terms “radiosensitive” 
and “radioresistant.” Although the exact terms are very 
subjective, the basic principle is that some types of cells 
and tumors have very little repair ability and die rapidly 
from even low doses of radiation. On the other side are 
“radioresistant” tumors; such tumors have ability to repair 
DNA, which makes them less likely to undergo cell death 
from radiation damage. Some typical radiosensitive tumors 
include lymphomas, while radioresistant tumors include 
sarcomas and melanomas. In Figure 110.1 we have three 
cell populations; cell population A would be radiosensitive 
(note the lack of a shoulder region and the immediate lin- 
ear decline in surviving cells; such a curve is seen in blood 
cells that lack any repair mechanisms). Population C has 
a wide shoulder representing a radioresistant cell popula- 
tion; the initial portion of the curve is where cell repair is 
occurring preventing death from the radiation. 

In addition to the capacity for DNA repair, another 
component that affects radiation sensitivity (and the slope 
of the cell death curve) is oxygenation. Under hypoxic 
conditions, it is thought that the free radicals, which are 


Surviving Fraction 


Dose 


Figure 110.1 Three cell populations showing different levels of 
sensitivity to radiation. Cell population A would be radiosensitive 
(note the lack of a shoulder region and the immediate linear de- 
cline in surviving cells, such a curve is seen in blood cells that lack 
any repair mechanisms). Population C has a wide shoulder repre- 
senting a radioresistant cell population; the initial portion of the 
curve is where cell repair is occurring preventing death from the 
radiation. 


responsible for DNA damage, can be scavenged by the 
hypoxia-induced acidic environment and that oxygen itself 
may play a role in continuing the cascade of the free radi- 
cal formation. Large tumors tend to grow faster than their 
blood supply, leading to hypoxic areas in the center of 
large tumors. This phenomenon is thought to contribute 
to the relatively poor control rates for large head and neck 
cancers treated with ionizing radiation. 


DOSE AND DELIVERY 


The most commonly used form of radiation is photons, 
but other particles can also be used, including electrons, 
protons, neutrons, and carbon ions. Electrons are widely 
available but not as commonly used as photons. Electrons 
have a short depth of penetration; this allows for good 
dose to the surface and minimal dose to deeper levels (e.g., 
6 MV electrons will deposit 90% of their energy 2 cm into 
tissue). Because of the dose distribution, electrons are a 
very good treatment option for the treatment of skin can- 
cers. Protons and carbon ions are other forms of radiation 
and are less frequently used. Protons, neutrons, and car- 
bon ions (referred to as heavy particle radiation) are not 
produced by normal radiation oncology linear accelera- 
tors and require special (and very expensive) accelerators 
to produce this type of radiation (see below for a more 
detailed description of proton radiation oncology). 

It should be noted that all types of radiation work via 
the same basic mechanisms although some of the logis- 
tics of delivery are different. For photon radiation (usually 
just described as radiation), the radiation is produced by a 
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Figure 110.2 Linear accelerator. 


linear accelerator (Fig. 110.2). The patient lies on the treat- 
ment table, and the linear accelerator rotates around the 
patient to deliver the radiation. In order to ensure that the 
patient is not moving while the radiation is being deliv- 
ered, an immobilization device is used; for HNC this typi- 
cally consists of the thermoplastic head mask (Fig. 110.3). 

Radiation is described in terms of dose; the common 
convention for dose is the gray (Gy). The definition of a 
Gy is the amount of energy dose absorbed per unit mass 
(1 Gy = 1 J/kg). Less often used is rads, 1 rad is equal to 0.01 
Gy. The typical total dose for treatment of HNC is 60 to 
66 Gy for adjuvant radiation and 70 to 74 Gy for defini- 
tive radiation. By comparison, doses for lymphoma would 
be 30 to 40 Gy, and the dose for a computed tomography 
(CT) scan is 0.1 to 0.2 Gy. 

The total dose of radiation is divided into smaller doses 
called fractions. The dose for a fraction of radiation is usu- 
ally between 1.8 and 2.0 Gy, although there can be a wide 
range (e.g., the dose for radiosurgery in the treatment of 


Figure 110.3 Thermoplastic head mask used for immobilization. 
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trigeminal neuralgia can be as high as 80 Gy in a single 
fraction). The purpose of delivering the total dose of radia- 
tion as a number of smaller fractions is to take advantage 
of normal tissue repair of DNA damage. For the most part, 
normal tissues have a much greater ability for DNA repair 
than do cancer cells. Thus, if damage is incurred to both 
normal tissues and cancer cells, the normal tissues will 
repair themselves while the cancer cells will die (this is not 
completely accurate as there is still a lot of normal tissue 
damage as discussed later). 

The interplay between dose and fraction is sometimes 
referred to as “radiobiologically equivalent dose.” Several 
mathematical models exist to convert from one dose and 
fractionation to another dose at a different fractionation 
(e.g., in terms of spinal cord tolerance, at 3 Gy per frac- 
tion, the maximum dose is 30 Gy, whereas at 2.0 Gy per 
fraction, the maximum dose is 45 Gy). The differential 
in repair between normal and cancer cells is magnified 
as radiation is delivered over a long period of time. This 
allows for improvement of the toxicity profile and mini- 
mizes toxicity to normal tissues. 


FRACTIONATION AND TREATMENT 
TIME 


The most common fractionation pattern is to deliver 
the radiation every day (Monday through Friday) and is 
referred to as “conventional” or standard fractionation. 
Hypofractionation is delivering less than one fraction per 
day (typically done in radiosurgery where the fraction is 
given every other day). Hyperfractionation is delivering 
more than one fraction per day. While there is repair of 
normal tissue DNA between radiation fractions, there is 
also (hopefully to a lesser extent) repair of cancer DNA and 
potential growth of the cancer itself. In order to decrease 
this risk, there have been several studies that have investi- 
gated the potential advantages of hyperfractionation. 

The most well-known study is RTOG 90-03 (1). In this 
study, patients with stage III] and IV HNC where random- 
ized to conventional radiation (standard arm), hyperfrac- 
tionation with twice daily treatments, hyperfractionation 
with twice daily treatments with a planned 2-week break 
during the radiation, and accelerated hyperfractionation or 
concomitant boost (which consists of daily radiation until 
the final 12 treatments at which time radiation is given 
twice daily). The results of this study showed an improve- 
ment in local control in the hyperfractionation and acceler- 
ated hyperfractionation arms (survival had a trend toward 
improvement, but did not reach statistical significance). 
Several other studies have shown similar results including 
DHANCA where patients were randomized to five versus 
six treatments per week, and local control was found to be 
improved with the six fraction regimen (5 year local con- 
trol 70% vs. 60%) (2). 

It should be noted that while tumor control appears to 
be improved with a reduction in treatment time, there is 


also an increase in acute toxicity (the normal tissues now 
have less ability to repair). However, the studies have not 
found a significant increase in late toxicity. 

While hyperfractionation appears to be one method 
to improve outcome, chemotherapy is another. 
Chemotherapy has been shown to improve outcome ver- 
sus radiation alone in both the definitive and the adjuvant 
setting. Brizel et al. (3) found that concomitant chemo- 
therapy delivered with hyperfractionation provided bet- 
ter locoregional control than hyperfractionated radiation 
alone (70% vs. 44%). Brizel et al. (4) performed a math- 
ematical analysis of the data obtained from RTOG 90-03 
to determine what the impact of chemotherapy was on the 
radiobiologically equivalent dose. They determined that 
a 1% increase in radiobiologically equivalent dose lead 
to a 1.1% increase in locoregional control. Similarly, the 
addition of chemotherapy effectively increased the total 
radiobiologically equivalent dose by about 10 Gy. The 
authors concluded that this increase in effective radiation 
dose could not be safely achieved by simply increasing the 
amount of radiation delivered to the patient. 

RTOG 0129 (5) set out to examine if chemotherapy (cis- 
platin 100 mg/m? every 3 weeks) plus hyperfractionated 
radiation (concomitant boost) was better than the same 
chemotherapy plus standard (once daily) radiation. The 
study did not find a difference between the two arms, and 
given the increase in acute toxicity and logistical difficulties 
with hyperfractionation, most institutions use once daily 
treatments for locally advanced HNC treated with chemo- 
radiotherapy. 

In summary, based on the known benefits of chemo- 
therapy and the negative RTOG 0129 study, hyperfraction- 
ation is typically only used for patients who cannot get 
chemotherapy and have to be treated with radiation alone. 

The overriding principle for the benefits of hyperfrac- 
tionation is that a reduction in overall treatment time 
corresponds to an improvement in tumor control. The 
opposite is also true; when the overall treatment time is 
extended, tumor control decreases (6-9). RTOG (6) looked 
at the importance of treatment time in HNC radiation and 
found that local failure increased when the total treatment 
time (from surgery to completion of radiation) exceeded 
11 weeks. This is why treatment breaks should be avoided 
unless absolutely necessary. 


RADIATION ONCOLOGY PLANNING 


The first step in radiation oncology planning is consulta- 
tion with a radiation oncologist to examine the patient and 
discuss the risks and benefits of therapy. After this, a radia- 
tion planning CT scan is performed. This is similar to a 
diagnostic CT scan except that the CT scan is performed 
with the patient in the same position as they will be when 
receiving the daily radiation treatments. In order to reduce 
setup error between and during treatments, patients will 
have a plastic mask made that conforms to their facial 


anatomy (Fig. 110.3). Because of the special positioning 
(including the mask), a diagnostic CT scan cannot be used 
as a substitute for a radiation planning scan (although the 
information from a diagnostic CT scan can certainly be 
used to help in planning). Sometimes a positron emission 
tomography (PET) scan can be done at the same time as 
radiation planning (see section on PET scans). 

After the radiation planning scan has been performed, 
the radiation oncologist will begin planning the radiation 
beams. This process has evolved over time (see below) but 
in all cases involves distinguishing normal structures from 
areas that are targeted for radiation. Several terms are com- 
monly used to describe this process (Table 110.1). Gross 
tumor volume (GTV) represents the areas of actual tumor; 
this can be defined either radiographically (CT, PET, MRI) 
or clinically. In patients who have had surgery, there 
should not be a GTV since there is no longer any gross dis- 
ease. Clinical tumor volume (CIV) defines areas that are 
at risk for harboring microscopic disease (such as lymph 
node basins); there can be discrepancy between different 
physicians in deciding the CIV volumes (e.g., does the con- 
tralateral neck need to be covered in a patient with tonsil 
cancer). Planning tumor volume (PTV) is a small expan- 
sion on the CTV or GTV to account for errors in daily setup. 
A typical PTV expansion is 0.3 to 1.0 cm. At our institu- 
tion, we use daily imaging verification to reduce random 
setup error and are able to use a smaller PIV margin (3 to 
5 mm). Organ at risk (OAR) is defined as normal tissue 
that is not involved with cancer and needs to be protected 
from radiation (examples include the spinal cord, parotid 
glands, mandible, etc.). Depending on the degree of risk, 
different areas will receive different doses of radiation. For 
example, the gross disease (GTV) will typically receive 70 to 
74 Gy; areas of low risk (uninvolved lymph node basins) 
are treated to 50 to 54 Gy, while intermediate risk regions 
receive 60 to 66 Gy (Table 110.2). 


TABLE 
ORADIATION TERMS 


110.1 


Term Definition 


Hyperfractionation Delivery of more than one fraction of 
radiation a day 

Delivery of less than one fraction of 
radiation a day 

Gross disease as defined by radiology 
and physical exam 

Areas at high risk for microscopic tumor 
involvement 

Treatment field, which includes margin 
for setup error and other uncertainty 

Normal structure (such as spinal cord) 
that must be protected to some 
extent from radiation 


Hypofractionation 
Gross tumor volume 
Clinical tumor volume 
Planning tumor volume 


Organ at risk 
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TABLE 
110.2 TARGET DOSES 


Target Dose Range Description 
High risk 70-74 Gross disease plus small margin 
Intermediate 60-66 In adjuvant setting, tumor bed 


risk and resected but involved 
lymph node basins. In 
adjuvant or definitive setting, 
lymph node basins at high risk 
for failure 

In adjuvant and definitive 
setting, uninvolved lymph 
node basins at low risk for 
failure 


Low risk 50-54 


After the radiation oncologist has distinguished the 
different target volumes, there is some time required for 
the radiation planning (mapping out the number and 
direction of the radiation beams) done by a dosimetrist 
and physicist. This can take anywhere between 10 minutes 
and 3 days depending on the complexity of the plan. 
When the radiation plan has been completed, the radia- 
tion oncologist will evaluate the plan to make sure that 
the target volumes (GTV, CIV, PTV, etc.) are adequately 
covered by radiation dose while simultaneously sparing 
the normal structures (OARs). There are general guidelines 
for how much radiation dose a normal structure can tol- 
erate (Table 110.3). In order to evaluate a radiation plan 
and determine if it is safe for normal structures (OARs), 
a dose volume histogram (DVH) is constructed. A DVH 
plots percent volume of a structure versus the radiation 
dose. Oftentimes in order to cover the tumor, it is neces- 
sary to deliver radiation doses beyond tolerance to some 
normal tissue; this can lead to some of the long-term tox- 
icities of radiation (discussed later). In the DVH shown 
in Figure 110.4 (patient with left base of tongue cancer), 
we see that the right parotid is being spared, because of 
the location of the tumor; the left parotid, being too close 
to the tumor, will receive dose that will likely make the 


U5) NORMAL STRUCTURE DOSE 
yee) TOLERANCE 


Structure Dose Limit Toxicity 
Spinal cord 45 Gy (point dose) Paralysis 
Mandible 70 Gy Osteoradionecrosis 
Parotids 25 Gy (50% of gland) Xerostomia 
Pharyngeal con- 55 Gy (50%) Swallowing 
strictor muscles difficulties 
Optic chiasm 54 Gy Blindness 
Lens 10 Gy Cataracts 
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Figure 110.4 Dose volume histogram. This plots the percent volume of a structure (y-axis) versus 
the radiation dose (x-axis). In this DVH we see that the right parotid is receiving less radiation than 


the left parotid. 


parotid nonfunctional (as seen in Table 110.3, the dose 
limit for parotid glands is 25 Gy at 50% of the organ; 
in Figure 110.4 we see that right parotid is getting about 
25 Gy to 50% of the organ whereas the left parotid is getting 
25 Gy to greater than 70% of the organ). 

A typical time from consult to the start of radiation is 
a week to 2 weeks; this can be longer if a dental extraction 
is required or if patients are not compliant with appoint- 
ments. As discussed above, overall treatment time is a very 
important metric in HNC outcomes; this is why it is valu- 
able to have the consultation with the radiation oncologist 
within the first week of surgery for patients who may need 
adjuvant radiation. This allows everything to be set up and 
ready to start without undue delay. 

The radiation therapy is typically delivered once daily 
(see above for discussion on fractionation). A typical treat- 
ment time is 5 to 10 minutes, and the entire session will be 
completed in about half an hour (time from in the door to 
out the door). The radiation oncologist will see the patient 
at a minimum of once per week; oftentimes there will also 
be weekly appointments with nursing and dietary staff as 
well. A typical course of radiation is 7 weeks for a definitive 
case and 6 weeks for adjuvant. 

More details on the indications for adjuvant radiation 
are available in individual chapters, but in general, radiation 
is recommended in the adjuvant setting for positive lymph 
nodes, large tumor size (T3 or T4), perineural invasion (PNI), 
and positive surgical margins. Chemotherapy is added to 
radiation in the setting of positive margins and extracapsular 
extension (ECE) of a lymph node (see Table 110.4). 


RADIATION DELIVERY 


As computer technology continues to improve so does the 
delivery of radiation. Radiation delivery has evolved over 
time and continues to improve. The most basic system for 
radiation delivery is 2D (two dimensional) and involves 
planning the radiation from plain x-ray films. For 2D radia- 
tion delivery, a radiation planning CT scan would not be 
used. In 3D (three-dimensional) radiation delivery, an extra 
dimension is added to 2D planning; this incorporates imag- 
ing data from the CT scan used for radiation planning. 3D 
planning has the advantage of being able to accurately cal- 
culate doses to normal structures. The next step in radiation 
oncology evolution is intensity-modulated radiation ther- 
apy (IMRT). IMRT improves upon 3D radiation planning 


Le 5) INDICATIONS FOR RADIATION AND 
se) CHEMORADIATION 


Recommendations for adjuvant radiation 
+ margins 

+ lymph nodes (N+) 

Large tumor size (T3, T4) 

Perineural invasion 


Recommendations for adjuvant chemoradiation 
Extracapsular extension 
+ margins 


by using multiple radiation beams (referred to as beamlets) 
from different directions, all of which can potentially have 
different intensities of radiation. IMRT allows the radiation 
dose to “bend” around normal structures. In Figure 110.5 
is a patient who had both a 3D and an IMRT plan. In the 
3D plan, there is a beam from the right and a second beam 
from the left; everything in the radiation field gets a fairly 
high dose of radiation. In the IMRT plan, the dose is able 
to be shaped and bent; this allows less the radiation dose 
to the parotid glands to be drastically reduced. The conse- 
quence of this is an increase in the low-dose region with 
the IMRT plan as compared to the 3D plan (bottom row 
of Fig. 110.5). IMRT involves a large amount of planning. 
While a 3D plan can be generated within an hour, an IMRT 
plan can take up to a week to plan. The main catalyst for 
the evolution from 3D to IMRT is the multileaf collimator 
(MLC), an attachment to the head of the linear accelerator 
that allows the radiation beams to be modulated. MLCs are 
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relatively cheap and easy to implement. As a result, IMRT is 
available essentially everywhere that radiation is available 
(at least in the United States). 

There are obvious advantages to IMRT; with reduction 
in dose to normal structures, there is a reduction in the 
likelihood of late radiation-induced toxicity. As shown in 
Figure 110.5, the radiation dose delivered to the parotid 
glands is reduced; this will hopefully result in a reduction 
of xerostomia. However, IMRT also has some significant 
(and perhaps underappreciated) disadvantages. First of 
all, IMRT takes significantly longer to plan and is much 
more expensive than 3D. For patients with rapidly grow- 
ing or bleeding tumors, it often makes sense to start with 
a 3D plan, which can begin rapidly and then convert to 
an IMRT plan to complete the radiation. Another disad- 
vantage is the distribution of low-dose radiation. While 
Figure 110.5 shows a clear reduction in the areas of high 
radiation dose, we also see an increase in the low dose 


Figure 110.5 IMRT versus 3D plan The left hand column is a 3D plan (two opposed lateral beams). 
The right hand is the same patient with an IMRT plan. Notice that the top row is the high-dose 
region and it is much more conformal in the IMRT plan. The bottom row is the low-dose region and 


is much larger in the IMRT plan. 
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of radiation. In IMRT there is a significantly higher vol- 
ume of tissues getting a low dose of radiation. The volume 
of low-dose radiation has some repercussions. There are 
toxicities that are seen in IMRT that were not seen in 3D 
planning; one of these side effects is nausea from radia- 
tion beams going through the brainstem. If the radiation 
oncologist does not mark an area as an OAR, the computer 
will not see it as being at risk, and this area will receive 
higher doses of radiation in the computer’s attempt to 
spare areas that were marked as OARs. Another concern 
of the low-dose volume in IMRT is that this might confer 
a higher chance of a radiation-induced cancer. This risk is 
mainly theoretical, although it should be noted that IMRT 
has only been used in high volume recently and the aver- 
age time to develop a radiation-induced cancer is 10 to 
20 years. Figure 110.6 represents a typical IMRT plan fora 
base of tongue cancer. 

Most of the date describing IMRT outcomes is retro- 
spective, but there are some limited phase III data. The 
published level I evidence consists of two randomized 


prospective trials treating nasopharyngeal cancer (NPC). 
Similar in design, each trial randomized locally advanced 
NPC patients between conventional radiation and IMRT 
along with concurrent chemotherapy. The results showed 
that salivary gland (parotid) function was significantly 
and dramatically improved in the IMRT arms in both stud- 
ies. Kam et al. (10) found a reduction in observer-rated 
xerostomia from 82.1% with conventional radiotherapy 
to 39.3% with IMRT and also measured improvements 
in measured parotid flow rates. Similarly, Pow et al. (11) 
found an improvement in stimulated saliva flow with 
IMRT and also found that patients treated with IMRT had 
an improvement in patient-reported quality of life scores. 
The primary end point for both studies was parotid func- 
tion; neither trial was powered or intended to examine 
the role of IMRT in disease control or overall survival. 
Retrospective data in both nasopharyngeal (12-15) and 
nonnasopharyngeal HNC (16-21) compare very favor- 
ably to historical norms. It should be noted that the 
essentially all of the phase III HNC data acquired thus far 


Figure 110.6 Base of tongue IMRT plan. 


are from 2D or 3D radiation planning but that the gen- 
eral acceptance of IMRT technology has led to its inclu- 
sion in RTOG trials; RTOG 0234 and 0522 are the first 
major US cooperative group studies incorporating IMRT 
into radiotherapy planning. 


RADIATION TOXICITY 


Radiation has multiple side effects and toxicities, some 
of which occur during treatment (acute) and others that 
occur months to years after therapy (late). If chemotherapy 
is added to the radiation, there is a significant increase in 
the rate of acute toxicities, although late toxicities appear 
to be similar. There is a significant amount of variation 
between patients and how the radiation is tolerated, but 
some general remarks can be made. During radiation, the 
first 2 weeks typically proceed without much difficulty 
unless the first round of chemotherapy causes toxicity 
such as nausea and vomiting or dehydration. After the sec- 
ond week, the acute radiation steadily escalates; toxicities 
include pain (sore mouth and sore throat) from mucositis, 
taste changes, loss of facial hair (in treatment field) and 
skin irritation, thick mucus, and dry mouth. These toxici- 
ties will typically escalate until they plateau around week 
5 to 6 and remain constant through the remainder of the 
therapy. The majority of patients state that pain is the most 
difficult of the side effects and often requires narcotic med- 
ications. 

After the completion of radiation, the side effects slowly 
subside. The first-week postradiation remains a difficult 
time with modest improvement in pain and other side 
effects; around the 2-week mark, patients begin to feel 
some noticeable improvement in toxicity, and this contin- 
ues for the next several weeks. Skin breakdown typically 
heals in about 2 weeks, thick mucus resolves around week 
3 to 4, and the pain improves but is often still present 
until 8 to 12 weeks after radiation. Fatigue and ability to 
return to work are dependent on a number of factors, but 
in general most patients are able to return to work around 
8 weeks after radiation. 

In addition to the acute toxicities, there are a number 
of late radiation associated side effects. One of the most 
common side effects is xerostomia (dry mouth) from 
damage to the salivary glands; this sometimes responds 
to pilocarpine (Salagen), but oftentimes patient will need 
to carry a bottle of water around and may have difficulty 
swallowing dry meats and breads. Taste changes typically 
resolve by 3 months after radiation although patients may 
have some food items that never regain taste and develop 
intolerance to spicy foods (which taste too spicy). Some 
late side effects that develop months and even years after 
the radiation include hypothyroidism, neck fibrosis, 
carotid artery stenosis, osteoradionecrosis (the incidence 
of which can be increased by dental work after radiation), 
and dysphagia with concomitant aspiration. As seen in 
Table 110.3, there are general dose guidelines for how 
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much radiation certain tissues can tolerate. Radiation 
tolerance doses are put together by a combination of 
retrospective studies and animal studies and while this 
data are tentative for obvious reasons cannot be easily 
expanded upon. 

In general, toxicity rates are poorly documented and 
recorded; hence, a wide range of toxicity rates are reported 
in the literature. Machtay reported on the toxicity with 
chemotherapy and non-IMRT radiation in several RTOG 
studies; 43% of patients had severe late toxicity, mostly 
consisting of pharyngeal and laryngeal dysfunction (22). 
Eisbruch and coworkers recently published their prospec- 
tive data using IMRT to treat oropharyngeal tumors (23). 
Swallowing function was assessed by two methods, vid- 
eofluoroscopy and subjective symptom score assessment. 
Videofluoroscopy demonstrated that on average, mild pre- 
treatment dysphagia progressed to moderate dysphagia 
after chemoradiotherapy. While many patients experienced 
recovery of swallowing function, some patients never had 
full recovery. 


INNOVATIONS IN RADIATION 
PLANNING 


In addition to IMRT, there have been several other inno- 
vations in radiation therapy, which have promise to 
improve outcomes in HNC. Some of the recent innova- 
tions in HNC radiation oncology have included incorpo- 
ration of imaging such as PET scans, proton therapy, and 
radiosurgery. 

One major innovation to the treatment of HNC has 
been PET scans. While the imaging aspect of PET scans is 
described elsewhere, there is also an important role for PET 
scans in radiation treatment planning. Geets et al. (24) 
reported that the use of pretreatment FDG-PET in combi- 
nation with pretreatment CI or MRI improves target defi- 
nition in oropharyngeal cancer and results in more normal 
tissue sparing. The same group also examined the role of 
PET contouring in larynx cancer, by comparing standard 
imaging techniques and PET findings with the pathologic 
specimens (25). They reported significantly smaller target 
volumes when targets were drawn on FDG-PET as opposed 
to CT scan. PET-based tumor volumes also showed better 
correlation with pathologic findings compared with CT, 
both for the primary tumor and the locoregional lymph 
nodes (26). Long-term clinical data are emerging; favor- 
able 3-year overall state and disease-free survival rates have 
been shown in IMRT patients who all had PET-based con- 
touring (27). 

Proton therapy represents another possible evolution 
in radiation oncology. Protons are fundamentally different 
than photon radiation and are attractive because of its the- 
oretical dose distribution in normal tissue. Photons lose 
energy slowly as they travel through tissue; energy is depos- 
ited in the tumor but is also in the normal tissue both in 
front and in back of the tumor. Protons on the other hand 
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have very low energy loss until they reach a certain depth at 
which point all of the proton’s energy is released at once. 
Tissue distal to this point has almost no radiation dose. 
This sudden peak in dose is known as the “Bragg peak” and 
can allow the proton beam to be targeted on the tumor 
and has very little dose to normal structures on the other 
side (very little exit dose). Theoretic plans have been cre- 
ated testing conventional IMRT versus intensity-modulated 
proton therapy, showing a significant advantage in tumor 
coverage and normal tissue sparing with the intensity- 
modulated proton therapy plans (28,29). It should be 
emphasized that these were theoretic plans and not actual 
treatments. Currently, most proton treatments are given 
with conventional (3D; anteroposterior—posteroanterior, 
lateral) proton beams. 

Protons are currently only available in a limited num- 
ber of centers, and experience and published results are 
very limited, especially in the treatment of head and neck 
cancer. The majority of reported results of proton therapy 
in head and neck cancer involve rare and difficult to treat 
tumors, such as chordomas and other skull-base tumors 
(30). A small series from Loma Linda looked at 29 oropha- 
ryngeal HNC patients treated with a proton boost (66% of 
the radiation was delivered via photons); the study showed 
good local control and toxicity (31) but larger and more 
heterogeneous series are certainly needed. 

Another radiation oncology innovation is radiosur- 
gery. Radiosurgery is similar to IMRT in the delivery of the 
photon radiation; the only difference between conven- 
tional radiation and radiosurgery is in patient immobi- 
lization and image verification techniques. Radiosurgery 
requires very stringent immobilization and alignment 
techniques; this allows for high doses of radiation to be 
delivered in a highly conformal manner. There are mul- 
tiple platforms that can be used for delivery of radiosur- 
gery; some of the common devices include CyberKnife, 
Gamma Knife, Trilogy, and TrueBeam. Although some 
of the details differ, the basic performance for all of the 
machines capable of radiosurgery is similar. Because of 
the precise nature of radiosurgery, much higher doses 
per fraction can be used, which allows for fewer over- 
all fractions. For example, in the treatment of early-stage 
lung cancer, 3 fractions of 20 Gy per fraction is a com- 
mon radiosurgery schedule as compared to 35 fractions 
of 2 Gy per fraction for nonradiosurgery HNC. Most 
of the radiosurgery data in radiation oncology are in 
the treatment of central nervous system (CNS) disease 
(such as brain metastatic lesions) and in early-stage lung 
cancer. However, there are growing data in the use of 
radiosurgery in the treatment of head and neck cancer 
(32). Radiosurgery in the HNC setting is most often in 
recurrent HNC; the current approach at our institution 
is to use radiosurgery (40 to 44 Gy in five fractions) for 
patients with recurrent HNC that is not amenable to sur- 
gical salvage. This is a growing field and will certainly 
continue to evolve. 


= Conventional fractionated irradiation therapy is 
undertaken to allow normal tissue repair of DNA 
damage between fractions while cancer cells die. 

m Hyperfractionation (more than one fraction per 
day) appears to improve outcome in patients treated 
with radiation alone. However, it is also associ- 
ated with increased acute toxicity, and the benefit 
appears to be lost in patients treated with both radi- 
ation and chemotherapy. 

= Common indications for radiation include T3-T4 
tumors, positive lymph nodes, and positive or close 
margins, PNI. 

= Tumor control decreases when total treatment time 
exceeds 11 weeks. 

m Use of IMRT allows for the sparing of normal tissues 
such as parotids, mandible, and pharyngeal con- 
strictor muscles. 
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Chemoradiation 


Christine G. Gourin 


The addition of chemotherapy to radiation treatment, 
often referred to as chemoradiation, has been increasingly 
used since initial clinical trials in the 1990s showed that 
chemoradiation achieved comparable survival outcomes 
to surgery with postoperative radiation for patients with 
stage III advanced laryngeal cancer. Such patients formerly 
were only offered surgery with postoperative radiation; 
radiation alone was less effective than when combined 
with surgery to treat advanced head and neck cancer. The 
findings of these studies, and numerous phase II and III 
studies performed since then, have ushered in a new era for 
patients with head and neck cancer, many of whom can be 
treated with intent to cure using chemoradiation. 

Chemotherapy refers to drugs that are cytotoxic—that 
is, they cause cell death. There are different types of chemo- 
therapy drugs, all with different mechanisms of action that 
result in cell death. Chemotherapy may enhance the effects 
of radiation therapy, but chemotherapy by itself is not a 
curative modality. Though these drugs can result in impres- 
sive initial tumor shrinkage, the drugs may not reach cells 
in the center of the tumor. In addition, tumor cells vary in 
their response to chemotherapy—the less “normal” a can- 
cer cell is, the less likely it is that the cells use normal cell 
growth patterns to divide and grow, and therefore, chemo- 
therapy may not be effective. Head and neck cancer cells 
can also demonstrate resistance, both innate and acquired, 
to chemotherapy. 

Chemotherapy has been shown to increase the effect of 
radiation on tumor cells when used with radiation therapy. 
Chemotherapy acts as a radiosensitizer, making cancer 
cells more sensitive to the effects of radiation and when 
used with radiation, utilizes the radiosensitizing effects of 
chemotherapy as well as the systemic cytotoxic properties 
of chemotherapy. It is indicated for patients with advanced 
stage head and neck cancers, who are at high risk for 
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distant metastases. It is not indicated for patients with pre- 
viously untreated stage I, II, or low-volume stage III disease 
(a small primary tumor with or without a single ipsilateral 
node measuring 3 cm or less in diameter). Initial studies 
of chemoradiation employed induction chemotherapy, 
where three courses of chemotherapy were administered 
several weeks apart: patients with a response to induc- 
tion chemotherapy subsequently received definitive radio- 
therapy, while patients who didn’t respond were treated 
with surgery and postoperative radiation. Induction che- 
motherapy regimens are still in use, but have been largely 
supplanted by concurrent or concomitant chemoradiation, 
where chemotherapy is given concurrently with radiation 
therapy, either as weekly treatments or for a total of three 
treatments during the 6- to 8-week course of radiation ther- 
apy, based on studies showing improved tumor response 
rates with this approach. The use of chemotherapy alone is 
reserved for palliation of patients with metastatic disease. 

The radiosensitizing effect of chemotherapy on radia- 
tion means that the side effects of chemoradiation are 
greater than for radiation alone. All of the side effects asso- 
ciated with radiation occur; however, the mucositis of the 
tissues lining the mouth and throat are more severe with 
the addition of chemotherapy to radiation, and swallow- 
ing difficulties both during and after treatment may be 
more severe in intensity and duration. 


The most commonly used cytotoxic drugs to treat recur- 
rent or metastatic squamous cell cancers of the head and 
neck are cisplatin, carboplatin, docetaxel, paclitaxel, 5-flu- 
orouracil (5-FU), and methotrexate. Activity also has been 
demonstrated for more recent biologic agents that tar- 
get the epidermal growth factor receptor (EGFR) such as 
cetuximab. 


Platinum-Based Agents 


Platinum analogs represent a class of drugs that are plati- 
num complexes, with biologic and chemical similarities 
to alkylating agents. The two platinum analogs used for 
head and neck cancer are cisplatin (cis-diamminedichloro- 
platinum II) and carboplatin (cis-diammine [1,1 cyclobu- 
tanedicarboxylate] platinum II). The major cytotoxic 
action of cisplatin results from the formation of covalent 
adducts with DNA that are capable of blocking DNA repli- 
cation and transcription (1). Cytotoxicity of non-target tis- 
sues is common. Cisplatin is associated with renal toxicity, 
gastrointestinal toxicity largely resulting from mucositis 
with nausea and vomiting, myelosuppression, ototoxicity 
and neurotoxicity including peripheral neuropathy, visual 
impairment, and rarely, seizures. The effects of neurotoxic- 
ity and nephrotoxicity are cumulative with repeated admin- 
istration of the drug; while nephrotoxicity may be prevented 
by aggressive hydration and diuresis, there are no meth- 
ods for preventing or treating neurotoxicity or ototoxicity. 
Cisplatin-induced hearing loss results in loss of outer hair 
cells in the cochlea through generation of reactive-oxygen 
species, which deplete the cochlear antioxidant system (2). 
Hearing loss is usually bilateral and irreversible, and may 
occur in more than 75% of patients treated with cisplatin. 

Carboplatin, in contrast, is associated with lower rates 
of nephrotoxicity and neurotoxicity, with less nausea and 
emesis reported; however, it is somewhat less active than 
cisplatin. Resistance to platinum-based agents may occur 
and can be either intrinsic or acquired. 


5-Fluorouracil 


5-FU is a fluorinated pyrimidine that was synthesized to 
specifically take advantage of the observation that carci- 
noma cells utilize uracil to a greater degree than normal 
cells. The cytotoxic effects of 5-FU result from its conver- 
sion via multiple alternate biochemical pathways to several 
different active cytotoxic forms that inhibit DNA synthe- 
sis by binding with thymidylate synthase with subsequent 
depletion of precursor proteins for DNA synthesis, and 
through incorporation into nuclear and cytoplasmic RNA 
and DNA (3,4). 5-FU is specific for cells in the S phase of 
the cell cycle. Resistance has been correlated with reduced 
levels of enzymes required for 5-FU activation and muta- 
tions in thymidylate synthase that decrease binding affin- 
ity. Side effects are primarily related to bone marrow 
suppression and gastrointestinal mucositis, but dermato- 
logic manifestations including hyperpigmentation, derma- 
titis, and alopecia have been described. Ocular toxicity can 
occur resulting from an acute inflammatory response caus- 
ing conjunctivitis, blepharitis, and epiphora. 

5-FU has synergistic effects with other chemotherapeu- 
tic agents and with radiotherapy and is used in combina- 
tion with other drugs to exploit this effect. 
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Taxanes 


Taxanes represent a class of drugs that specifically target 
mitosis by binding to microtubules, stabilizing them and 
disrupting microtubule dynamics thus inhibiting spindle 
function. Docetaxel and paclitaxel are the most commonly 
used taxanes in head and neck cancer (5). Taxanes induce 
mitotic arrest, which is typically followed by the induction 
of apoptosis (6). Because microtubules are required for 
protein transport as well as cell division, the cytotoxicity 
of taxanes may also result from microtubule dysfunction 
causing dysregulation of motility and transport. 

The toxicity of taxanes is primarily myelosuppression 
with neutropenia, which may be dose limiting, and hair 
loss. Docetaxel is associated with fluid retention and pacli- 
taxel has been associated with peripheral neuropathy and 
arthralgia (6). Neurotoxicity is more common when tax- 
anes are given in combination with platinum-based agents. 


Methotrexate 


Methotrexate is an antifolate antimetabolite that inhib- 
its dihydrofolate reductase, a key enzyme in intracellular 
folate metabolism. This effect is thought to be the main 
mechanism by which methotrexate produces cytotoxicity 
(7). Inhibition of dihydrofolate reductase prevents normal 
thymidylate and purine nucleotide synthesis, which results 
in single- and double-stranded DNA breaks, and leads 
to the accumulation of dihydrofolate polyglutamates, 
which are potent inhibitors of folate-dependent enzymes. 
Additional cytotoxicity may result from transformation of 
methotrexate to polyglutamate forms, which are prefer- 
entially retained within cells. Methotrexate is most active 
against rapidly proliferating cells and active during the S 
phase of the cell cycle. 

The primary toxicities of methotrexate are myelosup- 
pression and gastrointestinal mucositis, although nephro- 
toxicity, hepatotoxicity, and neurotoxicity can also occur. 
Gastrointestinal symptoms and myelosuppression occur in 
a dose-dependent fashion, although myelosuppression can 
occur with even small doses in patients with compromised 
renal function. Acute and chronic hepatic dysfunction has 
been associated with methotrexate use and is dose and 
schedule dependent. Rarely, cirrhosis of the liver has been 
reported. High doses of methotrexate have been associ- 
ated with encephalopathy and dementia. Polymorphisms 
in folate metabolizing enzymes and blood-brain barrier 
transporter genes may increase susceptibility to central ner- 
vous system toxicity (8). 


Biologic Modifiers 


Various biologic agents that target the EGFR pathway are 
under study in combination with chemotherapy, as single 
agents, and as multiple targeted agents. EGFR is highly 
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expressed in virtually all squamous cell cancers of the head 
and neck, and expression is inversely associated with prog- 
nosis. EGFR is a transmembrane receptor belonging to a 
family of ErbB receptors, which contain an extracellular 
ligand binding region and a cytoplasmic tyrosine kinase- 
containing domain. Ligand binding signals receptor auto- 
phosphorylation through intracellular tyrosine kinase 
activity, which triggers a series of intracellular pathways 
leading to cell proliferation, inhibition of apoptosis, activa- 
tion of invasion and metastasis, and neovascularization (9). 
Monoclonal antibodies to the EGFR such as cetuximab and 
panitumumab and small molecule tyrosine kinase inhibi- 
tors such as gefitinib and erlotinib ultimately target tyrosine 
kinase activity with downregulation of pathways including 
the PI3K-Akt, MAPK, Src, and STAT pathways and block the 
proliferation of tumor cells. A major response is seen in 
approximately 10% of patients who are platinum refractory. 

Cetuximab is the only biologic agent in its class 
approved for use in head and neck cancer, although clini- 
cal trials are in progress to test the efficacy of newer agents. 
Compared to conventional chemotherapy agents, cetux- 
imab is associated with less systemic toxicity, but is associ- 
ated with the development of an acneiform rash in 84% of 
patients during treatment, which resolves after discontinu- 
ation of drug (10). 


ADMINISTRATION SCHEDULES 


There are different ways to administer chemotherapy when 
used in conjunction with radiation therapy. Induction che- 
motherapy, sometimes referred to as neoadjuvant chemo- 
therapy, refers to the use of chemotherapy before definitive 
treatment. Concurrent or concomitant chemotherapy is 
given simultaneously with radiotherapy. 

Sequential therapy describes the use of induction chemo- 
therapy followed by concurrent chemoradiation. Adjuvant 
chemotherapy refers to the use of chemotherapy after 
surgery. Treatment recommendations for chemotherapy 
administration vary by primary tumor site, extent of disease, 
and evidence-based data used to support the use of a partic- 
ular chemotherapeutic approach generated by clinical trials. 


CLINICAL TRIALS 


Chemotherapeutic agents used in the treatment of head 
and neck cancer are initially offered in the setting of a clini- 
cal trial. Clinical trials test the efficacy and safety of new 
agents before they are introduced into clinical practice. 
Clinical trials are performed in phases, with each phase 
designed to answer a different research question. 


Phase | Trials 


Phase | trials are designed to test tolerance and safety in 
drugs that have already passed through phase 0 trials, 


which involve animal testing. These trials have a study 
endpoint of determining the maximal tolerated dose 
and toxicity usually through dose escalation; while the 
clinical intent of the eventual use of the drug is efficacy, 
phase I trials are largely safety trials and generally are 
limited to a small number of patients who may have 
a variety of tumor types. The maximal tolerated dose 
determined by phase | trials is then further studied in 
phase II trials. 


Phase II Trials 


Phase II trials are designed to determine the response of 
the tumor to treatment in order to provide an estimate of 
drug activity. The study endpoint is response of tumor to 
treatment, usually measured by a reduction in tumor size. 
Responses may be complete (no measurable disease) or par- 
tial (a 50% or greater reduction in disease), and must last 
a minimum of 28 days to be considered clinically signifi- 
cant. Disease that does not demonstrate a response is graded 
as stable (no change in size) or progressive (an increase in 
tumor burden). If 20% or more of study participants dem- 
onstrate a response of any kind to treatment, the treatment 
is considered to be successful. A secondary endpoint is usu- 
ally toxicity as well. A larger number of patients are required 
for a phase II trial than for a phase I trial. Such trials are 
used to determine if a drug warrants further testing in a 
phase III trial. 


Phase III Trials 


Phase III trials are designed to compare the response of 
the new treatment to a treatment that is already in clinical 
use. This type of study requires large numbers of patients 
to participate in order to detect meaningful differences in 
survival, and usually has strict inclusion criteria limited to 
a particular tumor site or stage. Patients are usually ran- 
domized to treatment arm, which is the gold standard for 
a phase III trial, and the study endpoint is usually survival, 
although toxicity and symptom palliation may be study 
endpoints depending on the clinical research question. 
Phase ILI trials represent level I evidence, which is the best 
evidence to support treatment approaches to head and 
neck cancer (11) (Table 111.1). 


USE OF CHEMOTHERAPY IN HEAD 
AND NECK CANCER 


Chemotherapy is used in the management of advanced 
head and neck cancers as initial treatment when admin- 
istered with radiotherapy for organ preservation or for 
locally advanced, unresectable disease; in the postop- 
erative setting concurrent with radiotherapy for high- 
risk disease; and for palliation of recurrent, inoperable 
disease. 


TABLE 
uh) OF EVIDENCE 
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OXFORD CENTRE FOR EVIDENCE-BASED MEDICINE—LEVELS 


Therapy/Prevention or Etiology/ 


Level Harm Study 

la SR? of randomized controlled trials 
1b Individual randomized controlled trial 
2a SR of cohort studies 

2b Individual cohort study® 

2c Outcomes research* 

3a SR of case-control studies 

3b Individual case-control study 

4 Case series 

5 Expert opinion 


Prognosis Study 


SR of prospective cohort studies 
Individual prospective cohort study 
SR of retrospective cohort studies 
Individual retrospective cohort study 
Outcomes research 


Case series 
Expert opinion 


SR, systematic review of published studies, for example, a meta-analysis. 

’Cohort study, longitudinal multivariable epidemiologic study. 

cOutcomes research, observational study with defined variables and validated outcome assessment. 

From Oxford Centre for Evidence Based Medicine—Levels of Evidence (March 2009). Available at: http:// 


www.cebm.net/. Accessed April 5, 2009. 


CHEMORADIATION FOR ORGAN 
PRESERVATION 


The first prospective randomized controlled clinical trial 
that integrated chemotherapy into the curative treatment 
of patients with advanced head and neck cancer was the 
Head and Neck Contracts Program, a multi-institutional 
collaboration of surgeons, medical oncologists, and radia- 
tion oncologists (12). This trial randomized 462 patients 
into a control group of surgery and postoperative radio- 
therapy, an experimental arm of one cycle of induction 
chemotherapy with cisplatin and bleomycin followed by 
surgery and postoperative radiotherapy or a second experi- 
mental arm of induction chemotherapy with cisplatin and 
bleomycin followed by surgery and postoperative radio- 
therapy, followed by six cycles of adjuvant cisplatin. Study 
results were reported in 1987 and demonstrated that the 
group that received adjuvant cisplatin after definitive ther- 
apy had a lower rate of distant metastases; however, the 
addition of chemotherapy in both experimental arms did 
not impact survival (13). However, some laryngectomy 
specimens in patients with an apparent complete response 
to induction chemotherapy were found to be histologi- 
cally free of tumor after resection. These findings drove 
subsequent studies of the feasibility of larynx preservation 
with induction chemotherapy followed by radiotherapy, 
with surgery reserved for patients without a response to 
induction chemotherapy or for salvage of patients with 
persistent or recurrent disease following radiotherapy. 


Larynx Cancer 


The current era of chemoradiation was ushered in by the 
Veterans Affairs (VA) Laryngeal Cancer Study Group, who 
performed a landmark randomized controlled clinical 


trial to determine if induction chemotherapy followed by 
definitive radiation, with laryngectomy reserved for salvage, 
was a viable option to the gold standard of total laryngectomy 
with postoperative radiotherapy for patients with advanced 
stage laryngeal cancer (14). Patients with stage III or IV 
laryngeal cancer who would have required total laryn- 
gectomy for cure were randomized to receive either three 
cycles of induction chemotherapy with cisplatin and 5-FU 
followed by radiotherapy, or surgery and postoperative 
radiotherapy. Clinical tumor response was assessed after 
two cycles of chemotherapy, and patients with a response 
to induction received a third cycle followed by definitive 
radiation therapy. Patients without a tumor response or 
patients with progressive disease, including nodal disease, 
underwent immediate surgical resection followed by post- 
operative radiotherapy; patients with recurrent disease fol- 
lowing chemotherapy and radiation underwent salvage 
laryngectomy. 

The VA study results were published in 1991 and showed 
that organ preservation could be attempted in patients with 
advanced laryngeal cancer with chemoradiation without 
reducing survival in patients who would otherwise have 
undergone total laryngectomy, with laryngeal preservation 
in 64% of patients. Patterns of failure did differ between 
treatment groups, with significantly more patients in the 
induction chemotherapy group failing locally and signifi- 
cantly fewer patients failing at distant sites, in comparison 
with the surgical control group. Rates of second primary 
cancers were significantly higher in the surgery group. This 
study demonstrated that for some patients with advanced 
laryngeal cancer, laryngeal preservation with chemora- 
diation was feasible. Significant predictors of the need for 
salvage surgery were T4 and stage IV disease. Salvage laryn- 
gectomy was required in 56% of T4 lesions compared with 
29% of smaller primary tumors, and in 44% of patients 
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with stage IV disease compared with 29% for stage III dis- 
ease. Patients with T4 lesions comprised 26% of partici- 
pants in the VA study, with T4NO0 disease present in 12% of 
patients. The subset of patients with T4NO disease had sig- 
nificantly reduced survival in the nonoperative treatment 
arm compared to the surgical arm (15), suggesting that the 
encouraging results of organ preservation do not apply to 
this subgroup. 

Advanced stage nodal disease is a known adverse prog- 
nostic factor and was related to the poorer survival of 
stage IV disease in the VA study, which includes N2 and 
N3 nodal disease by definition. When organ preserva- 
tion therapy is used in patients with advanced neck dis- 
ease, the response in the neck may be independent of the 
response at the primary site. A follow-up study of patients 
in the VA study showed poorer survival in patients with N2 
or N3 disease and a partial response in the neck follow- 
ing induction chemotherapy, who subsequently required 
salvage neck dissection because of inability to control 
disease in the neck, compared to those with a complete 
response to induction therapy (16). The incorporation of 
early, planned posttreatment neck dissection after induc- 
tion but prior to radiotherapy in such patients resulted in 
improved regional control and no difference in survival 
between patients with a partial response compared to com- 
plete responders (17). 

A follow-up phase III study designed by the Radiation 
Therapy Oncology Group (RTOG) was designed to deter- 
mine the contribution of chemotherapy and radiotherapy 
to larynx preservation to investigate three radiation-based 
treatments: induction cisplatin and 5-FU followed by 
radiotherapy in responders, similar to the induction arm 
of the VA study; chemotherapy with cisplatin administered 
concurrently with radiotherapy; and radiotherapy alone 
(18). Unlike the VA study, there was no primary surgical 
arm. The concurrent treatment arm was designed to test 
observations of the enhancement of radiation effects on 
tumor by concurrent treatment with cisplatin. Patients 
with stage III or IV laryngeal cancer, excluding T1 disease, 
were included. As a result of the poorer outcomes for 
patients with T4 disease in the VA study, patients with large 
volume T4 disease, defined as extension through cartilage 
or greater than 1 cm of base of tongue involvement, were 
excluded from the RTOG 91-11 trial. Patients with low vol- 
ume T4 disease were incorporated into RTOG 91-11 and 
represented 10% or less of patients in each arm. 

The RTOG 91-11 study demonstrated that overall sur- 
vival rates were similar in all three treatment groups; how- 
ever, locoregional control rates were significantly better in 
the concurrent chemoradiation arm (78%) compared with 
induction (61%) and radiation alone (56%) and 2-year 
laryngeal preservation rates were higher for concurrent 
therapy (88%) compared with induction (75%) or radia- 
tion alone (70%). Induction chemotherapy had the same 
rate of acute toxicity as concurrent chemotherapy; however, 


acute mucosal toxicity was twice as frequent in the concur- 
rent chemotherapy arm as in the induction or radiotherapy 
alone arms and was associated with delayed recovery of 
swallowing function at 1-year assessment. 

These data established concurrent chemoradiation with 
cisplatin as the standard of care for organ preservation 
in advanced laryngeal cancer, excluding T4 tumors with 
tongue base or cartilage invasion. A follow-up of RTOG 
91-11 evaluating the subset of patients who required sal- 
vage laryngectomy confirmed that salvage laryngectomy 
was required significantly less often following concurrent 
chemoradiation (16%), compared with the induction 
(28%) and radiotherapy alone (31%) arms (19). However, 
among patients surviving at least 1 year, overall survival 
was significantly worse for patients who required salvage 
laryngectomy compared to those who did not, by approxi- 
mately 10%. There was no statistically significant difference 
in survival among patients undergoing salvage total laryn- 
gectomy as a function of initial nonoperative treatment. 

Severe late toxicity after concurrent chemoradiation 
causing dysphagia secondary to dysfunction of the larynx 
and/or pharynx is progressive over time and in an RTOG 
analysis of several RTOG studies, including 91-11, was pres- 
ent in as many as 43% of patients at 3 years, after excluding 
patients with pretreatment severe laryngopharyngeal dys- 
function (20). On multivariate analysis, older age, advanced 
primary tumor stage and laryngeal or hypopharyngeal pri- 
mary site disease were significant predictors of late toxicity, 
emphasizing the importance of careful patient selection for 
aggressive organ-sparing treatment and swallowing exercises. 

Taken together, these landmark randomized controlled 
clinical trials established concurrent chemoradiation as 
the standard of care for laryngeal preservation in advanced 
laryngeal cancer, with the caveat that patient selection 
should consider whether survival and function with an 
organ-sparing approach can be anticipated to be equiva- 
lent to the standard of laryngectomy with postoperative 
radiotherapy. Patients with T4 disease have poorer survival 
with chemoradiation and should undergo primary laryn- 
gectomy. Patients with pretreatment organ dysfunction are 
inappropriate for organ preservation because of predicted 
laryngopharyngeal dysfunction and feeding tube depen- 
dence resulting from severe late toxicities associated with 
chemoradiation. The cohort of patients with advanced 
primary stage disease and evidence of pretreatment organ 
dysfunction are better served with primary surgery and 
reconstruction rather than attempting to preserve a dys- 
functional organ. Finally, patients should be aware that sal- 
vage laryngectomy is associated with a decrease in survival. 


Hypopharyngeal Cancer 


Organ preservation strategies for hypopharyngeal cancer 
are associated with a lower laryngeal preservation rate 
than those reported for advanced laryngeal cancer. The 


only randomized, prospective trial to date comparing 
chemoradiation to surgery with postoperative radio- 
therapy in hypopharyngeal cancer was conducted by 
the European Organization for Research and Treatment 
of Cancer (EORTC) Head and Neck Cancer Cooperative 
group (21). Modeled after the VA laryngeal cancer study, 
patients with T2-T4 lesions who required total laryngec- 
tomy as part of definitive surgical treatment were ran- 
domized to receive either induction chemotherapy with 
cisplatin and 5-FU followed by definitive radiotherapy, 
or surgery with postoperative radiotherapy. Patients with 
T4 lesions comprised 6% of participants. This trial found 
no significant difference between the induction chemo- 
therapy arm and the surgery arm in local (12% and 17%, 
respectively) or regional (19% and 23%) recurrence rates 
and 5-year disease-free survival (25% and 27%).Overall 
survival was less than 30% and did not differ between 
treatment groups. Successful organ preservation was far 
less likely when compared with laryngeal cancer, with 
only 17% of patients treated with induction chemother- 
apy followed by radiation alive and laryngectomy-free at 
5 years. 

A subsequent phase III study, also conducted by the 
EORIC, directly compared induction cisplatin and 5-FU 
followed by radiotherapy in patients with a complete 
response at the primary site with a regimen of alternating 
cisplatin and 5-FU and radiotherapy (22). No significant 
difference in laryngeal preservation or survival rates was 
demonstrated, and at the present time, induction chemo- 
therapy followed by radiotherapy is the evidence-based 
standard of care for laryngeal preservation in hypopharyn- 
geal cancers, in the absence of site-specific trials evaluating 
concurrent chemoradiation. 

A third trial was conducted by the European Groupe 
Oncologie Radiothérapie Téte et Cou (GORTEC) study 
group for organ preservation in patients with advanced 
cancer of the larynx or hypopharynx who, similar to the 
EORTC study, would be candidates for total laryngec- 
tomy for cure (23). A total of 220 patients were randomly 
assigned, and of those, just more than one-half had a 
hypopharynx primary tumor. The majority of patients 
had T3 primary tumors. The two treatment arms consisted 
of standard cisplatin and 5-FU for three cycles (control 
group) or combination docetaxel, cisplatin, and 5-FU 
for three cycles. Following induction of both therapies, 
responding patients received 70 Gy of standard radiation; 
patients without a response to induction chemotherapy 
underwent surgery. The three-drug therapy was shown to 
be statistically superior for the endpoints of response to 
the induction regimen (80% vs. 59%) and preservation of 
a functional larynx at 3 years (70% vs. 58%). Based on 
these data, induction therapy with the triple-drug com- 
bination of docetaxel, cisplatin, and 5-FU is superior to 
cisplatin and 5-FU for organ preservation in advanced 
hypopharyngeal cancer. 
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While subsite analysis was not described in the EORTC 
report, others have shown in retrospective studies that sur- 
vival is better with surgery and postoperative radiotherapy 
compared with chemoradiation, and in such series the 
volume of disease and laryngeal involvement were factors 
that adversely impacted survival (24-26). As for advanced 
laryngeal cancer, patients with severe pretreatment organ 
dysfunction are inappropriate for chemoradiation because 
permanent laryngeal dysfunction and gastrostomy tube 
dependence are expected sequelae of nonoperative treat- 
ment. Hypopharyngeal cancer is a significant predictor of 
pharyngoesophageal stricture, with rates of gastrostomy 
tube dependence following chemoradiation twice as high 
as for laryngeal primary tumors (27). The hypopharynx 
is particularly predisposed to stricture formation because 
the dose to the pharyngeal constrictors cannot be reduced 
as the structures related to swallowing dysfunction are 
the primary target. Taken together, these data suggest that 
organ preservation in hypopharyngeal cancer should be 
reserved for those patients with stage III disease with low 
volume primary tumors. As for laryngeal cancer, patients 
with T4 disease have poorer survival with chemoradiation 
and should undergo primary laryngectomy (28). 


Oropharyngeal Cancer 


Concurrent chemoradiation has increasingly replaced sur- 
gery in the initial treatment of advanced stage oropharyn- 
geal cancer, despite a lack of trials directly comparing surgery 
with postoperative radiation to concurrent chemoradia- 
tion. In contrast to the data for larynx and hypopharyngeal 
cancer, there are no clinical trial data that compare control 
rates and survival for patients with advanced oropharyngeal 
cancer treated with surgery with postoperative radiation ver- 
sus chemoradiation, and therefore equivalence cannot be 
shown. Surgery with postoperative radiation therapy results 
in superior survival compared with radiation therapy alone, 
and has been the standard of care for patients with advanced 
stage oropharyngeal cancer. There has been one randomized 
controlled trial limited to patients with oropharyngeal can- 
cer (29-31) and several nonrandomized or mixed primary 
site trials (31-36) that demonstrate improved locoregional 
control and survival rates with concurrent chemoradiation 
(cisplatin and 5-FU) of approximately 20% compared to 
radiation alone for advanced stage disease, which are com- 
parable to the historical results of surgery and postopera- 
tive radiation (34,37-42) with organ preservation rates of 
77% to 84%. No difference was observed between chemo- 
radiation and radiation alone in the distant metastatic rate. 
Mucositis, related weight loss and need for a feeding tube, 
and hematologic toxicity occurred more frequently in the 
chemoradiotherapy group. 

Despite the absence of level I evidence comparing con- 
current chemoradiation to primary surgery, most oncol- 
ogists consider these data sufficient evidence to offer 
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organ preservation using concurrent cisplatin and 5-FU 
to patients with oropharyngeal cancer. Exceptions are 
stage I or II disease, which is treated with either surgery 
or radiotherapy, and a subset of stage III] oropharyngeal 
cancers with T1 or T2 lesions and N1 disease, who do 
not appear to receive significant benefit from the addi- 
tion of chemotherapy and may be treated with primary 
radiation therapy alone (43). A major topic of debate is 
the influence of human papillomavirus (HPV) associated 
tumors on clinical trial results, which primarily involves 
males under age 65, and is increasing in incidence in the 
United States and Europe (44). The favorable response of 
oropharyngeal cancer to chemoradiation may be due toa 
subset of patients with HPV-associated disease, who have 
improved response rates to chemoradiation primarily 
due to improved disease-free survival (45). HPV-positive 
tumors have been shown to have improved survival and 
disease control rates compared to HPV-negative tumors, 
and this survival benefit is independent of treatment 
modality (46-50). Patients with HPV-positive tumors 
are more likely to present with smaller primary site dis- 
ease and more advanced nodal disease (51,52). Advanced 
nodal stage is a poor prognostic factor for HPV-negative 
tumors, but does not carry the same adverse prognosis in 
HPV-positive disease that it does for HPV-negative tumors 
(52-54). The improved survival in HPV-positive disease 
has been attributed to increased radiosensitivity, but has 
been shown to be independent of treatment modality 
(46,47,49). Other factors such as a lower risk of distant 
disease and second primary cancers and an inverse cor- 
relation with adverse tumor biomarkers such as EGFR, 
p53 mutations, and survivin are equally plausible (46). 
Advanced primary site stage has been shown to be an 
independent risk factor for recurrence and survival after 
controlling for HPV status (54). 

HPV-positive lesions appear to have increased sensi- 
tivity to radiotherapy and may not require intensive con- 
current chemoradiation regimens for treatment with the 
attendant effects on swallowing function without further 
improvements in survival. This premise is the focus of 
current clinical trials and it will be several years before 
data are available. Current research is focused on delin- 
eating differences in patients with oropharyngeal cancer 
based on HPV status. The presence of a high proportion 
of HPV-positive patients confounds the interpretation 
of efficacy in novel regimens investigating both chemo- 
radiation and surgical treatment. The favorable impact 
of HPV on oropharyngeal squamous cell cancer out- 
comes is a relatively recent discovery, and to date the 
majority of studies regarding oropharyngeal cancer out- 
comes does not include HPV status in outcome analy- 
sis. Patients with HPV-positive tumors appear to have 
a different disease, with improved locoregional control 
and survival despite a preponderance of advanced stage 
disease. This difference may be due to smaller primary 
site disease at presentation, or to differences in tumor 


biology conferred by HPV infection, including p53 and 
EGER expression. 

It is important to recognize that although initial dis- 
ease control rates following chemoradiation are higher 
for oropharyngeal cancer than they are for larynx or 
hypopharynx tumors, successful salvage of oropharyngeal 
primary site recurrence is far less likely (55). Fewer than 
20% of patients with recurrent disease are candidates for 
salvage surgery, which is associated with increased com- 
plication rates and the median survival of patients with 
recurrence in less than 1 year (31,36,55-57). The majority 
of patients with recurrence develop a second recurrence 
in less than 12 months (56,58). Patients with the greatest 
likelihood of salvage following chemoradiation failure are 
those with early stage primary tumors and no recurrent 
nodal disease (56,58). These data emphasize that success- 
ful locoregional control with initial therapy is a critical 
determinant of long-term survival. Patients with initial 
early stage disease who receive chemoradiation have been 
shown to have an increased risk of second recurrences 
after salvage surgery (56), and chemoradiation failure 
is associated with poorer survival even after controlling 
for other variables (55). These data suggest that chemo- 
therapy may select for more aggressive tumor biology ina 
subset of patients. Because nonoperative therapy appears 
less likely to be successful in HPV-negative disease and 
the results of surgical salvage are poor, risk stratification 
of patients by biomarker status including HPV infection is 
an area of active investigation to optimize treatment selec- 
tion and outcomes and may result in tailored therapeutic 
recommendations in the future. 

Patients with T4 disease invading the mandible have 
been excluded from chemoradiation trials because of 
the high incidence of osteoradionecrosis resulting from 
chemoradiation, and such patients should undergo pri- 
mary surgery with reconstruction and postoperative radia- 
tion therapy. 


Nasopharyngeal Cancer 


Nonoperative treatment is standard of care for the ini- 
tial treatment of nasopharyngeal cancer in light of the 
close proximity of the nasopharynx to critical skull base 
structures, which makes surgical extirpation with ade- 
quate margins challenging, and the unique radiosensi- 
tivity of nasopharyngeal tumors. The clinical behavior 
of nasopharyngeal cancer varies by histologic subtype. 
World Health Organization (WHO) type I (squamous 
cell cancer) is more common in the United States than in 
endemic areas, with local-regional behavior that is simi- 
lar to that of other head and neck cancers. WHO types II 
(nonkeratinizing cancer) and III (undifferentiated cancer) 
predominate in endemic areas, such as southern China 
and northern Africa, and have a higher propensity for dis- 
tant metastases. WHO types II and LI are more respon- 
sive to radiotherapy and chemotherapy than those with 


differentiated squamous histology, and more than 90% of 
WHO type II and III cases are associated with the Epstein- 
Barr virus. 

Radiation has historically been the mainstay of treat- 
ment for disease above the clavicles. The management 
of locally advanced nasopharyngeal cancer dramatically 
changed a decade ago after publication of the results of the 
Intergroup 0099 study, which was designed to test concur- 
rent chemoradiation in nasopharyngeal cancer in an effort 
to improve locoregional control and to decrease the distant 
metastatic rate by the addition of adjuvant chemotherapy 
(59). In this trial, patients with stage III or IV nasopha- 
ryngeal cancer were randomly assigned to either radiation 
alone or radiation with three cycles of concomitant cispl- 
atin administered every 21 days, followed by three cycles 
of adjuvant cisplatin and 5-FU. Most patients (91%) had 
stage IV disease, and WHO type I histology was more com- 
mon compared with published series from endemic areas. 
Overall survival at 5 years was significantly improved for 
patients who received combined-modality therapy (67% 
vs. 37%, P < 0.001), as was progression-free survival (58% 
vs. 29%, P < 0.001). The survival advantage of combined 
therapy was significant even though only 63% of patients 
received all three planned cycles of cisplatin during radia- 
tion and only 55% received all three cycles of adjuvant cis- 
platin and 5-FU. 

One criticism of the Intergroup 0099 study is that the 
relative contributions of concurrent and adjuvant therapy 
could not be determined, and clinical trial results may be 
less applicable to endemic areas where WHO type I his- 
tologic subtypes are infrequent. However, subsequent 
randomized trials (60-62) in endemic areas and two 
meta-analyses (63,64) have confirmed a significant sur- 
vival advantage for concurrent platinum-based chemo- 
radiation over radiation alone. In contrast, randomized 
trials of induction chemotherapy followed by radiation 
compared with radiation alone have shown no significant 
improvement in overall survival (65-68), although some 
reported improved disease-free survival. Two meta-analyses 
of clinical trials that compared any sequence of chemo- 
therapy and radiotherapy with radiotherapy alone have 
been published. A meta-analysis of the published results 
of six randomized trials comprising 1,500 patients (63) 
reported that at 4 years, chemotherapy improved progres- 
sion-free survival by 34% and overall survival by 20%. The 
second meta-analysis used updated individual patient data 
from eight randomized trials (1,753 patients) with locally 
advanced disease, covering 1966 to 2003 (64). The effect 
of adding chemotherapy to radiotherapy on overall sur- 
vival resulted in an absolute survival benefit of 6% (56% 
to 62%) at 5 years (hazard ratio [HR] of death = 0.82; 
P=0.006). The effect on event-free survival was an absolute 
benefit of 10% (42% to 52%) at 5 years (HR of tumor fail- 
ure [local, regional, or distant] or death = 0.76; P< 0.0001). 
There was a significant interaction between the timing of 
chemotherapy and radiotherapy and overall survival, with 
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the highest benefit resulting from concomitant administra- 
tion of chemotherapy and radiotherapy (P = 0.005). 

Based on these data, concurrent cisplatin-based chemo- 
therapy and radiation provides a clear survival benefit 
and is the accepted standard of care within and outside of 
the United States. The benefit of adjuvant chemotherapy, 
which theoretically will suppress distant metastases com- 
mon in nasopharyngeal cancer, is less widely accepted. 
In the United States, the standard of care for treatment of 
patients with nasopharyngeal cancer stages UB, IIL, IVA (T4, 
NO to N2, MO), and IVB (any T, N3, MO) is radiotherapy 
with concurrent high-dose cisplatin on days 1, 22, and 43, 
followed by three courses of adjuvant cisplatin and infu- 
sional 5-FU dosing as administered in the Intergroup 0099 
trial (59). Radiotherapy alone is indicated for stages I and 
IIA (NO disease with no parapharyngeal space involve- 
ment). 

Current areas of investigation in the management of 
nasopharyngeal cancer include the potential benefit of 
changing the sequencing of the three cycles of chemo- 
therapy from adjuvant (after chemoradiation) to sequen- 
tial (prior to chemoradiation) and the exploration of 
alternative cytotoxic regimens. The high incidence of 
distant metastases coupled with the limited ability to 
successfully deliver all three cycles of adjuvant chemo- 
therapy in only 55% of patients in the Intergroup 0099 
trial has motivated the investigation of sequential che- 
motherapy followed by chemoradiation. However, there 
is concern that this sequence of treatment might com- 
promise the delivery of chemoradiation, the critical cura- 
tive component of the treatment. The early results from 
several single-institution trials of sequential therapy have 
shown feasibility and encouraging response and survival 
data, and multicenter trials are under consideration. 
Circulating Epstein-Barr viral DNA can be quantitated 
by real-time polymerase chain reaction (PCR) in 96% of 
patients and predicts tumor load and risk of recurrence; 
this biomarker may have a role in stratifying patients by 
risk for additional systemic therapy (69). Pretreatment 
levels appear predictive of distant failure in patients with 
stage I or II disease, while posttreatment levels correlate 
with disease-free survival (70,71), and a validation trial is 
now in progress. 


Oral Cavity Cancer 


Cancer of the oral cavity should be distinguished from 
other sites as biologically distinct, and is managed surgi- 
cally. Data from patients with advanced oral cavity treated 
with concurrent chemoradiation in phase I or II trials show 
equivalent survival compared to historic control patients 
treated with primary surgery, but a high rate of osteora- 
dionecrosis (72-74). There are no level I data to suggest 
that nonoperative treatment effectively controls advanced 
oral cavity tumors, which is reflected in the 2011 National 
Comprehensive Cancer Network (NCCN) guidelines that 
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recommend surgery as the preferred modality of treatment 
for advanced oral cavity cancer (28). 


CHEMORADIATION FOR LOCALLY 
ADVANCED UNRESECTABLE DISEASE 


Inoperable disease is defined as tumor that invades the 
base of the skull, prevertebral fascia, pterygoid muscula- 
ture, or encases the carotid artery. Historically patients with 
inoperable disease were managed with radiotherapy alone, 
with a median survival time of 12 months and only 20% 
of patients alive at 2 years. The radiosensitizing proper- 
ties of chemotherapy were explored in this population in 
several randomized controlled clinical trials that showed 
the potential for improved survival. The focus of these 
studies has been on drugs that show activity against both 
the disease and radiation-enhancement properties (e.g., 
cisplatin and 5-FU). The three general strategies that can 
be employed are (1) concomitant single-agent or combi- 
nation chemotherapy with continuous-course radiation; 
(2) combination chemotherapy with planned split-course 
radiation; and (3) rapidly alternating chemotherapy and 
radiation. More recently, altered-fractionation radiation 
approaches have become an additional radiotherapy 
option. Currently, the best evidence supports concurrent 
chemoradiotherapy with a platinum-based agent as the 
standard of care for locally advanced head and neck cancer, 
but recommendations may change as new data become 
available. 


Concurrent Chemoradiation 


The first study to investigate concomitant chemoradio- 
therapy for the treatment of unresectable advanced head 
and neck cancer was reported in 1992 (75). The investi- 
gators randomly assigned 157 patients with unresectable 
squamous cell cancer of the head and neck were randomly 
assigned to radiation alone (70 Gy, conventional fraction- 
ation) or to a cisplatin and 5-FU combination alternat- 
ing with radiation (60 Gy). Compared to patients treated 
with radiation alone, the group treated with chemotherapy 
showed significantly better complete response rates (43% 
vs. 22%) and survival (41% vs. 23%; P = 0.01). 

A subsequent trial randomized 295 patients with unre- 
sectable squamous cell cancer of the head and neck to one 
of three treatment groups: radiation alone, radiation with 
concurrent cisplatin on days 1, 22, and 43; or split-course 
radiation with three cycles of concurrent bolus cisplatin 
and infusional 5-FU. Surgical resection was offered for 
patients in all three groups if feasible after the comple- 
tion of treatment; patients in the third arm had an option 
for surgical resection after the second cycle of chemo- 
therapy, if feasible (76). This study demonstrated a sig- 
nificant survival advantage at 3 years for patients treated 
with concurrent cisplatin and radiation (37%) compared 
with radiation alone (23%; P = 0.014). The split-course 


concurrent regimen offered no survival advantage (27%) 
over radiation alone. Grade 3 toxicity or higher was sig- 
nificantly more common with concurrent therapy (89%) 
compared with radiation alone (52%; P < 0.0001). This 
study established radiation with concurrent high-dose cis- 
platin as the standard of care for locally advanced unre- 
sectable head and neck cancer. 

A meta-analysis by Pignon et al. (77), the Meta-Analysis 
of Chemotherapy in Head and Neck Cancer (MACH-NC), 
highlighted the favorable results seen with a concurrent 
approach. Despite significant heterogeneity in study trial 
designs, overall concurrent chemoradiotherapy regimens 
were associated with an 8% absolute benefit in survival 
at 5 years compared with radiation alone (HR = 0.81; 
P < 0.0001). An updated analysis of 87 trials and more 
than 16,000 patients showed the same absolute ben- 
efit for survival with concomitant treatment (HR = 0.81; 
P< 0.0001) (78). 

A meta-analysis of randomized concurrent chemora- 
diotherapy studies for patients with locally advanced squa- 
mous cell cancer of the head and neck was performed to 
develop clinical recommendations (79). Subgroup analy- 
sis of data from 1,514 patients in nine trials demonstrated 
that platinum-based concurrent programs offered the 
greatest survival advantage compared with radiation alone 
(odds ratio [OR] = 0.57; P < 0.00001). The meta-analysis 
suggested that platinum-based regimens for concurrent 
chemoradiation that were associated with a positive trial 
and a more favorable side-effect profile should be used. 
Overall, cisplatin-based chemoradiotherapy provided the 
most significant benefit in terms of survival and local- 
regional control (80). 

In summary, concurrent chemoradiotherapy leads to 
improved disease control compared with radiation alone 
for patients with unresectable squamous cell cancer of 
the head and neck and represents standard treatment 
for patients who are able to tolerate the additional treat- 
ment-related toxicity of chemotherapy. The data show- 
ing improvement are best established for platinum-based 
concurrent regimens; an advantage for the use of chemo- 
therapy persists even when newer altered-fractionation 
radiotherapy approaches are employed. 


Induction Chemotherapy Using Cisplatin 
and 5-Fu with a Taxane 


Three randomized controlled trials have directly com- 
pared induction chemotherapy using a combination of 
docetaxel, cisplatin, and 5-FU to standard cisplatin plus 
5-FU in unresectable head and neck cancer (81,82). The 
TAX 323 trial enrolled more than 300 patients with locally 
advanced unresectable disease. The control arm consisted 
of four cycles of the two-drug combination followed by 
radiotherapy, and the experimental arm consisted of four 
cycles of the three-drug combination (docetaxel, cisplatin, 
5-FU) followed by radiotherapy (81). The response rate to 


induction with the three-drug regimen was significantly 
higher compared with that of the two-drug regimen (68% 
vs. 54%, P = 0.006) as was overall survival (HR = 0.73; 
P = 0.016). Less toxicity was observed with the three-drug 
combination than with the two-drug combination. 

Similarly, the TAX 324 trial randomly assigned 501 
patients with unresectable or resectable disease (all sites) 
to three cycles of standard cisplatin and 5-FU or to combi- 
nation docetaxel, cisplatin, and 5-FU (docetaxel, cisplatin, 
5-FU) (82). Definitive local therapy in both arms consisted 
of standard radiotherapy plus weekly carboplatin. Overall 
survival was significantly improved for patients who 
received the three-drug therapy (HR = 0.70; P = 0.0058). 

A third phase II trial compared induction combination 
paclitaxel, cisplatin, and 5-FU to induction cisplatin and 
5-FU in a heterogeneous population of patients with both 
resectable and unresectable cancer (83). Chemoradiation was 
planned following induction chemotherapy but the actual 
treatment was not uniform. The taxane-containing treatment 
group had a higher overall response rate (80% vs. 68%); 
however, the difference in overall survival was not significant. 

These trials demonstrate that the combination of 
docetaxel, cisplatin, and 5-FU followed by radiotherapy 
alone or radiotherapy and concurrent carboplatin is supe- 
rior to cisplatin and 5-FU followed by the same definitive 
local therapy. The three-drug regimen administered in the 
TAX 323 trial seems to have an acceptable toxicity profile 
with lower rates of severe and life-threatening myelosup- 
pression than observed with the two-drug regimen (81). 
These trials indicate that treatment with a taxane plus cis- 
platin and 5-FU is more effective than cisplatin and 5-FU 
alone when using response rate as the outcome mea- 
sure. They do not indicate that induction combination 
docetaxel, cisplatin, and 5-FU is the standard of care, but 
provide support for a prospective, randomized controlled 
trial that compares induction chemotherapy followed by 
chemoradiation (termed sequential treatment) against the 
standard of care of chemoradiation for nonsurgical man- 
agement of resectable disease or for management of unre- 
sectable disease. Several such trial designs are in progress in 
the United States. Combination docetaxel, cisplatin, and 
5-FU should replace cisplatin and 5-FU as a new standard 
regimen for induction chemotherapy and is being used in 
ongoing trials. A second approach for patients with unre- 
sectable disease focuses on the addition of biologic agents 
to chemoradiation and trials by both ECOG and the RTOG 
testing the addition of cetuximab to concurrent chemora- 
diation are in progress. The results of these trials may rede- 
fine the standard of care for unresectable disease. 


POSTOPERATIVE CHEMORADIATION 
FOR HIGH-RISK DISEASE 
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conducted by EORTC (22931) (84) and a trial conducted 
by the RTOG (9501) (85) were designed to address the 
issue of whether the addition of cisplatin to standard post- 
operative radiotherapy based on adverse pathologic criteria 
would improve disease control and survival. The experi- 
mental arms of both studies consisted of standard fraction- 
ation radiation with concurrent cisplatin on days 1, 22, 
and 43. At 5 years, the EORTC study demonstrated signifi- 
cant improvement in disease-free survival (47% vs. 36% 
for radiation alone, P = 0.04), and overall survival (53% vs. 
40% for radiation alone, P = 0.02) for the arm treated with 
concurrent cisplatin and radiation. The RTOG study dem- 
onstrated a significant advantage with combined-modality 
adjuvant therapy for disease-free survival, but not for over- 
all survival. In both studies, concurrent chemoradiother- 
apy was associated with greater toxicity. 

While the experimental treatment arms were similar for 
both studies, the definition of high-risk pathologic features 
differed between studies. The RTOG study defined high- 
tisk pathologic features as the presence of multiple positive 
nodes, extracapsular extension of nodal disease, or a posi- 
tive surgical resection margin. In contrast, the EORTC trial 
defined high-risk pathologic features as a positive surgical 
resection margin, extracapsular extension of nodal disease, 
vascular embolisms, or perineural disease; for oral cavity 
or oropharynx primary sites, high-risk pathologic features 
included positive nodes in level IV or V. These differences 
may in part explain the variable outcome of the two trials. In 
an attempt to reconcile the differing results of these two trials, 
a pooled analysis was performed which showed that the sub- 
set of patients in both trials who received a significant benefit 
from the addition of cisplatin to postoperative radiotherapy 
had either microscopically involved margins or extracapsu- 
lar extension of disease in neck nodes (86). The presence 
of either or both of these risk factors is therefore now con- 
sidered a definite indication for adjuvant chemoradiation. 
Patients who were enrolled only because of tumor present in 
multiple positive lymph nodes did not benefit from the addi- 
tion of chemotherapy to postoperative radiation. 

Since these analyses were performed, the RTOG trial 
data have been reanalyzed with longer follow-up times and 
now demonstrate a significant advantage for chemoradia- 
tion in local-regional control, with locoregional failure in 
21% of patients receiving adjuvant chemoradiation com- 
pared with 33% of patients treated with radiation alone 
(87,88). The difference in disease-free survival was margin- 
ally significant (18% vs. 12%; P = 0.05). These results do 
not change current treatment recommendations, which are 
adjuvant chemoradiation in patients with extracapsular 
spread or a positive surgical margin on final pathology. 


BIOLOGIC THERAPY 


Two randomized controlled trials have investigated the 
role of chemoradiation in the postoperative adjuvant set- 
ting when compared with radiotherapy alone. A study 


EGER is highly expressed in head and neck squamous cell 
cancer, and the expression of EGFR has an inverse relation- 
ship with prognosis. Inhibitors of the EGFR have been the 


1702 Section VII: Head and Neck Surgery 


focus of targeted therapy trials in head and neck cancer. 
Cetuximab is a chimeric immunoglobulin G antibody 
that binds to EGFR with high affinity. In preclinical stud- 
ies, cetuximab demonstrated at least additive effects when 
combined with radiotherapy or with cisplatin, paclitaxel, 
and other cytotoxics. Cetuximab was approved by the FDA 
for use in combination with radiotherapy in patients with 
advanced head and neck cancer based on a multicenter trial 
phase ILI trial published by Bonner et al. (89). This trial ran- 
domly assigned patients with locally advanced squamous 
cell cancers of the oropharynx, larynx, and hypopharynx to 
treatment with radiotherapy alone (using either standard 
or altered fractionation schedules) or to radiotherapy with 
concurrent weekly cetuximab. The addition of cetuximab 
significantly improved local-regional failure-free survival 
and overall survival rates: median local-regional failure-free 
survival was 24.4 months with cetuximab and 14.9 months 
with RT alone (P = 0.005), and 5-year overall survival rates 
were 45% with cetuximab and 36% with radiotherapy 
alone (P = 0.018) (10). Cetuximab had no effect on distant 
metastases. Cetuximab is associated with the development 
of an acneiform rash in 84% of patients during treatment, 
which is prominent in 73% of patients. Of the patients 
who received cetuximab, those who developed a prominent 
cetuximab-induced acneiform rash had longer overall survival 
(69 months) compared to those with mild rash (26 months), 
which was significant (P = 0.002). There was no association 
between the cumulative dose of cetuximab and rash. 

A limitation to this study is extrapolation of the results 
to the larger head and neck cancer population: cetuximab 
was only studied in combination with radiotherapy, using 
radiation alone as the control group. In addition, the study 
population was heterogeneous with respect to resectability, 
primary site, and radiation schedule. Whether the combi- 
nation of radiotherapy and cetuximab is as effective as the 
standard of chemoradiation is unknown. At the present 
time, the only indication for cetuximab with radiotherapy 
is in the treatment of patients whose age, performance sta- 
tus, or comorbidity precludes treatment with platinum- 
based chemoradiation. Cetuximab with radiotherapy 
provides a 9% absolute survival advantage at 5 years over 
radiotherapy alone. Numerous trials are currently test- 
ing the addition of cetuximab or small-molecule tyrosine 
kinase inhibitors to chemoradiation in various disease 
settings. One such trial, RTOG 0522, directly compared 
concurrent cisplatin and radiation with or without cetux- 
imab: preliminary data presented at the American Society 
of Clinical Oncology annual meeting in 2011 showed no 
survival benefit with the addition of cetuximab (90). 


INCURABLE RECURRENT OR DISTANT 
METASTATIC DISEASE 


Inoperable disease that has been previously irradiated or 
disease that involves distant organs is considered incur- 
able. Commonly used chemotherapeutic agents to treat 


recurrent or metastatic squamous cell cancers of the head 
and neck are cisplatin, carboplatin, docetaxel, paclitaxel, 
5-FU, and methotrexate. Less commonly used drugs that 
also show some activity against head and neck tumors 
are bleomycin, irinotecan, gemcitabine, capecitabine, 
oxaliplatin, cyclophosphamide, ifosfamide, pemetrexed, 
and biologic agents such as cetuximab. Randomized 
trials comparing combination chemotherapy and sin- 
gle-agent therapy show an approximate doubling of the 
response rate with platinum-based combinations of che- 
motherapy, but the duration of response is brief (2 to 
4 months) and does not significantly impact overall sur- 
vival (91-93). 

Combination chemotherapy is associated with greater 
toxicity. In a meta-analysis of all studies in which cis- 
platin and 5-FU, the gold-standard combination drug 
regimen, was compared with single-agent therapy, a sig- 
nificant improvement in response (OR = 0.43) was docu- 
mented, which translated into only a 2-week difference 
in the median survival (94). Toxicity was greater for 
patients who received combination therapy. While 
numerous single agents have activity against head and 
neck cancers and can be used, weekly methotrexate is the 
historical gold standard because of its ease of administra- 
tion, lower toxicity profile, and relative lower costs (95). 
Combination chemotherapy should be limited to pa- 
tients who have a good performance status (ECOG 
performance status of 0 to 1) and as a result are better 
able to tolerate the added toxicity: in such patients the 
higher response rate may translate into better palliation, 
although no objective quality of life data exist to support 
this concept. A poor response to palliative chemotherapy 
can be predicted for patients with poor performance sta- 
tus, the presence of comorbidities, bulky local-regional 
disease or high tumor volume, and prior treatment for 
recurrence. 

Despite the favorable results of the use of taxanes in 
induction chemotherapy protocols, no improvement in 
survival with the use of taxanes has been documented for 
patients with recurrent disease. A study comparing two dif- 
ferent weekly schedules of paclitaxel in patients with recur- 
rent disease offered no advantage compared with weekly 
single-agent methotrexate (96). The addition of paclitaxel 
to cisplatin did not significantly impact outcomes when 
compared to the use of standard cisplatin plus 5-FU with 
respect to median survival times (9 vs. 8 months) and the 
1-year survival rates (30% vs. 41%), although the paclitaxel 
regimen was better tolerated (97). 

Cetuximab is the only biologic agent to be approved 
for use in head and neck cancer, but as previously men- 
tioned, its only approved indication is in patients who 
are resistant to or cannot receive platinum-based agents. 
In phase II trials of cetuximab alone or combined with 
cisplatin in patients who had either stable or progressive 
disease, the best response rates are in the range of 10% 
to 13% (98-100). In a randomized trial of 123 patients 


comparing the combination of cisplatin and placebo with 
cisplatin and cetuximab, no significant difference was 
found in median progression-free survival (2.7 months 
compared with 4.2 months, respectively, P = 0.27), 
although the rate of a major complete or partial response 
was significantly higher for patients who received cispla- 
tin and cetuximab (10% compared with 26%, respec- 
tively; P = 0.03) (101). 

Another phase III trial randomized 442 patients to 
receive either cisplatin-5FU-cetuximab or cisplatin-5FU 
as first-line treatment in patients with recurrent or meta- 
static squamous-cell carcinoma of the head and neck (102). 
The addition of cetuximab to cisplatin/5-FU prolonged the 
median overall survival from 7.4 to 10.1 months (HR for 
death, 0.80; P = 0.04), prolonged the median progression- 
free survival time from 3.3 to 5.6 months (HR for progres- 
sion, 0.54; P< 0.001) and increased the response rate from 
20% to 36% (P < 0.001). This was the first trial to show 
any improvement in overall survival by the addition of 
cetuximab when compared with the standard regimen of 
cisplatin/5-FU, although gains were modest. 

Interest has been generated in the use of the small mol- 
ecule tyrosine kinase inhibitors gefitinib and erlotinib, 
which have modest activity in the setting of recurrent dis- 
ease, including responses in patients who have received 
prior chemotherapy. In a phase II trial of 52 patients, 
the administration of 500 mg/d of gefitinib resulted in 
an 11% major response rate (103). In a phase II trial in 
115 patients, the administration of 150 mg/d of erlotinib 
resulted in a 4% major response rate (104). Stable dis- 
ease was demonstrated in 50% of patients. Combination 
trials using other agents directed at EGFR pathway down- 
stream targets, such as the vascular endothelial growth 
factor (VEGF) inhibitor, are in progress (105). In a phase 
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II trial, the combination of erlotinib and bevacizumab 
resulted in a 17% response rate, with median survival of 
7.5 months in patients previously treated for recurrent 
disease (106). 


CONCLUSIONS 


In summary, concurrent chemoradiotherapy leads to 
improved disease control compared with radiation alone 
for patients with unresectable squamous cell cancer of 
the head and neck and represents standard treatment 
for patients who are able to tolerate the anticipated 
added treatment-related toxicity. There also is a role 
for this approach in the organ-preservation and larynx- 
preservation setting and for advanced local-regional naso- 
pharyngeal cancer. The data showing improvement are 
best established for platinum-based concurrent regimens; 
an advantage persists even when newer altered-fraction- 
ation approaches are employed. Induction chemother- 
apy results in superior rates of laryngeal preservation in 
advanced hypopharyngeal cancer. Adjuvant chemoradia- 
tion is indicated for patients with high-risk pathologic 
features of extracapsular spread or positive margins. The 
use of biologic therapy with radiation provides a survival 
benefit in patients with advanced head and neck cancer 
who would otherwise only be candidates for radiation 
alone because of contraindications to the use of chemo- 
therapy. Current evidence-based indications for standard 
of care use of chemoradiation are listed in Table 111.2. 
Clinical trials testing the addition of cetuximab to con- 
current chemoradiation, and induction chemotherapy 
with the addition of a taxane are in progress. The results 
of these trials may redefine the standard of care for both 
resectable and unresectable disease. 


CURRENT EVIDENCE-BASED INDICATIONS FOR CHEMOTHERAPY IN THE MANAGEMENT 
ul ’4) OF ADVANCED HEAD AND NECK CANCER 


Primary Site 


Organ preservation, larynx (resectable stage III and IV 
disease, excluding T1 disease) 

Organ preservation, hypopharynx (resectable stage Ill 
and IV disease, excluding T1 disease) 

Oropharynx, resectable T3-T4 or N2-N3 


Nasopharynx, stages IIB, III, IVA, IVB 


Unresectable, all sites 

Postoperative adjuvant high-risk factors: extracapsular 
spread or margin positive 

Contraindications to systemic chemotherapy, stage Ill 
or IV disease 


Regimen References 

XRT 70 Gy + high-dose cisplatin (18,19) 

Cisplatin (100 mg/m?) + 5-FU (1,000 mg/m?2/d x 4) (21,23) 
x 3 cycles followed by XRT 70 Gy 

XRT 70 Gy + cisplatin or carboplatin (70 mg/m?2/d x 4) (29-31) 
+ 5-FU (600 mg/m?/d x 4) x 3 cycles 

XRT 70 Gy + high-dose cisplatin, adjuvant cisplatin (59) 
(80 mg/m?) + 5-FU (1,000 mg/m?/d x 4) x 3 cycles 

XRT 70 Gy + high-dose cisplatin (76) 

XRT 70 Gy + high-dose cisplatin (84-88) 

Cetuximab (400 mg/m?) followed by XRT 70 Gy (10,89) 


+ cetuximab (250 mg/m?/wk) 


High-dose cisplatin = 100 mg/m? days 1, 22, and 43. XRT = external beam radiation therapy. 
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m In patients with unresectable squamous cell cancer 
of the head and neck, concomitant cisplatin and 
radiotherapy significantly improves survival, com- 
pared with radiotherapy alone, and is the standard 
of care. 

= Concomitant cisplatin and radiotherapy is the stan- 
dard of care for postoperative adjuvant treatment 
for patients with positive resection margins or extra- 
capsular extension of nodal disease. 

= To preserve the larynx of patients with locally 
advanced, resectable laryngeal cancer, concomitant 
cisplatin and radiotherapy is the standard of care. 
T4 disease is associated with poorer outcomes and 
survival following chemoradiation, and should be 
treated with primary laryngectomy. 

= To preserve the oropharyngeal functions of speech 
and swallowing in patients with locally advanced, 
respectable oropharyngeal cancer, concomitant che- 
motherapy and radiotherapy is the standard of care 
for T3 to T4 or N2 to N3 disease. 

m= To preserve the larynx of patients with locally 
advanced, resectable cancer of the hypopharynx, 
induction chemotherapy and radiotherapy is the 
standard of care based on randomized controlled 
trials. 

m The standard of care for treatment of nasopharyn- 
geal cancer is radiotherapy alone for early stage 
disease (stages I and Ila), and concurrent cisplatin 
and radiotherapy followed by three cycles of adju- 
vant cisplatin and 5-FU for advanced stage disease 
(stages Lb, III, IVA, and IVB). 

m Cetuximab when added to radiotherapy for defini- 
tive treatment of locally advanced cancer showed 
significantly improved survival compared with 
radiotherapy alone. However, no indications for 
using cetuximab plus radiotherapy in place of stan- 
dard platinum-based chemotherapy plus radiother- 
apy have been established. 

m= Induction chemotherapy using a taxane with cis- 
platin plus 5-FU regimen followed by concomitant 
chemoradiation (sequential therapy) shows prom- 
ise in improving disease-control and survival, but 
this is not at present standard of care. Trials compar- 
ing chemoradiation with or without induction che- 
motherapy in high-risk populations are in progress. 

= Combination chemotherapy in the palliative setting 
leads to increased response rates as well as increased 
toxicity over single-agent chemotherapy, but does 
not significantly improve survival compared with 
single-agent methotrexate, a platinum-based agent, 
or 5-FU. 


m Various biologic agents that target the EGFR path- 
way are under study in combination with chemo- 
therapy, as single agents, and as multiple targeted 
agents. Antibodies to the EGFR and small molecule 
tyrosine kinase inhibitors cause major response 
in approximately 10% of patients who do not 
respond to platinum agents. Cetuximab is the only 
biologic agent approved for use in head and neck 
cancer. 


REFERENCES 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


. Pasheva EA, Ugrinova I, Spassovska NC, et al. The binding affin- 

ity of HMG1 protein to DNA modified by cis-platin and its ana- 

logs correlates with their antitumor activity. Int J Biochem Cell Biol 
2002;34:87-92. 

Mukherjea D, Rybak LP. Pharmacogenomics of cisplatin-induced 

ototoxicity. Pharmacogenomics 2011;12:1039-1050. 

. Walko CM, Lindley C. Capecitabine: a review. Clin Ther 
2005,27:23-44. 

. Patel PA. Evolution of 5-fluorouracil-based chemoradiation 
in the management of rectal cancer. Anticancer Drugs 2011;22: 
311-316. 

. Huszar D, Theoclitou ME, Skolnik J, et al. Kinesin motor pro- 
teins as targets for cancer therapy. Cancer Metastasis Rev 2009;28: 
197-208. 

. Bernier J, Vrieling C. Docetaxel in the management of patients 
with head and neck squamous cell carcinoma. Expert Rev 
Anticancer Ther 2008;8:1023-1032. 

. McGuire JJ. Anticancer antifolates: current status and future 

directions. Curr Pharm Des 2003;9:2593-2613. 

Froklage FE, Reijneveld JC, Heimans JJ. Central neurotox- 

icity in cancer chemotherapy: pharmacogenetic insights. 

Pharmacogenomics 2011;12:379-395. 

. Burgos-Tiburcio A, Santos ES, Arango BA, et al. Development of 

targeted therapy for squamous cell carcinomas of the head and 

neck, Expert Rev Anticancer Ther 2011;11:373-386. 

Bonner JA, Harari PM, Giralt J, et al. Radiotherapy plus cetux- 

imab for locoregionally advanced head and neck cancer: 5-year 

survival data from a phase 3 randomised trial, and relation 
between cetuximab-induced rash and survival. Lancet Oncol 

2010; 11:21-28. 

Oxford Centre for Evidence Based Medicine—Levels of Evidence 

(March 2009). Available at: http://www.cebm.net/. Accessed 

April 5, 2009. 

Head and Neck Contracts Program. Adjuvant chemotherapy for 

advanced head and neck squamous carcinoma: Final report of 

the Head and Neck Contracts Program. Cancer 1987;60:301-311. 

Jacobs C, Makuch R. Efficacy of adjuvant chemotherapy for 

patients with resectable head and neck cancer: a subset analysis 

of the Head and Neck Contracts Program. J Clin Oncol 1990;8: 

838-847. 

The Department of Veterans Affairs Laryngeal Cancer Study 

Group. Induction chemotherapy plus radiation compared with 

surgery plus radiation in patients with advanced laryngeal cancer. 

N Eng J Med 1991;324:1685-1690. 

Wolf GI. Routine computed tomorgraphy scanning for tumor 

staging in advanced laryngeal cancer: implications for treatment 

selection. J Clin Oncol 2010;29:2315-2317. 

Wolf GT, Fisher SG. Effectiveness of salvage neck dissection for 

advanced regional metastases when induction chemotherapy 

and radiation are used for organ preservation. Laryngoscope 
1992;102:934-939. 

Thomas GR, Greenberg J, Wu KI, et al. Planned early neck dis- 

section before radiation for persistent neck nodes after induction 

chemotherapy. Laryngoscope 1997;107:1129-1137. 


18. 


19; 


20. 


21. 


22, 


23. 


24, 


25: 


26. 


De 


28. 


29. 


30. 


31. 


32. 


33), 


34, 


35; 


Forastiere A, Goepfert H, Maor M, et al. Concurrent chemother- 
apy and radiotherapy for organ preservation in advanced laryn- 
geal cancer. N Eng J Med 2003;349:2091-2098. 

Weber RS, Berkey BA, Forastiere A, et al. Outcome of salvage 
total laryngectomy following organ preservation therapy: the 
Radiation Therapy Oncology Group Trial 91-11. Arch Otolaryngol 
Head Neck Surg 2003;129:44-49. 

Machtay M, Moughan J, Trotti A, et al. Factors associated with 
severe late toxicity after concurrent chemoradiation for locally 
advanced head and neck cancer: an RTOG analysis. J Clin Oncol 
2008;26:3582-3589. 

Lefebvre JL, Chevalier D, Luboinski B, et al. Larynx preserva- 
tion in piriform sinus cancer: preliminary results of a European 
Organization for Research and Treatment of Cancer phase III 
trial. J Natl Cancer Inst 1996;88:890-899. 

Lefebvre JL, Horiot J, Rolland F et al. Phase III study on larynx 
preservation comparing induction chemotherapy and radiother- 
apy versus alternating chemoradiotherapy in resectable hypo- 
pharynx and larynx cancers. EORTC protocol 24954-22950. Proc 
Am Soc Clin Oncol 2007;25. 

Pointreau Y, Garaud P, Chapet §, et al. Randomized trial of induction 
chemotherapy with cisplatin and 5-5-FU with or without docetaxel 
for larynx preservation. J Natl Cancer Inst 2009;101:498-506. 

Kraus DH, Zelefsky MJ, Brock HA, et al. Combined surgery and 
radiation therapy for squamous cell carcinoma of the hypophar- 
ynx. Otolaryngol Head Neck Surg 1997;116:637-641. 

Tsou YA, Lin MH, Hua CH, et al. Survival outcome by early 
chemoradiation therapy salvage or early surgical salvage for the 
treatment of hypopharyngeal cancer. Otolaryngol Head Neck Surg 
2007;137:711-716. 

Zelefsky MJ, Kraus DH, Pfister DG, et al. Combined chemo- 
therapy and radiotherapy versus surgery and postoperative 
radiotherapy for advanced hypopharyngeal cancer. Head Neck 
1996;18:405-411. 

Lee NY, O'Meara W, Chan K, et al. Concurrent chemotherapy and 
intensity-modulated radiotherapy for locoregionally advanced 
laryngeal and hypopharyngeal cancers. Int J Radiat Oncol Biol 
Phys 2007;69:459-468. 

The NCCN Clinical Practice Guidelines in Oncology” Head and 
Neck Cancers (Version 2.2011). © 2011 National Comprehensive 
Cancer Network, Inc. Available at: http: NCCN.org. Accessed 
July 1, 2011. 

Calais G, Alfonsi M, Bardet E, et al. Randomized trial of radia- 
tion therapy versus concomitant chemotherapy and radiation 
therapy for advanced stage oropharynx carcinoma. J Natl Cancer 
Inst 1999;91:2081-2086. 

Denis E Garaud P, Bardet E, et al. Late toxicity results of the 
GORTEC 94-01 randomized trial comparing radiotherapy with 
concomitant radiochemotherapy for advanced-stage oropharynx 
carcinoma: comparison of LENT/SOMA, RTOG/EORTC, and NCI- 
CIC scoring systems. Int J Radiat Oncol Biol Phys 2003;55:93-98. 
Denis E Garaud P, Bardet E, et al. Final results of the 94-01 
French Head and Neck Oncology and Radiotherapy Group ran- 
domized trial comparing radiotherapy alone with concomitant 
radiochemotherapy in advanced-stage oropharynx carcinoma. J 
Clin Oncol 2004;22:69-76. 

Adelstein DJ, Lavertu P, Saxton JP, et al. Mature results of a 
phase III randomized trial comparing concurrent chemoradio- 
therapy with radiation therapy alone in patients with stage II 
and [V squamous cell carcinoma of the head and neck. Cancer 
2000;88:876-883. 

Adelstein DJ, Saxton JP, Rybicki LA, et al. Multiagent concurrent 
chemoradiotherapy for locoregionally advanced squamous cell 
head and neck cancer: mature results from a single institution. 
J Clin Oncol 2006;24:1064-1071. 

Machtay M, Rosenthal DI, Hershock D, et al. Organ preserva- 
tion therapy using induction plus concurrent chemoradiation for 
advanced resectable oropharyngeal carcinoma: a University of 
Pennsylvania Phase II Trial. J Clin Oncol 2002;20:3964-3971. 
Vokes EE, Stenson K, Rosen FR, et al. Weekly carboplatin and 
paclitaxel followed by concomitant paclitaxel, fluorouracil, and 
hydroxyurea chemoradiotherapy: curative and organ-preserving 
therapy for advanced head and neck cancer. J Clin Oncol 2003;21: 
320-326. 


36. 


42. 


43. 


44, 


45. 


46. 


47. 


48. 


49. 


50. 


51. 


52. 


53; 


54. 


55. 


56. 


Dit 


Chapter 111: Chemoradiation 1705 


Fallai C, Bolner A, Signor M, et al. Long-term results of conven- 
tional radiotherapy versus accelerated hyperfractionated radio- 
therapy versus concomitant radiotherapy and chemotherapy in 
locoregionally advanced carcinoma of the oropharynx. Tumori 
2006;92:41-54. 


. Skoner JM, Andersen PE, Cohen JI, et al. Swallowing function 


and tracheotomy dependence after combined-modality treat- 
ment including free tissue transfer for advanced-stage oropharyn- 
geal cancer. Laryngoscope 2003;113:1294-1298. 


. Shiley SG, Hargunani CA, Skoner JM, et al. Swallowing function 


after chemoradiation for advanced stage oropharyngeal cancer. 
Otolaryngol Head Neck Surg 2006;134:455-459. 

Gourin CG, Johnson JT. Surgical treatment of squamous cell car- 
cinoma of the base of tongue. Head Neck 2001;23:653-660. 


. Udoff RA, Elam JC, Gourin CG. Primary surgery for oropharyn- 


geal cancer. Otolaryngolo Head Neck Surg 2010;143:644-649. 


. Malone JP, Stephens JA, Grecula JC, et al. Disease control, sur- 


vival, and functional outcome after multimodal treatment fo,r 
advanced-stage tongue base cancer. Head Neck 2004;26:561-572. 
Denittis AS, Machtay M, Rosenthal DI, et al. Advanced oro- 
pharyngeal carcinoma treated with surgery and radiotherapy: 
oncologic outcome and functional assessment. Am J Otolaryngol 
2001;22:329-335. 

Garden AS, Asper JA, Morrison WH, et al. Is concurrent chemora- 
diation the treatment of choice for all patients with Stage III or IV 
head and neck carcinoma? Cancer 2004; 100:1171-1178. 

Marur S, D'Souza G, Westra WH, et al. HPV-associated head 
and neck cancer: a virus-related cancer epidemic. Lancet Oncol 
2010; 11:781-789. 

Ang KK, Harris J, Wheeler R, et al. Human papillomavirus and 
survival of patients with oropharyngeal cancer. N Engl J Med 
2010;363:24-35. 

Adelstein DJ, Ridge HA, Gillison ML, et al. Head and neck squa- 
mous cell cancer and the human papillomavirus: summary 
of a National Cancer Institute State of the Science meeting, 
November 9-10, 2008, Washington, DC. Head Neck 2009;31(11): 
1393-1422. 

Fischer CA, Zlobec I, Green E, et al. Is the improved prognosis of 
P16 positive oropharyngeal squamous cell carcinoma dependent 
of the treatment modality? Int J Cancer 2009;126:1256-1262. 
Fakhry C, Westra WH, Li S, et al. Improved survival of patients 
with human papillomavirus-positive head and neck squamous 
cell carcinoma in a prospective clinical trial. J Natl Cancer Inst 
2008;100:261-269. 

Licitra L, Perrone F, Bossi P, et al. High-risk human papillomavirus 
affects prognosis in patients with surgically treated oropharyn- 
geal squamous cell carcinoma. J Clin Oncol 2006;24:5630-5636. 
Ragin CC, Taoli E. Survival of squamous cell carcinoma of the 
head and neck in relation to human papillomavirus infection: 
review and meta-analysis. Int J Cancer 2007;121:1813-1820. 
Hafkamp HC, Manni JJ, Haesevoets A, et al. Marked differ- 
ences in survival rate between smokers and nonsmokers with 
HPV 16-associated tonsillar carcinomas. Int J Cancer 2008;122: 
2656-2664. 

Straetmans JM, Olthof N, Mooren JJ, et al. Human papillomavi- 
rus reduces the prognostic value of nodal involvement in tonsil- 
lar squamous cell carcinomas. Laryngoscope 2009; 119:1951-1957. 
Rischin D. Oropharyngeal cancer, human papillomavirus, and 
clinical trials. J Clin Oncol 2010;28:1-3. 

Sedaghat AR, Zhang Z, Begum S, et al. Prognostic significance of 
human papillomavirus in oropharyngeal squamous cell carcino- 
mas. Laryngoscope 2009; 119:1542-1549. 

Goodwin WJ Jr. Salvage surgery for patients with recurrent squa- 
mous cell carcinoma of the upper aerodigestive tract: when do 
the ends justify the means? Laryngoscope, 2000;110(Suppl 93): 
1-18. 

Zafereo ME, Hanasono MM, Rosenthal DI, et al. The role of sal- 
vage surgery in patients with recurrent squamous cell carcinoma 
of the oropharynx. Cancer 2009;115:5723-5733. 

Cmelak AJ, Li S, Goldwasser MA, et al. Phase II trial of chemora- 
diation for organ preservation in resectable stage III or IV squa- 
mous cell carcinomas of the larynx or oropharynx: results of 
Eastern Cooperative Oncology Group Study E2399. J Clin Oncol 
2007,25:3971-3977. 


1706 


58. 


59. 


60. 


ol. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


72. 


73. 


74, 


75. 


Section VII: Head and Neck Surgery 


Kostrzewa JP, Lancaster WP, Iseli TA, et al. Outcomes of salvage 
surgery with free flap reconstruction for recurrent oral and oro- 
pharyngeal cancer. Laryngoscope 2010;120:267-272. 

Al-Sarraf M, LeBlanc M, Giri PG, et al. Chemoradiotherapy ver- 
sus radiotherapy in patients with advanced nasopharyngeal can- 
cer: Phase III randomized Intergroup study 0099. J Clin Oncol 
1998;16:1310-1317. 

Chan AT, Teo PM, Nga, RK, et al. Concurrent chemotherapy- 
radiotherapy compared with radiotherapy alone in locoregion- 
ally advanced nasopharyngeal carcinoma: progression-free 
survival analysis of a phase III randomized trial. J Clin Oncol 
2002;20:2038-2044. 

Chan AT, Leung SE, Ngan RK, et al. Overall survival after concur- 
rent cisplatin-radiotherapy compared with radiotherapy alone 
in locoregionally advanced nasopharyngeal carcinoma. J Natl 
Cancer Inst 2005;97:536-539. 

Lin JC, Jan JS, Hsu Cy, et al. Phase III study of concurrent chemo- 
radiotherapy versus radiotherapy alone for advanced nasopha- 
ryngeal carcinoma: positive effect on overall and progression-free 
survival. J Clin Oncol 2004;21:631-637. 

Huncharek M, Kupelnick B. Combined chemoradiation versus 
radiation therapy alone in locally advanced nasopharyngeal car- 
cinoma: results of a meta-analysis of 1,528 patients from six ran- 
domized trials. Am J Clin Oncol 2002;25:219-223. 

Baujat B, Audry H, Bourhis J, et al. Chemotherapy in locally 
advanced nasopharyngeal carcinoma: an individual patient data 
meta-analysis of eight randomized trials and 1753 patients. Int 
J Radiat Oncol Biol Phys 2006;64:47-56. 

Chua DT, Ma J, Sham JS, et al. Long-term survival after cisplatin- 
based induction chemotherapy and radiotherapy for nasopha- 
ryngeal carcinoma: a pooled data analysis of two phase III trials. 
J Clin Oncol 2005;23:1118-1124. 

Chan AT, Teo PM, Leung TW, et al. A prospective randomized 
study of chemotherapy adjunctive to definitive radiotherapy in 
advanced nasopharyngeal carcinoma. Int J Radiat Oncol Biol Phys 
1995;33:569-577. 

Roussy IG. Preliminary results of a randomized trial comparing 
neoadjuvant chemotherapy (cisplatin, epirubicin, bleomycin) 
plus radiotherapy vs. radiotherapy alone in stage [V (>or=N2, 
MO) undifferentiated nasopharyngeal carcinoma: a positive 
effect on progression-free survival. International Nasopharynx 
Cancer Study Group. VUMCA I trial. Int J Radiat Oncol Biol Phys 
1996;35:463-469. 

Ma J, Mai HQ, Hong MH, et al. Results of a prospective random- 
ized trial comparing neoadjuvant chemotherapy plus radio- 
therapy with radiotherapy alone in patients with locoregionally 
advanced nasopharyngeal carcinoma. J Clin Oncol 2001;19: 
1350-1357. 

Leung SE, Tam JS, Chan AT, et al. Improved accuracy of detection 
of nasopharyngeal carcinoma by combined application of circu- 
lating Epstein-Barr virus DNA and anti-Epstein-Barr viral capsid 
antigen IgA antibody. Clin Chem 2004;50:339-345. 

Leung SE, Chan AT, Zee B, et al. Pretherapy quantitative measure- 
ment of circulating Epstein-Barr virus DNA is predictive of post- 
therapy distant failure in patients with early-stage nasopharyngeal 
carcinoma of undifferentiated type. Cancer 2003;98:288-291. 
Chan AT, Lo YM, Zee B, et al. Plasma Epstein-Barr virus DNA and 
residual disease after radiotherapy for undifferentiated nasopha- 
ryngeal carcinoma. J Natl Cancer Inst 2002;94:1614-1619. 
Stenson KM, Kunnavakkam R, Cohen EE, et al. Chemoradiation 
for patients with advanced oral cavity cancer. Laryngoscope 
2010;120(1):93-99. 

Pederson AW, Salama JK, Witt ME, et al. Concurrent chemother- 
apy and intensity-modulated radiotherapy for organ preservation 
of locoregionally advanced oral cavity cancer. Am J Clin Oncol 
2011;34:356-361. 

Cohen EE, Baru J, Huo D, et al. Efficacy and safety of treating T4 
oral cavity tumors with primary chemoradiotherapy. Head Neck 
2009;31:1013-1021. 

Merlano M, Benasso M, Corvo R, et al. Five-year update of a 
randomized trial of alternating radiotherapy and chemotherapy 
compared with radiotherapy alone in treatment of unresectable 
squamous cell carcinoma of the head and neck. J Natl Cancer Inst 
1996;88:583-589. 


76. 


78. 


79. 


80. 


81. 


82. 


83. 


84. 


85. 


86. 


87. 


88. 


89. 


90. 


D1. 


92. 


23% 


Adelstein DJ, Li Y, Adams GL, et al. An intergroup phase III 
comparison of standard radiation therapy and two schedules 
of concurrent chemoradiotherapy in patients with unresectable 
squamous cell head and neck cancer. J Clin Oncol 2003;21:92-98. 
Pignon JP, Bourhis J, Domenge C, et al. Chemotherapy added 
to locoregional treatment for head and neck squamous-cell 
carcinoma: three meta-analyses of updated individual data. 
MACH-NC Collaborative Group. Meta-Analysis of Chemotherapy 
on Head and Neck Cancer. Lancet 2000;355:949-955. 

Bourhis J, Armand C, Pignon JP. Update of MACH-NC database 
focused on concomitant chemoradiotherapy. Proc Am Soc Clin 
Oncol 2004;22:488. 

Browman GP, Hodson DI, Mackenzie BJ, et al. Choosing a con- 
comitant chemotherapy and radiotherapy regimen for squamous 
cell head and neck cancer: a systematic review of the published 
literature with subgroup analysis. Head Neck 2001;23:579-589. 
Bourhis J, Le Maitre A, Baujat B, et al. Individual patients’ 
data meta-analyses in head and neck cancer. Curr Opin Oncol 
2007,19:188-194. 

Vermorken JB, Trigo J, Hitt R, et al. Cisplatin and 5-FU alone 
or with docetaxel in head and neck cancer. N Engl J Med 
2007;357:1705-1715. 

Posner MR, Hershock DM, Blajman CR, et al. Cisplatin and fluo- 
rouracil alone or with docetaxel in head and neck cancer. N Engl 
J Med 2007;357:1705-1715. 

Hitt R, Lopez-Pousa A, Martinez-Trufero J, et al. Phase III study 
comparing cisplatin plus fluorouracil to paclitaxel, cisplatin, and 
fluorouracil induction chemotherapy followed by chemoradio- 
therapy in locally advanced head and neck cancer. J Clin Oncol 
2005;23:8636-8645. 

Bernier J, Domenge C, Ozsahin M, et al. European Organization 
for Research and Treatment of Cancer Trial 22931: postoperative 
irradiation with or without concomitant chemotherapy for locally 
advanced head and neck cancer. N Engl J Med 2004;350:1945-1952. 
Cooper JS, Pajak TE Forastiere AA, et al. Postoperative concur- 
rent radiotherapy and chemotherapy for high-risk squamous- 
cell carcinoma of the head and neck. N Engl J Med 2004;350: 
1937-1944. 

Bernier J, Coope, JS, Pajak TE, et al. Defining risk levels in locally 
advanced head and neck cancers: a comparative analysis of concur- 
rent postoperative radiation plus chemotherapy trials of the EORTC 
(#22931) and RTOG (#9501). Head Neck 2005;27:843-850. 
Cooper JS, Pajak TE, Forastiere A, et al. Long-term survival results 
of a phase III intergroup trial (RTOG 95-01) of surgery followed 
by radiotherapy vs. radiochemotherapy for resectable high risk 
squamous cell carcinoma of the Head and Neck. Int J Radiat 
Oncol Biol Phys 2006;66:S14. 

Cooper JS, Zhang Q, Pajak TE et al. Long-term follow-up of the 
RTOG 9501/Intergroup phase III trial: postoperative concurrent 
radiation therapy and chemotherapy in high-risk squamous cell 
carcinoma of the head and neck. Int J Radiat Oncol Biol Phys 2012. 
In press. 

Bonner JA, Harari PM, Giralt J, et al. Radiotherapy plus cetux- 
imab for squamous-cell carcinoma of the head and neck. N Engl 
J Med 2006;354:567-578. 

Radiation Therapy Oncology Group News. Available at: http:// 
www.ttog.org/News/tabid/72/articleType/ArticleView/arti- 
cleld/15/RTOG-0522-Initial-Results-Reported-at-ASCO.aspx. 
Accessed June 7, 2011. 

Forastiere AA, Metch B, Schuller DE, et al. Randomized compari- 
son of cisplatin plus fluorouracil and carboplatin plus fluoroura- 
cil versus methotrexate in advanced squamous-cell carcinoma of 
the head and neck: a Southwest Oncology Group study. J Clin 
Oncol 1992;10:1245-1251. 

Jacobs C, Lyman G, Velez-Garcia E, et al. A phase III] randomized 
study comparing cisplatin and fluorouracil as single agents and 
in combination for advanced squamous cell carcinoma of the 
head and neck. J Clin Oncol 1992;10:257-263. 

Clavel M, Vermorken JB, Cognetti E, et al. Randomized com- 
parison of cisplatin, methotrexate, bleomycin and vincristine 
(CABO) versus cisplatin and 5-fluorouracil (CF) versus cisplatin 
(C) in recurrent or metastatic squamous cell carcinoma of the 
head and neck. A phase III study of the EORTC Head and Neck 
Cancer Cooperative Group. Ann Oncol 1994;5:521-526. 


94. 


95: 


96. 


97. 


98. 


99). 


100. 


Browman GP, Cronin L. Standard chemotherapy in squamous 
cell head and neck cancer: what we have learned from random- 
ized trials. Semin Oncol 1994;21:311-319. 

Colevas AD. Chemotherapy options for patients with metastatic 
or recurrent squamous cell carcinoma of the head and neck. 
J Clin Oncol 2006;24:2644-2652. 

Vermorken JB, Catimel G, Mulder PD, et al. Randomized phase 
I trial of weekly methotrexate (MTX) versus two schedules of 
triweekly paclitaxel (Taxol) in patients with metastatic or recur- 
rent squamous cell carcinoma of the head and neck (SCCHN). 
Proc Am Soc Clin Oncol 1999;18:395. 

Gibson MK, Li, Y, Murphy B, et al. Randomized phase III evalu- 
ation of cisplatin plus fluorouracil versus cisplatin plus pacli- 
taxel in advanced head and neck cancer (E1395): an intergroup 
trial of the Eastern Cooperative Oncology Group. J Clin Oncol 
2005;23:3562-3567. 

Vermorken JB, Trigo J, Hitt R, et al. Open-label, uncontrolled, 
multicenter phase II study to evaluate the efficacy and toxicity 
of cetuximab as a single agent in patients with recurrent and/ 
or metastatic squamous cell carcinoma of the head and neck 
who failed to respond to platinum-based therapy. J Clin Oncol 
2007;25:2171-2177. 

Herbst RS, Arquette M, Shin DM, etal. Phase II multicenter study 
of the epidermal growth factor receptor antibody cetuximab and 
cisplatin for recurrent and refractory squamous cell carcinoma 
of the head and neck. J Clin Oncol 2005;23:5578-5587. 

Baselg, J, Trigo JM, Bourhis J, et al. Phase II multicenter study of 
the antiepidermal growth factor receptor monoclonal antibody 


101. 


102. 


103. 


104. 


105. 


106. 


Chapter 111: Chemoradiation 1707 


cetuximab in combination with platinum-based chemotherapy 
in patients with platinum-refractory metastatic and/or recurrent 
squamous cell carcinoma of the head and neck. J Clin Oncol 
2005;23:5568-5577. 

Burtness B, Goldwasser MA, Flood W, et al. Phase IL random- 
ized trial of cisplatin plus placebo compared with cisplatin 
plus cetuximab in metastatic/recurrent head and neck cancer: 
an Eastern Cooperative Oncology Group study. J Clin Oncol 
2005;23:8646-8654. 

Vermorken JB, Mesia R, Rivera [F; et al. Platinum-based chemo- 
therapy plus cetuximab in head and neck cancer. N Engl J Med 
2008;359:1116-1127. 

Cohen EE, Rosen F£, Stadler WM, et al. Phase II trial of ZD1839 
in recurrent or metastatic squamous cell carcinoma of the head 
and neck. J Clin Oncol 2003;21:1980-1987. 

Cohen EE. Role of epidermal growth factor receptor pathway- 
targeted therapy in patients with recurrent and/or metastatic 
squamous cell carcinoma of the head and neck. J Clin Oncol 
2006;24:2659-2665. 

Seiwert TY, Haraf DJ, Cohen EE, et al. A phase I study of 
bevacizumab (B) with fluorouracil (F) and hydroxyurea (H) 
with concomitant radiotherapy (X) (B-FHX) for poor prog- 
nosis head and neck cancer (HNC). Proc Am Soc Clin Oncol 
2006;24. 

Vokes EE, Cohen EE, Mauer AM, et al. A phase I study of erlo- 
tinib and bevacizumab for recurrent or metastatic squamous 
cell carcinoma of the head and neck (HNC). Proc Am Soc Clin 
Oncol 2005;23. 


Therapeutic Options for 
Patients Who Fail Primary 


Chemoradiation 


Steven B. Cannady 


Single institution reports, randomized controlled trials, 
and meta-analyses have established that chemoradiother- 
apy protocols improve locoregional control and reduce dis- 
tant metastases in patients with head and neck squamous 
cell carcinoma (HNSCC) (1-9). These protocols have been 
collectively termed “organ preservation strategies” as they 
inherently maintain the anatomic structure being treated. 
Increased usage of organ preservation strategies has led to 
scenarios in which surgical salvage for recurrent or persistent 
disease requires removal of an organ from a significantly 
treated soft tissue and vascular bed. Studies have confirmed 
that operating in the previously treated field leads to a 
greater risk of complications resulting in added morbidity 
after surgery (10,11). In patients with advanced recurrent 
HNSCC, long-term survival is rare, and the quality of life 
(QOL) cost to such added morbidity and decreased func- 
tion may outweigh the benefit of surgery unless adequate 
reconstruction is feasible (12,13). The advent of microvas- 
cular free tissue transfer has reduced the risk of complica- 
tion and increased the possibility of regaining function in 
the posttreatment patient, rendering salvage more appeal- 
ing even for short-term control of disease, amelioration of 
pain, or improvement of function (14-24). 

Free tissue transfer has revolutionized the manage- 
ment of posttreatment sequelae encountered following 
nonsurgical upfront treatment of HNSCC. The functional 
consequences of high dose radiation therapy with con- 
comitant chemotherapy can now be surgically addressed 
in the cured patient to improve QOL (14), swallowing, and 
deglutition (25). Microvascular techniques also allow for 
preservation of normal tissue outside the body during che- 
motherapy and radiotherapy (CRT) with reimplantation 
afterward as in the case of submandibular gland preserva- 
tion techniques. 

Within this chapter, treatment options following failed 
chemoradiation are discussed. The applications of micro- 
vascular free tissue transfer in the treatment of recurrent 
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HNSCC following previous nonsurgical treatment are 
reviewed. The relative merits of free tissue transfer in the 
treatment of each subsite of HNSCC are assessed. The use 
of free tissue transfer in the reconstruction of treatment- 
related complications is also discussed. 

Surgical salvage after failed chemoradiation is by far 
the most common treatment option available for these 
patients. Other options that that have been described 
include chemotherapy, reirradiation (external beam and 
brachytherapy), and hospice care. Each of these is briefly 
described. 


Before we can discuss the possible treatment options for 
patients that have failed chemoradiation, we must under- 
stand the underlying tissue consequences of the initial 
treatment. 

The role of chemotherapy in the treatment of head and 
neck oncology is well discussed in a previous chapter in this 
textbook. There are many agents available for treatment in 
the primary setting. Investigational agents have been used 
in Phase I and Phase II trials, and there is some question 
about whether, in Phase IL trials, chemotherapy as a single 
modality treatment may be efficacious. Chemotherapy in 
the majority of head and neck tumors is combined with 
radiation therapy in a protocol known as chemoradiation. 
Here, the chemotherapy may be used as a sensitizing agent 
or as a direct combination therapy with the radiation to 
kill the tumor cells. Consequently, the majority of patients 
who present for salvage treatment, who have had chemo- 
therapy, will have had this as a combined modality treat- 
ment with radiation therapy. 

Chemotherapy has been demonstrated to not only 
enhance the tumor kill effectiveness of the radiation ther- 
apy but also to increase the postoperative complications in 
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patients who require salvage surgery. The effects of radia- 
tion therapy on the tissues have been described both from 
a short- and long-term toxicity perspective. Chemotherapy 
will adversely affect patients in the short term as well as in 
the long term. Patients who recur and who require salvage 
treatment in the close term will oftentimes be debilitated, 
have lost significant amounts of body weight, and still be 
suffering from some of the acute toxicity, such as mucositis 
and soft tissue necrosis. These patients will have underlying 
metabolic disorders and will be in a high catabolic state. 
Their ability to heal their wounds will be less than patients 
who have not undergone this treatment. Consideration of 
these issues should be undertaken with nutritional supple- 
mentation, and g-tube placement will need to be consid- 
ered in these patients. 

The effects on soft tissue of chemotherapy and chemo- 
radiation will be greater than that of just radiation alone. 
The soft tissue fibrosis and long-term scarring will be more 
extensive. Combined with the patient’s inability to heal 
well, the patients who undergo salvage surgery following 
chemoradiation are more prone to develop local morbidi- 
ties and complications from poor tissue and wound heal- 
ing. Not only must the primary closure site of the ablated 
defect be considered, but the prophylactic reconstruction 
of the soft tissues that have been affected by the previ- 
ous treatments must also be considered if one is to reha- 
bilitate these patients and allow them to heal the arterial 
response to radiation that occurs most severely within the 
capillary endothelium and is the mechanism of late tissue 
manifestations of radiation therapy (XRT). The results of 
histologic changes to the capillaries lead to tissue anoxia 
and dilation of remaining capillaries (26,27). Larger arter- 
ies have different responses to XRT based on their sizes; 
small (less than 100 pm) to medium (100 to 500 um) ves- 
sels suffer adventitial fibrosis, medial hyalinization, and 
intimal foam cell accumulation, whereas large arteries 
(greater than 500 pm) tend to be more resistant to these 
changes (28-30). Large arteries can suffer complications 
associated with neointimal proliferation, atheromatosis, 
thrombosis, and rupture, whereas the effect of chronic 
radiation on medium to large vessels is caused by injury 
to the vasa vasorum owing to a greater incidence of athero- 
sclerosis within these vessels—a major concern in the use 
of microvascular free flaps (Fig. 112.1). This phenomenon 
is well documented in studies of irradiated carotid arteries, 
to which most head and neck reconstructive free flaps are 
anastamosed (31). Finally, the vascular physiology itself 
is altered by radiation therapy such that less blood flow 
occurs due to increased smooth muscle vasoconstriction 
and increased pressure in the capillary system secondary to 
tissue fibrosis of surrounding tissues (32). 

Additional tissue-specific treatment effects of particular 
interest to oncologic surgeons include late toxicity to the 
skin, mucosa, salivary tissue, mandible, and laryngotra- 
cheal cartilages. It is well established that when exposed 
to radiation therapy, mucocutaneous tissue changes that 


1709 


. prot 
ze Z CONTRASI 
es >PARENCY 


» 2 > del: 
& . ’ type 
t q series## 603 


- 
: 


q Brilliance 64 


OHSU 

J , C14 

study dateO$aly 20nog .. CTD] 
study time1i02 Pa ’ ~ «a DLP 


thickOmm 
spacing mm 365561900tech 
sec/rot . ie. WN 
: cont 
vol100c¢ 
rate 5cc/see 
asampie 
. resol 
algor , 7 matrix 512 
filter A slice loc mm 


slice#40 


Figure 112.1 This CT angio of the carotids demonstrates severe 
disease of the left carotid system. There is a stent present, but 
the common carotid below the stent has severe atherosclerotic 
changes. 


include increases in vascular permeability, fibrin deposi- 
tion, collagen formation, and ultimately, tissue fibrosis 
occur (33). Salivary tissue is exquisitely sensitive to XRT 
causing marked degeneration and loss of saliva. In a series 
of studies on XRT-related damage to the mandible, Marx 
(34) demonstrated that the triad of hypoxia, hypocellu- 
larity, and hypovascularity in posttreatment bone leads 
to tissue breakdown and chronic nonhealing wounds 
associated with osteoradionecrosis (ORN) of the jaw. It is 
thought that this process occurs in up to 56% of patients 
that undergo XRT to the head and neck, but it is unclear 
how many will manifest clinical symptoms; however, as 
many as half of those that become clinically apparent will 
require surgical interventions (35) (Fig. 112.2). A similar 
process is plausible in the cartilaginous structures of the 


Figure 112.2 This intraoperative photograph demonstrates 
ORN with a fracture. The bone around the fracture site is dead. 
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upper aerodigestive tract leading to chondroradionecrosis 
(CRN) with less frequency than mandible necrosis—5% 
to 12% of radiated laryngeal cancers (36). These latter two 
tissue effects can mimic cancer recurrence and thus often 
require a thorough workup for recurrence. In addition, 
the effects on bone and cartilage may be severe enough to 
warrant ablative surgery of the structure in question with 
reconstruction, even in the absence of recurrent disease, to 
improve pain and function. 


RECURRENT HNSCC: EFFICACY 
OF TREATMENT 


Surgery remains the standard of care and occasionally is 
the only available treatment for recurrent HNSCC that is 
deemed resectable by multidisciplinary care teams (37). 
In a large meta-analysis, Goodwin established the survival, 
complications, operative mortality, and treatment effect of 
salvage surgery for patients with recurrent HNSCC (13). In 
addition, his concomitant observational study collected 
QOL data, performance status, and financial consider- 
ations to assess the overall effectiveness of salvage on these 
parameters. 

It was established within Goodwin’s meta-analysis that 
the 5-year overall average survival after salvage surgery is 
39%, but a large separation was noted between early (Stage 
I or II) larynx recurrence (83%) versus late (Stage III or IV) 
larynx (37%), oral cavity (43%), and pharynx (26%) recur- 
rences. Disease-free survival was similarly stratified denoting 
a clear difference in outcome for patients with early laryngeal 
recurrence. Surgical complications and mortality were also 
assessed in this analysis with a 5.2% risk of death from sur- 
gical salvage or its complications. Although the definition of 
major and minor complication is variable within the litera- 
ture, a consistent risk in the range of 30% to 40% for salvage 
surgery of the primary is cited in the literature (10,11), with 
better outcomes in patients requiring only planned neck dis- 
sections or dissections for persistent disease (38). 

In the prospective arm of Goodwin’s study, survival for 
109 patients was 21.5 months. Recurrent stage was again 
a significant survival predictor, with decreasing survival as 
stage advanced, but original cancer stage was not a predic- 
tive factor. Interestingly, patients that had received prior 
chemotherapy had worse survival than those that did not, 
but no survival effect was noted for prior radiation or surgi- 
cal treatments. QOL was assessed by the Functional Living 
Index-Cancer Questionnaire before and after surgery and 
demonstrated a decline with increasing stage of recurrent 
disease; the percentage of patients showing improvement 
was 64%, 65%, 41%, and 39% for Stage I, IL, Ill, and IV, 
respectively. No significant difference in QOL existed 
for site of recurrent disease. Performance status was also 
assessed via the Performance Status Scale for Head and 
Neck Cancer Patients. Normalcy of diet varied considerably 
by site of recurrence and declined with advancing stage of 
recurrence and showed that only 47% of patients had a 


successful outcome after surgery. Forty-one percent (41%) 
had a successful outcome with respect to understandabil- 
ity of speech following surgery. Public eating behavior was 
improved in 50% of patients following surgery and again 
varied with recurrent stage. Operative mortality was slightly 
less (1.8%) in this series than in the retrospective review as 
were complications (20.2%). Average length of stay in the 
hospital following salvage was 11.5 days with an average 
cost of $5,700 per day in the year 2000. 

This study was paramount to the understanding of out- 
comes for patients undergoing surgical salvage of recurrent 
HNSCC; however, many of these patients had undergone 
radiotherapy as the sole modality of treatment, and there 
was no analysis of free-flap surgery’s contributions to com- 
plications, QOL, or performance status. Recent studies have 
suggested that QOL may be maintained at a stable level 
(despite some performance impairments) with the use of 
free-flap reconstruction after head and neck ablative surgery 
(14). Bozec et al. employed the European Organization for 
Research and Treatment of Cancer’s Core Quality of Life 
Questionnaire (EORTC-QLQ-C30) before surgery and at 
6 and 12 months in 13 patients with recurrent tumors to 
determine that no drop in global QOL occurred. 

In addition, Kim et al. (22) studied the outcomes of 
patients undergoing salvage surgery with free-flap recon- 
struction for recurrent HNSCC. One hundred and six 
patients treated at the University of California at Los Angeles 
were reviewed. Sixty-nine patients were radiation alone fail- 
ures, 14 were chemoradiation failures, and the remaining 
patients failed after either surgery alone or combined ther- 
apy. Major perioperative complications occurred in 34% of 
patients and were comprised mostly of skin necrosis (7.5%) 
or fistula (3.8%). Many of these patients re-recurred (74%) 
at an average time interval of nine months, an occurrence 
that was predicted by recurrent T class and persistent smok- 
ing. These results are disappointing with respect to tumor 
control, but remain consistent with Goodwin’s review and 
reflect similar rates of survival and complications to reirra- 
diation protocols (37,39-42). No functional or QOL data 
are available from this study; however, based on the previ- 
ously mentioned QOL study by Bozec, one can extrapolate 
that patients may die before reaching maximal QOL; aver- 
age time to death was 9 months in the 74% of patients 
that re-recurred, but QOL is not maximized until between 
6 and 12 months following surgery. This creates a signifi- 
cant treatment dilemma that requires sound clinical judg- 
ment and open communication with patients to make 
appropriate decisions on an individual basis. 

Although some evidence exists suggesting that primary 
closure is superior to flap reconstruction for swallowing 
outcomes following ablative head and neck surgery, pre- 
vious treatment limits the availability of healthy tissue for 
primary closure (43). As evidenced by Khariwala et al. (25), 
four out of five patients undergoing ablation followed by 
free-flap reconstruction will resume oral intake, which 
compares favorably to historical data using pedicled or 
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local tissue reconstructions. In this study, nearly half of 
patients had been previously irradiated, and nearly 20% 
had previous surgery, further adding to the impressiveness 
of their swallowing results. They also determined that pre- 
operative irradiation, total glossectomy, hypopharyngeal 
defect, base of tongue surgery, and oropharyngeal surgery 
were risk factors for poor swallowing (g-tube dependence) 
following reconstruction. The authors recognized that 
in addition to subsite importance, the size of defect and 
reconstruction was important to include in the swallowing 
prognosis when counseling a patient. 

Taken as a whole, these studies suggest that salvage sur- 
gery offers a viable, albeit low likelihood, chance for long- 
term survival with acceptable QOL and swallowing rates. 
Therefore, in properly selected patients that are motivated 
to attempt salvage, ablation with free tissue reconstruction 
should be considered after in-depth counseling. 


FREE TISSUE TRANSFER TO A 
PREVIOUSLY TREATED FIELD 


Free tissue transfer is now accepted as the standard of care 
in the reconstruction of many head and neck defects, with 
high probability success rates (95%) (44). However, trans- 
ferring free tissue to a previously treated head and neck 
site poses several challenges. Whether the initial treatment 
was surgery, radiation, chemoradiation, or a combination 
thereof, clear tissue effects may limit local reconstructive 
options as well as the ability to transfer free tissue (45). 
Multiple studies document that decreased vascularity of 
skin results in relatively high rates of local skin flap necro- 
sis for salvage surgery following XRT or CRT (Fig. 112.3) 
(10,11,22). The reconstructive surgeon must be prepared 
to deal with local wound complications resulting from 
skin changes and should counsel patients preoperatively 
of the potential for a protracted wound healing course. 
Some authors advocate the use of concomitant regional 


Figure 112.3 Representative example of skin flap necrosis—a 
common wound complication encountered in salvage surgery. 
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flaps for superficial coverage of important structures due to 
the expectation of some degree of skin loss in the heavily 
treated neck, particularly when single free-flap procedures 
will not be adequate to provide the volume of tissue nec- 
essary to reconstitute the internal defect and bolster mar- 
ginal skin (19). Surgical planning is paramount to limiting 
skin flap loss, as prior incisions must be coordinated with 
planned salvage incisions in a way that limits devascular- 
ization of tenuous skin. Proper planning can limit minor 
skin flap loss as well as potentially lethal exposures of 
deeper neck structures such as the carotid arteries. 

Nonetheless, free tissue transfer has proven feasible in 
the previously treated patient with similar rates of flap fail- 
ure (15-17,19,22-24,46). In a study by Choi et al. (16) 
which compared patient cohorts that had no XRT to those 
undergoing preoperative or postoperative XRT, no differ- 
ence in rate or severity of local postoperative complications 
was noted, but high complication rates were cited in all 
groups (46% to 65%). Additionally, Cohn et al. (17) exam- 
ined the use of free tissue reconstruction after twice previ- 
ous chemoradiation and found that wound complication 
was common (66%), but flap loss was not (6%). However, 
of the 24 patients undergoing free-flap reconstruction, four 
required additional free flaps for wound healing issues, 
and eight required additional regional flaps for the same. 

In contrast, other authors have noted increased free-flap 
loss in addition to expected delays in wound healing and 
increased infections in second flap procedures (21). The 
largest such cohort examined results with 50 second flaps 
and 12 third flaps and reported 88% and 75% success, 
respectively, compared with 94% in primary flap surgery 
(45). Whether the lower success rates are related to vessel 
selection, flap choice, patient physiology, or other reasons 
remains speculative. 

The emerging sentiment from these studies seems to be 
that even though free-flap success rates are high, the sur- 
geon should expect some degree of minor wound compli- 
cation with the potential for more severe healing problems 
that require second flaps. The small cohort of patients 
reported by Dubsky et al. (19) lends promise to the con- 
cept of double flap reconstruction; they utilized jejunum- 
free tissue with pectoralis major rotational flaps in the 
reconstruction of recurrent hypopharyngeal tumors and 
suffered no flap losses or wound complications requiring 
further surgical therapy. 

The selection of recipient vessels remains a challenge in 
the previously treated patient; some authors report a 50% 
rate of contralateral vessel use when previous neck surgery 
had been performed, necessitating long vascular pedicles 
in reconstruction (47). In addition, the surgeon must be 
prepared to utilize out of field recipient vessels if the health 
of in-field vessels is suboptimal. Particularly in the previ- 
ously irradiated and surgically treated neck, the internal 
mammary artery and transverse cervical arteries and veins 
should be held in reserve, and saphenous vein grafts may 
be necessary (17) (Fig. 112.4). 
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Figure 112.4 A RFFF is demonstrated here. The vascular pedicle 
has been lengthened by the addition of saphenous vein grafts to 
the radial artery and the two venae comitantes. 


Few papers exist specifically addressing the use of free 
flaps in the salvage setting. Below is a summary of perti- 
nent literature on the use of free flaps in previously treated 
patients. Some reference is made to larger series that 
include treated and treatment naive patients in the interest 
of completeness. 


Nasopharynx/Skull Base/Paranasal Sinuses 


Intergroup Study 0099, a phase III randomized controlled 
study comparing chemoradiotherapy to XRT alone for 
nasopharyngeal carcinoma (NPC), established chemora- 
diation as the primary treatment of NPC (48). Recurrent 
nasopharyngeal HNSCC occurs in approximately 30% 
of patients; treatment options include reirradiation with 
either external beam or brachytherapy or nasopharyn- 
gectomy (49). Survival following reirradiation ranges 
between 16% and 45% with 5-year local control of 50% 
to 60%. Reirradiation of locally recurrent NPC has been 
well described in the literature. The inaccessibility and the 
reluctance of many centers to undertake nasopharyngec- 
tomy have led to a large experience in the management 
of local failure. The patients with local recurrence do well 
with nasopharyngeal retreatment. Mortality rates are less 


than 5%. Patients who have limited volume or current 
disease may be treated with break therapy and also have 
excellent local control rates. 

While local control rates with reirradiation can be 
achieved, the patient population often is preselected. 
Patients will have significant morbidity secondary to the 
tumor as well as from the treatment. The definitive answer 
to the role of reirradiation awaits being answered by a 
multiinstitutional controlled study. Nasopharyngectomy 
results in survival between 4% and 67% with local control 
from 43% to 67% (50). QOL studies indicates that naso- 
pharyngectomy using the anterolateral or maxillary swing 
approach results in acceptable outcomes (51,52). 

When larger resections of the nasopharynx, skull base, or 
paranasal sinuses are necessary, a free flap may be required 
to reconstitute nasal-cranial separation or to cover vital 
structures. As nasopharyngectomy must remove the naso- 
pharynx, pterygoid musculature, Eustachian tubes, and 
pre-/post-styloid tissues, it is often performed via an antero- 
lateral approach which also provides access for reconstruc- 
tion (53). In 2005, Bridger et al. (53) studied 11 patients 
who underwent nasopharyngectomy for recurrence, seven 
of which were reconstructed with radial forearm free flaps 
(RFFF). The facial vessels were used as recipient artery and 
vein, and there were no instances of flap loss. The authors 
felt that the inset of free flaps was feasible when antero- 
lateral approaches were used, but recognized the potential 
for bone loss with this approach with later need for bone 
replacement. Following extensive nasopharyngectomy, it is 
important to reline both the skull base and parapharyn- 
geal space to avoid carotid and brain exposure whenever 
possible. 

Skull base tumor resections require extensive reconstruc- 
tion particularly when performed in the setting of previous 
surgery or radiation as regional tissue may not be suitable for 
use (54). A large series of patients who underwent cranio- 
facial resection with free-flap reconstruction was reported 
by Chiu et al. in 2008 (54). In this series from Memorial 
Sloan-Kettering Hospital, the rectus abdominis myocutane- 
ous flap was used in 68 patients, a radial forearm in one, 
and latissimus flap in one; all 70 free flaps survived. It is dif- 
ficult to separate complications that are directly related to 
free-flap surgery; however, early and late complication rates 
were similar to reports that did not use free-flap reconstruc- 
tion (54). Speech, oral intake, globe position and vision, 
and aesthetics were all assessed postoperatively with accept- 
able results. Cerebrospinal fluid (CSF) leak was avoided 
in 93% percent of patients. Weber et al. reported on the 
Oregon Health and Sciences University Hospital experi- 
ence and reported similar results with the use primarily of 
radial forearm (25), rectus abdominis (12), latissimus (4), 
and one each of anterolateral thigh (ALT), scapula, serratus 
anterior, and ulnar flaps for post-surgical or post-traumatic 
defects. In their study, seven patients (18.4%) required sec- 
ond flaps for flap death (3), partial necrosis (2), pneumo- 
cephalus (1), or tumor recurrence (1) (55). 
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Although these groups did not specifically address results 
in recurrent disease, it is known that complication rates are 
higher in this setting; the University of Michigan has pub- 
lished results with the use of free flaps in recurrent skull base 
resections (15). Chepeha et al. performed free-flap recon- 
structions on 20 patients following recurrent tumor surgery. 
All patients underwent radial forearm flap surgery, six with 
bony components for orbital rim reconstruction. Local 
complications were common (35%), but major complica- 
tions were rare (15%), with only one instance of CSF leak. 
Complications attributed to reconstruction were CSF leak 
(5%) and venous compromise (5%)—both were resolved 
with single reoperation. Given the usually high rate of 
major complication with skull base surgery (27% to 75%), 
and even higher incidence in patients with previous treat- 
ment, the use of free tissue seems to improve results (15). 

Review of these studies suggests that free flaps may 
reduce complication rate and severity in surgery for recur- 
rent nasopharyngeal and skull base. When the degree of 
resection dictates reconstruction, free tissue should be 
considered safe and potentially useful in wound healing. 


Oral Cavity 


The oral cavity encompasses the following subsites of the 
head and neck: lip, buccal mucosa, lower alveolar ridge, 
retromolar trigone, upper alveolar ridge and hard palate, 
and floor of mouth and anterior tongue. Because the oral 
cavity is essential in the handling of food boluses, taste, 
and speech, microsurgical reconstruction of the oral cavity 
has emerged as a well-established and effective technique 
for rehabilitation following primary ablative procedures in 
these areas (5G). The 5-year survival for oral cavity cancer 
is 46% to 59%, but is significantly related to site and stage, 
Stage I—53% to 90%, Stage II—54% to 100%, Stage II1— 
37% to 71%, and Stage IV—15% to 50% (57). Primary 
surgery is common for tumors of the oral cavity, and post- 
operative XRT is employed frequently; therefore, recur- 
rences occur in an irradiated, previously operated field. 
Local recurrences generally require more aggressive 
ablative procedures, and locoregional tissues are less avail- 
able due to prior surgery and/or radiation. Thus, micro- 
vascular free-flap reconstruction is frequently employed 
to reconstruct re-resected structures. Often, initial surgery 
will have resulted in a prior reconstruction with a free flap. 
However, second flap surgery has been shown feasible with 
acceptable results for both soft tissue and bone reconstruc- 
tion (56,58). In the largest study of second free flaps for 
recurrent cancer, Demirkan et al. (56) studied 35 patients 
who underwent a total of 75 free tissue transfers for their 
first and second reconstructions. Second resections were 
reconstructed with more bone flaps since the second resec- 
tion more frequently required segmental mandibulec- 
tomy. Flap survival rate was 94.6% in salvage surgery with 
a re-exploration rate of 13.5% (56). The same group also 
demonstrated that a third flap after a third resection is 
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feasible (59). In contrast, Ross et al. (45) recently showed 
that free-flap success rates decline for second flaps (88%) 
and third flaps (75%) compared with primary flaps (95%) 
in their series of patients. 

Evidence suggests that free-flap reconstruction in 
the oral cavity allows the patient better opportunity for 
functional rehabilitation than local flap closure (25). 
Swallowing data from the Khariwala et al. study showed 
that free-flap reconstruction of the buccal mucosa, or 
mandible, resulted in no significant impact on swallowing. 
These patients tended to have normal or soft solid diets. 
In addition, few patients with ventral tongue or hemiglos- 
sectomy defects were unable to swallow after microvascu- 
lar reconstruction (19% to 22%). Total glossectomy defects 
had much worse swallowing results and will be addressed 
as part of the oropharynx subsite. A large number of these 
patients underwent prior treatment, so this study gives the 
best estimate available of swallowing outcomes after sal- 
vage surgery with free-flap reconstruction in the oral cavity. 
In addition, decannulation rates are in the 85% to 100% 
range and are superior to pedicled flaps in this regard (60). 

Optimal free-flap choice for oral reconstruction is debat- 
able. Some authors suggest ALT flaps are superior to RFFF 
because they do not sacrifice a major blood vessel and 
are usually primarily closed (61). However, flap selection 
should consider the donor site defect as well as the optimal 
reconstruction on an individual defect basis. The major- 
ity of oral cavity defects may be reconstructed with ALT 
or RFFE More extensive defects may required musculocu- 
taneous free tissue transfer as in the case of through and 
through resections involving buccal mucosa and cheek skin. 
A special consideration is that of bony defect in oral cavity 
reconstruction. Bony reconstitution is best for long-term 
function and can be accomplished with fibula free flaps, 
osteocutaneous RFFE, iliac crest free flaps, or scapula free 
flaps (Fig. 112.5). Each has relative merits and should all 
be considered part of the armamentarium of reconstructive 
flaps available to the surgeon—these are further explored 
in a section on ORN reconstruction later in this chapter. 
Regardless of flap choice, successful rehabilitation of speech 
and swallowing requires mobile tongue and ability to use it 
in the transit of a food bolus through the oral cavity. 


Oropharynx 


Chemoradiation protocols are well established as upfront 
organ-sparing treatments for Stage III and IV tumors of the 
oropharynx and N2-N3 neck disease (62). No trials exist that 
have compared surgery and reconstruction to organ-sparing 
treatment as an upfront treatment; however, when compared 
with historical data, chemoradiation affords increased over- 
all survival, disease-free survival, and locoregional control 
over radiation alone or surgery. With a reported 66% rate 
of locoregional control, roughly a third of patients will go 
on to require surgery in a heavily treated bed. Thus, salvage 
surgery, when viable, should be coupled with reconstruction 
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Figure 112.5 This patient presented with recurrent oral cavity tumor that required surgical resec- 
tion. A: Oral cavity resection including the floor of mouth and angle-to-angle mandibulectomy. B: A 
fibula free flap was used to reconstruct the soft tissue defect and the bone. 


to employ vascularized tissue in the form of rotational or 
free flaps. More recently, several retrospective reviews have 
begun to investigate the role for upfront surgery in the form 
of transoral robotic surgery, transoral laser surgery, or tra- 
ditional open surgery for oropharyngeal cancers (63-66). 
However, many patients still undergo postoperative radia- 
tion or chemoradiation protocols, and salvage surgery will 
still occur in the radiated field for these patients. 

Literature exists to suggest primary closure of oropha- 
ryngeal defects in the untreated patient affords improved 
swallowing of liquids, less pharyngeal residue, and shorter 
pharyngeal delay times on videofluoroscopic studies com- 
pared with patients undergoing myocutaneous rotational 
flaps or free flaps (43). In the previously treated patient, 
especially when chemoradiation has been employed, there 
is little disagreement among experts that local tissue is not 
often a viable option for large defects. In smaller resections 
for T1 recurrent disease, primary closure or local flaps are 
still an option. Examples of local options include primary 
closure, buccal flaps, facial artery myocutaneous flaps, 
tongue flaps, palatal island flaps, and submental island 
flaps. Compromised vascularity, fibrosis, and limited 
viable tissue make local reconstructions difficult in previ- 
ously treated beds. Rotational flaps should be considered 
in the reconstructive ladder when assessing the oropha- 
ryngeal defect. However, recent data suggest that function 
is improved with free-flap reconstruction over rotational 
flaps (25). The authors prefer reconstruction of most oro- 
pharyngeal salvage defects with free-flap reconstruction. 
Information on free-flap success for oropharyngeal salvage 
is sparse; however, most of the patients in Kim et al. series 
were oropharyngeal reconstructions, and a high rate of 
success was encountered (no free-flap failures) (22). 

Shiley et al. examined 30 patients treated by chemo- 
radiation for advanced-stage oropharyngeal cancer. They 
reported that 82% of patients required g-tubes at some 
point in their treatment. After 1 year of follow-up, patients 


without recurrence required g-tubes 31% of the time to 
maintain their weight. In contrast, a study from the same 
institution that reviewed patients treated by surgery involv- 
ing free-flap reconstruction reported that 50% of patients 
were g-tube dependent. While the number was small, the 
patients that are salvageable can be expected to achieve 
relative good swallow function when considered in the 
context of their prior treatment status. 

Depending on which subsites (tongue base, tonsil, pha- 
ryngeal walls, soft palate) of the oropharynx and adjacent 
structures (mandible) are involved in a resection, the opti- 
mal free flap used in reconstruction may vary considerably 
(44). As previously mentioned, operations in the previ- 
ously chemoradiated field are associated with increased 
rate of complications, some of which can be catastrophic. 
Therefore, the goal of reconstruction is to reconstitute the 
deficient tissue in a functional way, circumvent complica- 
tions such as fistula, and avoid compromise of the adjacent 
normal tissue and its functions. The tongue base requires 
bulky reconstruction to allow for its function in propelling 
food boluses posterior by abutting the oropharynx. When 
adjacent oropharynx is involved with a resection, a more 
complex three-dimensional reconstruction is important 
to preserve function and swallowing. As expected, when 
multiple subsites of the oropharynx are involved in a resec- 
tion, swallowing tends to be poorer with a 59 times greater 
likelihood of poor swallowing outcomes (25). RFFF allows 
for resurfacing of large area of defect without adding excess 
bulk that might impede breathing or swallowing while 
affording a long vascular pedicle that can reach second or 
third choice donor vessels often employed for salvage sur- 
gery. The radial forearm flap may also be transferred as a 
sensate flap to aid in swallowing. Alternatives include the 
lateral arm flap, or ALT, both of which tend to be of thicker 
caliber, with shorter pedicle length; however, they may be 
useful in reconstruction of the tongue base where bulk is 
desirable (44). 
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Important QOL outcomes following oropharyngeal 
reconstruction with free flaps have been evaluated and 
indicate excellent results. The vast majority of patients 
achieve tracheotomy decannulation (44). Khariwala et al. 
found that over 70% of reconstructed patients achieve the 
ability to swallow after oropharynx resection and free flap. 
However, the total glossectomy defect is unique in that no 
patients were able to resume oral intake (25). Total glos- 
sectomy defects combine oral cavity and oropharyngeal 
resections and have poorer swallowing results than for 
either site alone. A bulkier flap can be effective at providing 
tissue to oppose the pharynx and soft palate in attempts 
to swallow; however, it is infrequently sufficient alone to 
rehabilitate swallowing. In addition, an increased risk of 
aspiration is associated with this defect and reconstruction, 
therefore resulting in fewer decannulations (44). 


Larynx 


Level I evidence now exists to establish concomitant 
chemoradiotherapy as an accepted method for defini- 
tive organ preservation treatment in advanced laryngeal 
cancer based on multiple important studies starting with 
The Department of Veterans Affairs Larynx Trial as well 
as Radiation Therapy Oncology Group Trial 91-11 (RTOG 
91-11) (1,8). In a follow-up study to RTOG 91-11, Weber 
et al. examined a cohort of 129 patients from the trial that 
required total laryngectomy (TL) after an attempt at upfront 
organ preservation strategy (67). The incidence of TL was 
5% for aspiration of chondronecrosis with the remaining 
TL for recurrence or persistence. The incidence of complica- 
tions was 52% to 59%, with fistula formation in 15% to 
30%. The concomitant chemoradiotherapy group experi- 
enced minor complication rates of 41% and major compli- 
cation rate of 5%. Locoregional control was 74% to 90% 
depending on upfront treatment. Thus, data support an 
upfront nonsurgical management strategy for organ preser- 
vation with excellent salvage rates for persistent or recurrent 
disease. Hence, the heavily treated salvage bed scenario is 
frequently encountered in salvage laryngeal surgery. 

Free tissue transfer is a useful adjunct in salvage TL 
surgery that has been shown to reduce the risk of leak 
and complication. Fung et al. reported results from the 
University of Michigan in which patients undergoing sal- 
vage laryngectomy after failed radiotherapy or concurrent 
chemoradiotherapy received free-flap reconstruction to 
reinforce the pharyngeal flap closure (patients that required 
skin paddle for closure were excluded). These patients 
were compared with a historical control of 27 patients 
from RTOG 91-11 with the same eligibility criteria but did 
not undergo free tissue reinforcement. The fistula rate was 
comparable between groups, but the rate of major wound 
complication was reduced from 14.8% without a flap to 
0% in the flap group (20). Further, Winthrow et al. demon- 
strated that even when sufficient mucosa is present to close 
the defect primarily, free-flap reconstruction results in a 
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lower rate of fistula (18%), stricture (18%), and feeding 
tube dependence (23%) than primary closure (50%, 25%, 
and 45%, respectively) (24). In their series, the free flap 
was used as a patch to supplement the anterior post laryn- 
gectomy defect and take it off tension; 16 were RFFE and 
one was a rectus. 

The RFFF is well suited for reconstruction of the post lar- 
yngectomy defect (Fig. 112.6). It is thin and has adequate 
pedicle length to reach multiple donor vessel choices. 
Thicker fasciocutaneous flaps are less desirable due to the 
relative fibrosis of posttreatment skin and inability to close 
it well primarily with added bulk. Both the Michigan series 
and Winthrow et al. relied primarily on forearm flaps with 
good success. The authors advocate for the use of this flap 
given its success. Based upon the two studies described, 
swallowing results are good overall following laryngectomy 
with free-flap closure and represent an improvement over 
primary closure alone. When the laryngectomy is extended 
to include partial or total pharyngeal defects, the recon- 
structive options change as described in the hypopharynx 
section below. Others studies have confirmed that pecto- 
ralis muscle flaps either to provide coverage of the pha- 
ryngeal repair or as a patch graft also if effective means of 
preventing leaks (68-70). 

Partial laryngeal surgery appears oncologically safe 
in some sets of circumstances in recurrent laryngeal can- 
cer (71-74). No data exist to support the use of free flaps 
in this setting; however, as more conservation surgery is 
employed, these data will likely follow. Currently, free fas- 
ciocutaneous tissue is used at our institution on a case-by- 
case basis with data forthcoming on its relative benefits. 


Hypopharynx 


Recurrent tumors involving the hypopharynx presumably 
extend the tissue deficit after resection and the need for free 
tissue to reconstitute the swallowing tract. Multiple small 
series demonstrate the feasibility of total laryngophar- 
yngectomy with free-flap reconstruction with acceptable 
functional and wound outcomes (19,75,76). Disease- 
specific survival at 5 years is low in recurrent hypopharyn- 
geal carcinoma (20%) (13,77). When resection is possible, 
free tissue has provided a tool to decrease severe complica- 
tions, shorten hospital stay, and speed time to resumption 
of oral intake as compared with pedicled (78). 

QOL studies confirm that the use of free jejunal tissue 
transfer in the reconstruction of total laryngopharyn- 
gectomy (TLP) defects results in acceptable QOL with 
mildly perceived clinical dysphagia; however, radio- 
logic assessment often showed disturbed bolus transport 
through the jejunal segment. The radiologic and clinical 
findings did not seem to correlate suggesting that the flap 
functions well even when radiographic tests suggest abnor- 
mal swallowing (75). 

Most series that directly investigate post-CRT or XRT- 
free tissue reconstruction of TLP are too small to remark 


on complication rates; however, the series’ sited state that 
the perioperative courses were unremarkable—no signifi- 
cant complications occurred after jejunal free tissue was 
transferred. The possibility of soft tissue breakdown led 
Dubsky et al. to provide additional coverage with a pec- 
toralis major rotational flap when they performed TLP 
with jejunal free flap with no complications. However, it is 
unclear whether this is necessary without direct compari- 
son to cases in which no regional flap was used. In another 
study, the use of a second jejunal free flap after failed first 
surgery was proven feasible—an important consideration 


Figure 112.6 Patients who fail chemoradiation with laryngeal 
cancer are best reconstructed with an RFFF. A: This specimen dem- 
onstrates a laryngeal lesion that required laryngectomy. B: After 
laryngectomy, an anterior defect is present. C: The radial forearm 
flap is demonstrated here. Notice the thin malleable tissue that can 
be used to reconstruct the anterior defect. D: The radial forearm is 
being sewn in to reconstruct the pharynx. 


in surgery for recurrent disease in which a first flap may 
have already been utilized (79). 

The jejunal free flap is well suited for large segment 
reconstructions of the TLP defect with extension to the 
cervical esophagus (Fig. 112.7). The flap can be harvested 
in a two-team approach, and bowel complications are rare 
following the harvest. The flap is easily transferred to the 
head and neck on large-caliber vessels that usually result in 
one draining vein and one feeding artery. Additional flap 
choices have been described and include tubed radial fore- 
arm or ALT free flap. The disadvantage of tubed skin flaps 
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Patients with recurrent hypopharyngeal cancer or exten- 
sive laryngeal lesions may require total laryngopharyngectomy. A: This 
photograph demonstrates a defect after total laryngopharyngectomy. 
B: The jejunum is harvested based on a single vascular pedicle. C: Enough 
jejunum is used to reconstruct the pharyngeal defect and to provide for 


an external monitor. 


is in their lack of mucous-secreting glands and peristalsis 
that comes along with jejunum. Therefore, at our institu- 
tion, the jejunum is preferred when possible. However, 
Genden reported good success with the tubed ALT without 
any stenoses in 12 patients, compared with 3 stenoses out 
of 11 radial forearm flaps (80). The low complication rates 
associated with fasciocutaneous flaps and elimination of 
abdominal complications have led some authors to sug- 
gest that these flaps are preferred. As more functional data 
emerge, the question of what flap to use will be clarified, 
but it remains clear that single stage reconstruction is best 
for patients to regain function and QOL fast. 

A significant local complication is that of an anasto- 
motic leak. Leaks are difficult to treat as they often result in 
a local infection in a poorly vascularized bed. Neck wraps 


are not useful as the vascular pedicle may be compressed. 
Therefore, local wound care with fistula packing, antibiotics, 
and observation is preferred. Some patients will require sec- 
ond operations to address the leak with salivary diversion 
or bypass followed by delayed reconstruction. This scenario 
seems to be rare in the reported literature, but anecdotal 
reports of frequent local wound problems are found. 


There exists a subset of patients who are not candidates 
for surgical resection, having failed primary chemoradia- 
tion. This may be on the basis of a technically unresectable 
disease, being medically unfit due to a significant comor- 
bid condition, or patient refusal to undergo significant, 
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long-term debility because of the sacrifice of multiple struc- 
tures. In this select group of patients, reradiation may be the 
only potentially curative treatment. Two Phase II studies 
using chemotherapy and reirradiation have been performed 
by the RTOG. Survival rates of between 8.5 and 12 months, 
with a 2-year survival rates of 15% to 25%, were obtained. 
Of significance was the acute toxicity that developed in 
all patients. Death was seen in 5% of patients undergo- 
ing these secondary treatments. Grade III and IV toxicity 
occurred in more than half of the patients. No QOL infor- 
mation was available from these studies or in the literature. 
Certainly in selected cases, reirradiation may be indicated. 
Chemotherapy as a single modality of treatment in the sal- 
vage patient has not been shown to be efficacious in pro- 
longing life. Short-term local response is possible but not 
maintained. 


USES OF MICROVASCULAR SURGERY 
IN THE MANAGEMENT OF CRT 
COMPLICATIONS 


Osteoradionecrosis 


Chemoradiotherapy modalities may result in long-term 
tissue fibrosis and ORN. When conservative measures 
are unsuccessful at resolving pain, tissue loss, or patho- 
logic fractures, a more aggressive approach is warranted. 
Previous studies have established antibiotic treatment 
and hyperbaric oxygen treatment as a first-line treatment 
in management of early ORN (34,81-83). However, the 
degree of necrosis observed following concurrent chemo 
radiotherapy (CCRT) may exceed the ability of conservative 
therapy to cure, in which case surgical treatments may be 
required. Mandibular reconstruction for nonhealing ORN 
has grown in favor owing to its ability to remove necrotic 
tissue and restore dental function (84). The fibula, scapula, 
and iliac crest free flap have been shown to be useful in the 
reconstruction of the mandible and can serve to reconsti- 
tute the entire mandible including the temporomandibular 
joint (85). 

The pathogenesis of ORN of the mandible has been 
alluded to previously; it occurs as the result of a complex 
interplay between impaired bone healing ability, load bear- 
ing stress on the mandible, and the frequent need for post- 
XRT dental extractions that result in chronic infection and 
fracture (35). In recent years, there has been a downward 
trend in occurrence likely due to increased awareness of the 
implications of ORN and management by multidisciplinary 
teams accustomed to dealing with post-CCRI-type patients. 

Causes of ORN include dental extractions, spontaneous, 
surgery related, and from prosthetics in descending order 
of frequency (86). Diagnosis of ORN is both clinically 
and radiographically based. However, a universal staging 
system is lacking in the literature (87). Diagnosis requires 
the absence of recurrent disease as a prerequisite (which 
may occur in 10% to 21% of ORN cases), the observation 


Figure 112.8 This panorex demonstrates the classic findings of 
a destructive lesion of the mandible secondary to ORN. Tumor has 
been ruled out. 


of exposed bone and/or deficient mucosal covering, and 
lytic x-ray changes on panorex or maxillofacial computed 
tomography (CT) (88). Often, biopsy is performed of 
the questionable area as it can be difficult to differentiate 
recurrence from necrosis (84) (Fig. 112.8). 

Treatment for ORN begins with prevention. Superior 
oral care is paramount to maintain the health of existing 
teeth and prevent progressive deterioration of those that 
are beginning to decay. Care of xerostomia, oral rinses, 
gum care, and prosthetic care should be adhered to care- 
fully. Marx’ protocols appear to be capable of managing 
early ORN with acceptable cure rates (83). However, one 
recent review and meta-analysis by Wahl indicated that 
prophylactic hyperbaric oxygen is not of clear benefit in 
ORN prevention (86). Once ORN segments occur, local 
treatment can be viewed as a stepwise effort starting with 
minor surgical intervention such as sequestrectomy and 
ending with major reconstruction and segmental resection 
+/- soft tissue resection and reconstruction. Microvascular 
reconstructive options have expanded the ability to restore 
bone and remove bone in the process of necrosis in order to 
speed the recovery and rehabilitation of suffering patients. 

The ability to use free tissue in reconstruction is not 
impeded by use of prior hyperbaric oxygen, and there- 
fore, conservative therapies should not be bypassed (89). 
However, if a reconstruction is performed, it is best to 
resect all questionable bone segments to avoid the need for 
later surgery when marginal bone necroses. QOL studies 
indicate that mandibular reconstruction afforded by free 
flaps results in significant improvements in cosmesis and 
swallowing function (14). 

Reconstructive options following ORN _ resections 
include osteocutaneous free tissue or fasciocutaneous free 
tissue without bony reconstitution of the mandible. The 
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osteocutaneous free flap serves as an excellent tool in the 
surgical management of mandibular ORN as it is best 
served to restore long segments of resected bone. Among 
the options, radial forearm, fibular, scapular, and iliac crest 
flaps are best described. Osteocutaneous forearm flaps are 
extensively utilized by the group at University of Kansas 
in the management of segmental mandibulectomy defects 
and have therefore been studied in the setting of ORN 
reconstruction (90). In a pair of publications, Militsakh 
et al. showed that osteocutaneous radial forearm flaps for 
mandibular reconstruction result in low rates of compli- 
cations, good restoration of mandibular continuity, and 
resumed PO diet intake. In addition, they found that the 
forearm osteocutaneous flap afforded comparable morbid- 
ity at the primary and donor site and functional outcomes 
to that of patients reconstructed with fibular or scapular 
free flaps (91). Critics of radial forearm reconstruction cite 
the risk of pathologic radius fracture and inability to place 
dental implants as the major deterrents to routine use of 
this flap for ORN. 

The workhorse of oromandibular reconstruction is 
the fibular free flap (Fig. 112.9). It provides a long seg- 
ment (up to 20 cm) of solid bone stock capable of angle- 
to-angle reconstructions and large soft tissue paddles for 
orocutaneous fistula separation (89). The Chang Gung 
Memorial Hospital experience with 780 fibula flaps for 
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segmental resections of the mandible effectively estab- 
lished the merits of a lengthy bicortical bone with long, 
large-caliber pedicles, minimal donor site morbidity, and 
the ability to sculpt the donor tissue to suit the defect (92). 
Success of this flap in the setting of ORN is well estab- 
lished, although, so is a high rate of wound complication 
(21% to 43%) and resultant protracted healing (89, 93). 
With a rate of flap loss that is higher than that of other free 
tissue defect reconstruction, it is wise to counsel patients 
of the potential need for second free flaps and comparable 
morbidity with the first flap (58). Studies exist that suggest 
removing the temporomandibular joint and reconstruct- 
ing with free fibular bone with or without an Alloderm 
covering may be functionally better than attempting to 
achieve bone-bone union with a small segment of con- 
dyle (85, 94). 

Scapular or iliac crest free flaps are also established 
means of mandibular reconstruction. The scapula flap can 
provide sufficient bone for unilateral body defects, but 
must be harvested in the prone position after resection has 
occurred. It also affords the advantage of multiple skin pad- 
dles, should both intraoral and external skin be required 
to replace badly damaged, or chronically fistulized tissue. 
Similarly, the iliac crest provides adequate bone for hemi- 
mandible defects and additional muscle and cutaneous tis- 
sue for soft tissue reconstruction (95). 


This patient had ORN that required surgical resec- 
tion. A: The dead bone has been resected back to living healthy 
bone. B: A radial forearm osteocutaneous free flap has been used 
to reconstruct the bony defect. C: A postoperative panorex shows 
good bony union. 
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The psychological impact of surviving one’s cancer 
only to be handicapped by treatment sequelae cannot be 
ignored, and free tissue affords surgeon’s the ability to 
restore what is lost to an extent. However, it seems clear 
that ORN surgery comes with a significant risk of compli- 
cation (21% to 43%) and flap loss (0% to 14%), and thus, 
should not be offered without restraint or until deemed 
absolutely necessary (84,89). 


Chondroradionecrosis 

The application of free tissue transfer in the management 
of CRN is less well established. The Chandler classifica- 
tion, established in 1979, is still widely accepted as the 
standard grading system for CRN ranging from I to IV 
depending on symptoms and signs present. Previously, 
Grades HI and IV frequently resulted in TL, but recent 
advances in conservative therapy, including antibiotic 
treatment and hyperbaric oxygen (HBO), have lim- 
ited this practice (35). When necessary, TL with free- 
flap reconstruction can rehabilitate patients suffering 
from debilitating pain and swallowing handicaps. Some 
emerging evidence suggests that partial laryngeal surgery 
is oncologically sound for laryngeal cancer recurrence 
with acceptable wound complications, and therefore, 
these techniques may be employed for CRN in similar 
fashion. Adjunctive fasciocutaneous free flaps should 
decrease fistula rates in partial laryngeal surgery in the 
post-XRT setting similarly to their role in TL (71-74). 
This finding suggests that revascularization of cartilage 
may occur through the free tissue and may represent a 
viable method to reverse CRN short of requiring laryngec- 
tomy, but no literature has yet been published to support 
this use. 


CONCLUSIONS 


Microvascular free tissue transfer has revolutionized the 
field of head and neck surgery and added greatly to the 
ability to treat recurrent disease that would otherwise have 
left patients with debilitating tissue loss. Free tissue may 
be applied in an organized fashion to allow for recon- 
struction of most head and neck subsites, and the review 
above indicates that this approach remains viable even in 
the previously treated patient. With the greater use of non- 
surgical upfront treatment for HNSCC, recurrences increas- 
ingly occur in settings where native tissue is not sufficient 
for reconstruction after ablation. Therefore, regional, and 
now free flap, reconstructions have become the standard 
of care for bringing healthy tissue into the treated bed. 
High success rates and improving functional results under- 
score the impact of free tissue on ablative surgery for recur- 
rence. Although recurrent HNSCC carries a poor prognosis, 
when surgery is an option for cure or treatment sequelae, 
free tissue remains a strong ally in the overall care of these 
patients. 


Chemoradiation affects all the tissue of the head 
and neck adversely and will lead to a greater inci- 
dence of operative wound complications. 
Oftentimes the only option for salvage of a failed 
chemoradiation protocol is surgery. 

Reconstruction of the salvage patient is best accom- 
plished with free tissue transfer. 

Surgical ablation will yield a complex composite defect 
that can be reconstructed with composite tissue to 
achieve adequate functional and cosmetic outcomes. 
Reconstruction of patients with complications from 
primary treatment for head and neck cancer is effi- 
cacious but complex. 
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Cutaneous Malignancy 


Cherie-Ann O. Nathan Timothy S. Lian 


Skin cancer is the most common human malignancy, with 
an estimated 3,500,000 nonmelanoma skin cancers cases 
in the United States annually (1). Most tumors arise on the 
sun-exposed regions of the head and neck. Basal cell car- 
cinoma is the predominant histologic type and accounts 
for about 90% of all cutaneous neoplasms in the head 
and neck region. Second in incidence is squamous cell 
carcinoma. Less common is melanoma, which accounts 
for approximately 8,700 deaths each year in the United 
States. There are 3,000 additional deaths related to other 
forms of cutaneous cancer (2). Cutaneous malignancies 
are classically divided into epidermal, dermal, adnexal, 
and melanocytic. Malignant melanoma has a distinct bio- 
logic behavior and is addressed separately in Chapter 114. 
Other rare skin malignancies of the dermis and adnexa are 
not discussed specifically, but principles of evaluation and 
treatment of cutaneous cancers are applicable. This chapter 
is dedicated to a discussion of nonmelanoma cutaneous 
malignancy, specifically basal cell carcinoma, squamous 
cell carcinoma, Merkel cell carcinoma (MCC), their precur- 
sors, and associated epidermal neoplasms. 


Risk factors for basal and squamous cell carcinomas are 
strikingly similar. These lesions, although seen in younger 
age groups, are most often encountered in patients 60 years 
of age or older. 

The mechanism by which ultraviolet (UV) light causes 
sun-damaged skin has been extensively studied. Laboratory 
experiments indicate that the wavelengths with the most 
potential for carcinogenesis are those in the range of 280 
to 320 nm, the UVB band. This UVB is responsible for the 
common sunburn. The transition from normal to actinic 
(i.e., sun damaged) to cancerous skin is usually a progressive 
process that occurs over several decades. With the current 
environmental changes occurring with the earth’s protective 


ozone layer, the concern for skin cancer becomes much more 
significant. A dramatic ozone depletion above the Antarctic 
continent has been detected (3). For each 1% reduction in 
atmospheric ozone concentration, there is a concomitant 
2% increase in UVB penetration (4). Approximately 90% of 
nonmelanoma skin cancers are estimated to be associated 
with exposure to UV radiation from the sun (5). 

The carcinogenesis of epidermal tumors parallels the 
multistep development of other neoplasms. As with other 
neoplasms, certain characteristics render the host more sus- 
ceptible to the development of cancer. Traits that are asso- 
ciated with an increased incidence of skin cancer include 
fair complexion, light hair, blue or green eyes, inability to 
tan, propensity to sunburn, history of multiple or severe 
sunburns, and Celtic ancestry (6). Other factors implicated 
include age, occupation, habits (tanning booths), and resi- 
dential geography, which are considered indirect causes of 
increased sun exposure. 

The bulbs used in tanning booths are almost exclusively 
UVA wavelength and are promoted as providing a safe sun- 
tan. However, recent evidence indicates that UVA (320 to 
400 nm) synergistically augments UVB responses and is 
independently capable of producing deleterious skin alter- 
ations and neoplasias (7). 

Other etiologic factors are associated with the develop- 
ment of cutaneous carcinoma (6). Chronic exposure to 
chemical agents, such as arsenic in patients treated with 
Fowlers solution, has been associated with the development 
of multiple squamous and basal cell tumors. Patients with 
chronic radiodermatitis, resulting from superficial radia- 
tion therapy, demonstrate a propensity to develop multiple 
and aggressive lesions. Trauma in the form of burns, ulcers, 
and scars is also associated with the development of skin 
cancer (i.e, Marjolin ulcer). Immunosuppression, com- 
mon in transplant patients and patients with leukemia or 
lymphoma, can be complicated by an increased incidence 
or aggressiveness of skin malignancies (8). 
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Studies of human papillomavirus offer additional sup- 
port for the importance of immune dysfunction in the 
development of skin squamous cell carcinoma. One study 
showed human papillomavirus presence in 60% of cutane- 
ous squamous cell carcinoma lesions found in renal auto- 
graft recipients. Moreover, human papillomavirus presence 
was significantly higher than that found in matched 
transplant recipients without cutaneous malignancy (9). 
Furthermore, there is evidence to suggest that human pap- 
illomavirus may be related to the development of some 
nonmelanoma cutaneous malignancies not necessarily 
associated with immune suppression. 

Genetic syndromes, such as xeroderma pigmentosum 
(autosomal recessive) and nevoid basal cell carcinoma 
syndrome (autosomal dominant), are associated with a 
predilection for developing multiple basal cell carcinomas, 
often at an early age. 


BASAL CELL CARCINOMA 


There are several clinical types of basal cell carcinoma. 
Smith (10) outlined five clinical forms: nodular or nodu- 
loulcerative, morphea-like or sclerosing, superficial multi- 
centric, pigmented, and fibroepithelioma. Although other 
less common types exist, subclassification is not clinically 
useful. The most common type is the nodular or noduloul- 
cerative lesion. This lesion typically presents as a discrete, 
raised, circular lesion that appears pink and waxy with a 
capillary network that is easily visible. There is often an 
area of central ulceration and the border of the lesion is 
rolled. This is the type of basal cell carcinoma that is easiest 
to recognize and treat. A variant of this lesion is cystic basal 
cell carcinoma, which is also waxy and well demarcated 
but is more cystic in appearance. 

The superficial basal cell carcinoma lesion shows 
evidence of scarring and atrophy, with a thread-like waxy 
border. This lesion may consist of one or several red scaling 
patches. These crusted lesions have irregular borders and 
gradually increase in size by peripheral extension. They are 
relatively uncommon in the head and neck and more fre- 
quently occur on the trunk or extremities. 

The most aggressive clinical form of basal cell carcinoma 
is the morphea type, also called sclerosing or fibrosing basal 
cell carcinoma. This variety is typified by its macular, whit- 
ish, or yellowish plaque. Some physicians have noticed an 
increased incidence among women. The margins may be 
quite indistinct, and the lesion may go unnoticed for years 
in some patients. Complete excision is difficult because of 
ill-defined margins. The lesion may look like a scar, may 
develop telangiectasia, or may ulcerate. 

A less common basal cell carcinoma variant is pig- 
mented basal cell carcinoma, which is characterized by 
its brown pigmentation and may resemble a pigmented 
nevus or a melanoma. The appearance and behavior of 
this lesion seems to parallel that of nodular basal cell 
carcinoma. Pigmented basal cell carcinoma differs from 
the noduloulcerative type only by the brown pigmentation 


of the lesion. This type of lesion may also be mistaken for 
seborrheic keratosis, melanoma, or dermatofibroma. 

Fibroepitheliomas, another variant, present as firm 
pedunculated lesions that resemble fibromas. It was first 
described in 1953 by Pinkus (11). These lesions commonly 
occur on the back. 

The nevoid basal cell carcinoma syndrome is an autoso- 
mal dominant disease. During childhood, small cutaneous 
nodules appear, often numbering in the hundreds. These 
lesions initially have a rather indolent course during the 
nevoid phase, but as the patient ages, a neoplastic phase 
may occur in which the lesions show a marked change in 
aggressiveness. The lesions become invasive, destructive, 
and mutilating. Abnormalities associated with nevoid 
basal cell carcinoma syndrome include jaw cysts, bifid ribs, 
scoliosis, mental retardation, and frontal bossing. 

The characteristic cell in basal cell carcinoma has a 
large, oval, or elongated nucleus with relatively little cyto- 
plasm. These cells may resemble the basal cells of the epi- 
dermis, but the neoplastic forms lack intercellular bridges. 
The nuclei are rather uniform in size and configuration. 
A connective tissue stroma proliferates with the tumor and 
is oriented in parallel bundles around the tumor masses, 
causing peripheral palisading of the cells and stromal 
retraction. This is commonly referred to as peritumoral 
lacunae. The stroma is often mucinous. Because mucin 
shrinks with dehydration and fixation of the specimen, the 
stroma may show retraction from the tumor islands. This 
detachment of tumor islands from the stroma is known as 
clefting and is a helpful diagnostic sign. 

Lever (12) divided basal cell carcinoma into four basic 
histologic patterns: solid, keratotic, cystic, and adenoid. In 
the solid pattern, the cells show no differentiation. This 
type generally displays tumor masses of various sizes and 
shapes embedded in the dermis (Fig. 113.1). The periph- 
eral cell layer may show a palisading of the nuclei. Basal 
cell carcinomas that differentiate toward hair structures are 
referred to as keratotic. This lesion is typified by undiffer- 
entiated cells in combination with parakeratotic cells and 
horn cysts (Fig. 113.2). Cystic tumors show differentiation 
toward sebaceous glands. Histologically, there may be one 
or several cystic spaces within the tumor lobules. In the 
adenoid variety of basal cell carcinoma, the tumors display 
a tubular or glandular formation. The strands of epithelial 
cells commonly form a lace-like pattern (Fig. 113.3). 

Keratotic basal cell carcinoma, also known as baso- 
squamous cell carcinoma or metatypical carcinoma, has 
been the subject of much controversy. The confusion arises 
because histologically there are coexistent features of both 
basal cell and squamous cell carcinomas in the same lesion, 
frustrating accurate assessment of prognosis and behavior. 
Most dermatopathologists currently believe that basosqua- 
mous tumor is a variant basal cell carcinoma, referred to 
by many as keratotic basal cell carcinoma (12). Although 
there is limited potential for metastasis, keratotic basal cell 
carcinoma is thought to be more biologically aggressive 
than many of the other types of basal cell carcinomas. 


Figure 113.1 Basal cell tumor masses (solid type). 


SQUAMOUS CELL CARCINOMA 


Far less common than basal cell carcinoma, squamous cell 
carcinoma accounts for approximately 10% of skin malignan- 
cies. As with its counterpart, basal cell carcinoma, squamous 
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cell carcinoma is related to chronic (i.e., 10 to 20 years) sun 
exposure. As the equator is approached, the relative inci- 
dence of squamous cell carcinoma increases compared with 
basal cell carcinoma. Cutaneous squamous cell carcinoma, 
like basal cell carcinoma, is more common in men. 

Squamous cell carcinoma of the skin usually presents 
as an erythematous, ulcerated, crusting lesion. The tumor 
often demonstrates a granular base that may be friable and 
tends to bleed with minimal trauma. There is usually an 
elevated area of induration at the lesion edge and there 
may be an inflammatory response in the adjacent tissues. 

These lesions present in different patterns. Squamous 
cell carcinoma can present as a thickened hyperkeratotic 
patch or an area of crusting. Under this crust is an ulcerated 
base with a rolled margin. Other lesions may be recognized 
as areas of persistent ulceration, possibly in the site of pre- 
vious trauma, burns, or an old scar (i.e., Marjolin ulcer). 
Neoplastic change in a chronic ulcer may result in basal 
cell or squamous cell carcinoma and is associated with a 
poorer prognosis and higher rates of metastasis. Superficial 
multifocal lesions can arise in actinic skin. These lesions 
are usually accompanied by a scaling patch that bleeds 
with minimal trauma. Diagnosis and determination of the 
extent of the lesion can be difficult, and multiple biopsies 
may be necessary. Squamous cell carcinoma occasionally 
presents as a nodular exophytic lesion. Initially cystic, it 
later tends to become ulcerative and progressively enlarges. 
These lesions may also demonstrate a sudden growth spurt. 

Several histologic characteristics are important in ana- 
lyzing squamous cell carcinoma. The usual histologic 
picture of squamous cell carcinoma of the skin is that of 
irregular masses of epidermal cells that proliferate down- 
ward and invade the dermis. The tumor masses may be well 
differentiated or may show atypical or anaplastic cells. The 
differentiated tumors tend to be associated with evidence 
of keratinization, such as keratin pearls. 


Figure 113.2 Undifferentiated cells with parakera- 
totic and horn cysts (keratotic type). 
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Figure 113.3 Lace-like patterns of epithelial cells 
(adenoid type). 


Some squamous cell carcinomas are actinically induced, 
and some arise de novo. Lesions arising in sun-exposed areas 
appear to follow a more benign course with a low inci- 
dence of metastasis. The de novo lesions are more aggressive 
in their behavior and exhibit greater potential for metasta- 
sis. It has been estimated that up to 54% of patients with 
de novo lesions develop regional or distant metastases (13). 
It is often possible to differentiate clinically between the 
two types of squamous cell carcinoma. Histologically, a 
determination can usually be made by looking for actinic 
changes in the skin adjacent to the squamous cell carci- 
noma. 

Squamous cell carcinoma has metastatic potential, 
and regional metastatic spread is correlated with depth of 
invasion. Squamous cell carcinoma lesions that penetrate 
to Clark level IV or V are associated with a 20% regional 
metastatic rate. 

Histologic variations of squamous cell carcinoma are 
numerous and include adenoid, bowenoid, verrucous, and 
spindle-pleomorphic types (14). The generic type is char- 
acterized by actinic changes. In the adenoid type, there is 
a pseudoglandular arrangement. These tubular or alveolar 
formations result from dyskeratosis and subsequent acan- 
tholysis. The lumina are lined with one or several layers of 
epithelium and are filled with desquamated acantholytic 
cells. The bowenoid type of squamous cell carcinoma is 
characterized by evidence of invasion coexistent with the 
findings of Bowen disease. 

Verrucous carcinoma is seldom seen as a skin neoplasm 
on the head and neck, but it is well known as a tumor 
of the oral cavity and larynx. It presents as a white cauli- 
flower-like lesion. The tumor is well differentiated, dem- 
onstrating hyperkeratosis, parakeratosis, and acanthosis. 
Clinical and pathologic correlations are needed to confirm 
the diagnosis. 


In the spindle-pleomorphic type of squamous cell car- 
cinoma, there is little evidence of differentiation. These 
tumors are anaplastic, show little or no keratinization, 
and are usually considered to be a Broders grade 4 tumor. 
The spindle cells are intermingled with collagen, may be 
arranged in whorls, and can be associated with pleomor- 
phic giant cells. 


PREMALIGNANT LESIONS 


Several skin lesions are considered premalignant. This 
group includes a low-grade malignancy that can be treated 
as if it was a premalignant lesion. The most common of 
these are actinic keratosis, Bowen disease, and keratoacan- 
thoma. 


Actinic Keratoses 


Actinic keratoses (i.e., solar keratoses or senile keratoses) 
is the most common premalignant lesion of the head and 
neck and is seen almost exclusively in sun-exposed areas of 
the skin. The lesions are generally less than 1 cm in diam- 
eter and are commonly located on the face, scalp, hands, 
and forearms (Fig. 113.4). They are considered precancer- 
ous. The chance of progression to epidermal cutaneous 
carcinoma has been estimated to be as great as 20% (12). 
They usually present as an erythematous patch, often cov- 
ered by an adherent scale. Clinically, they show little or 
no sign of inflammation. Occasionally, there is a marked 
hyperkeratosis, giving the appearance of a cutaneous horn. 
A sandpaper-like scale is the most distinctive feature on 
clinical examination. Because these lesions have malig- 
nant transformation potential, most physicians believe 
they should be treated. Depending on the clinical setting, 
superficial shave excision, cryosurgery, topical treatment 


Figure 113.4 Actinic keratosis on forehead. 


with 5-fluorouracil, or trichloroacetic acid peel may pro- 
vide effective treatment. The differential diagnosis includes 
seborrheic keratosis, benign lentigo, squamous cell carci- 
noma, and basal cell carcinoma. 


Bowen Disease 


Bowen disease is considered a preinvasive form of squa- 
mous cell carcinoma. It can be considered synonymous 
with carcinoma in situ of the skin. Histologically, there is 
full-thickness dysplasia of the epidermis without evidence 
of invasion. Clinically, the lesion presents as a well-cir- 
cumscribed, erythematous, scaly patch or plaque with an 
irregular border. As with squamous cell carcinoma, these 
lesions generally occur in sun-exposed areas. They are par- 
ticularly common in patients with a history of chronic arse- 
nic ingestion in whom lesions often occur on nonexposed 


Chapter 113: Cutaneous Malignancy 1727 


skin. The lesion may resemble a superficial basal cell carci- 
noma, but it lacks the fine pearly border. 


Keratoacanthoma 


Keratoacanthoma is a benign usually self-limited epithelial 
tumor that is easily confused clinically and histopathologi- 
cally with squamous cell carcinoma. It is more common 
in males and typically presents in older patients. There is 
a history of rapid growth, usually over 2 to 6 months. The 
lesion begins as a smooth rounded nodule, but with fur- 
ther enlargement, the center becomes ulcerated and filled 
with keratinous material, taking on a volcano-like appear- 
ance. The hallmark of keratoacanthoma is rapid growth 
over weeks or months. 

The most common site affected is the nose. Although 
histologically the lesion resembles a squamous cell carci- 
noma (Fig. 113.5), it may involute spontaneously, leaving 
only a depressed scar. Because of the lack of predictability, 
surgical excision is recommended. 


TUMOR BEHAVIOR 


Staging for cutaneous basal cell carcinoma and squamous 
cell carcinoma has been defined by the American Joint 
Committee on Cancer using the TNM classification as 
shown in Table 113.1 (15). Tumor histology, local extent or 
infiltration, tumor size, anatomic site, associated risk fac- 
tors (eg., age, prior irradiation, genetic syndromes), and 
previous treatment must be considered in determining 
the risk of recurrence for a given lesion. High-risk features 
include depth and extent of invasion, anatomic location, 
and histologic differentiation (Table 113.2). 

The clinical and histologic types are significant prognos- 
tic variables. The morphea type of basal cell carcinoma is 
well known for its subversive attitude. This lesion gener- 
ally spreads centrifugally by way of finger-like projections 


Figure 113.5 A: Keratoacanthoma of the auricle. B: Histologic volcano-appearance. 
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TABLE 


113.1 


Primary tumor (T) 
TX: Primary tumor cannot be assessed. 
TO: No evidence of primary tumor 
Tis: Carcinoma in situ 


AJCC CLASSIFICATION FOR CUTANEOUS SQUAMOUS CELL 
CARCINOMA AND OTHER CUTANEOUS CARCINOMAS 
(EXCLUDING THE EYELID) 


T1: Tumor 2 cm or less in greatest dimension with less than two risk features 

T2: Tumor >2 cm or tumor of any size with two or more high-risk features 

T3: Tumor with invasion of the maxilla, mandible, orbit, or temporal bone 

T4: Tumor with invasion of the skeleton (axial or appendicular) or perineural invasion of the skull base 


Regional lymph nodes (N) 


NX: Regional lymph nodes cannot be assessed. 


NO: No regional lymph node metastasis 


N1: Metastasis in a single ipsilateral lymph node, 3 cm or less 

N2a: Metastasis in a single ipsilateral lymph node, more than 3 cm but not more than 6 cm 
N2b: Metastasis in multiple ipsilateral lymph nodes with none more than 6 cm 

N2c: Metastasis in bilateral or contralateral lymph nodes with none more than 6 cm 


N3: Metastasis in a lymph node more than 6 cm 


Distant metastasis (M) 
MO: No distant metastasis 
M1: Distant metastasis 


of tumor. It is deceptive in its behavior and can be difficult 
to evaluate and control. Keratotic (i.e, basosquamous), 
recurrent basal cell, and spindle cell variants of squamous 
cell carcinomas are also associated with worse prognoses. 
Poorly differentiated or undifferentiated tumors are con- 
sidered high-risk features for staging purposes. 

Squamous cell lesions can be virulent. They have the 
potential to metastasize to regional nodes and are some- 
times associated with distant metastases. Locally, these 
tumors are more likely to grow in a vertical fashion and 
less likely to respect the barriers of cartilage and bone than 
basal cell carcinoma. It is prudent to evaluate the regional 
lymphatic drainage when dealing with squamous cell car- 
cinoma. Tumor thickness greater or equal to 2 mm, Clark 
level IV or greater, and perineural invasion are high-risk 
features with regard to staging. 

The anatomic location influences the prognosis because 
various regions of the head and neck have a propensity 
for tumor recurrence. Lesions on the nose and ear have 
higher rates of recurrence, which is probably associated 


TABLE 


Depth/invasion 


with embryonic fusion planes (16). These embryologic 
sites of fusion afford greater access for tumors, which use 
the planes as avenues for spread. The most prominent sites 
are the preauricular and postauricular regions, the floor of 
the nose and columella, and the nose-cheek crease. The 
periorbital region is also at risk for tumors tracking along 
the bone or periosteum, particularly in the medial canthal 
region. Mohs (17) speculated that basal cell tumor cells 
migrate along the periosteum or perichondrium of the 
nose and the medial canthi because of the close apposition 
of the skin to the bone and cartilage in these locations. 

Swanson (18) determined that the high-risk sites fall 
within an “H” zone on the face (Fig. 113.6). In highlight- 
ing the specific regions at risk, he cited the junction of the 
ala with the nasolabial fold, the nasal septum, the nasal 
ala, the inner canthi and lower eyelids of the periorbital 
region, the periauricular region extending to the temple, 
and certain scalp lesions. Primary tumor site of the ear or 
non-hair-bearing lip are considered high-risk features for 
staging purposes (Table 113.2). 


HIGH-RISK FEATURES OF CUTANEOUS SQUAMOUS CELL 
ul 24) CARCINOMA AND OTHER CUTANEOUS MALIGNANCIES 


More than 2 mm of thickness 


Clark level IV or greater 


Perineural invasion 


Location Ear 


Non-hair—bearing lip 


Differentiation 


Poorly differentiated or undifferentiated 


RECURRENT CUTANEOUS LESIONS 


A recurrent carcinoma of the skin presents a much more 
challenging problem than the primary lesion. Recurrent 
cancer indicates inadequate initial therapy or a persistence 
of disease in the tissue adjacent to the original lesion. 
Levine and Bailin (18) evaluated 496 cases of recurrent 
basal cell carcinoma in an attempt to identify significant 
risk factors. They found the midface region was involved 
in 57.6% of the cases and the auricular and preauricular 
areas accounted for 13.4% of the recurrences. The nose is 
the most common location of recurrence (25.5% to 41%). 


Chapter 113: Cutaneous Malignancy 1729 


Figure 113.6 H zone: high-risk areas 
of aggressive cutaneous malignancies. 
(Adapted from Swanson NA. Mohs sur- 
gery: technique, indications, applica- 
tions, and the future. Arch Dermatol 
1983;119:761.) 


The relative risk for recurrence was calculated in one study 
for different locations (19). In order of decreasing mag- 
nitude of risk, the locations are the nose (2.38), the ears 
(1.43), the periorbital areas (1.17), the remainder of the 
face (1.04), and the neck and scalp (0.55). The distribution 
of these recurrent tumors is shown in Figure 113.7. It is 
suggested that treatment of positive margins in the imme- 
diate postoperative period may decrease the recurrence rate 
and thus avoid a more extensive treatment if the cancer 
were to recur (20). 

Jackson and Adams (21) described 33 cases of extensive 
basal cell carcinoma. These lesions were large (greater than 


Figure 113.7 Distribution of recurrent cutaneous malignancies. 
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3 cm), destructive, locally uncontrollable, or metastatic. 
In defining the predominant characteristic of each lesion, 
they found that 18 were large, 6 destructive, 5 locally 
uncontrollable, and 4 metastatic. They concluded that 
these neglected tumors usually had an onset before age 40 
and recurred more than twice despite adequate treatment 
and that each recurrence appeared sooner and became 
larger than the preceding tumor. In many patients, under- 
lying conditions predisposed them to cutaneous basal cell 
carcinoma, including arsenic ingestion, nevoid basal cell 
syndrome, preexisting burns, and radiodermatitis. 

Levine (22) studied the pathogenesis and treatment 
of large recurrent cutaneous neoplasms. The advanced 
lesions, called massive or previously uncontrolled, met 
one or more of the following criteria: diameter greater than 
3 cm, involvement deeper than skin and subcutaneous 
fat, four or more previous treatments without control, or 
proven metastatic disease. 


MANAGEMENT OF CUTANEOUS 
SQUAMOUS CELL AND BASAL CELL 
CARCINOMA 


An advantage of nonsurgical management of primary skin 
malignancies is cure rates reported in excess of 95% for 
selected skin malignancies. These nonsurgical modalities 
use field therapy for their mechanism of treatment. Skin 
cancers grow both radially and vertically in a predictable 
and proportional manner. Field therapy uses these growth 
characteristics to treat a defined area containing both 
tumor and a surrounding layer of normal tissue. 


Curettage With Electrodesiccation 


One of the most common treatments for basal cell carci- 
noma is curettage excision combined with electrodesicca- 
tion, also known as electrosurgery or electrodesiccation 
with curettage. It is used primarily by dermatologists, who 
manage most of these lesions, and is quite successful when 
used appropriately, yielding cure rates of 81% to 97% (23). 

The rationale for using this modality is that basal cell 
and squamous cell tumors have a soft feel that can be 
detected as a lesion is curetted. In experienced hands, this 
allows the removal of all palpable tumors with different 
sizes of curettes. After normal-feeling tissue is encountered 
over the entire base of the excision, electrodesiccation or 
fulguration of the wound is performed. This process is 
completed from two to six times, and the wound is treated 
topically and allowed to heal by second intention. 

The advantages of electrosurgery include maximal spar- 
ing of normal tissue, ease of performance, and expedi- 
ency. The disadvantages include care of an open wound, 
depressed or hypertrophic scarring, and delayed bleeding. 
Electrosurgery should be used only in selected lesions, 
usually basal cell lesions less than 2 cm in diameter. 
Contraindications for this treatment modality include 


lesions with deep invasion, morphea-like and sclerotic 
basal cell carcinomas, and recurrent tumors. If squamous 
cell tumors are treated by this modality, they should be 
carefully selected. 


Cryosurgery 


Cryosurgery is another treatment option that may be 
appropriate for some basal cell lesions. As with electrosur- 
gery, the skill and experience of the treating physician are 
critical. The most common cryogen used is liquid nitrogen. 
A temperature of at least 30°C is considered to be lethal to 
cutaneous malignant tissue, although some surgeons con- 
sider -50°C to be more appropriate. The tumor and an area 
of surrounding tissue are frozen to ensure the adequacy of 
the ablation. A thermocouple inserted at the margin of the 
treatment area ensures that the proper temperature for cell 
killing is reached. The tissue is allowed to thaw, and after 
an appropriate period, the freeze-thaw cycle is repeated. 

Proponents of this technique cite as advantages its high 
cure rate, tissue-sparing capabilities, and expedience (24). 
It is thought to be useful in tumors overlying cartilage that 
can be frozen without undergoing necrosis. It may be par- 
ticularly useful in patients with multiple lesions. The dis- 
advantages include a prolonged healing phase and wound 
care. Hypopigmentation and unsatisfactory scarring can 
occur. Its use should be limited to lesions with well-defined 
borders and should not be used for morphea-like tumors 
or recurrent skin cancers. 


Radiation Therapy 


Radiation therapy has the capability of effectively treating 
skin cancers successfully and has been used extensively in 
the past (25). As more expedient and less radical meth- 
ods of treatment have become popular, its use in recent 
years has waned. The advantages of irradiation include the 
ability to treat a wide field of tumor and avoidance of sur- 
gery. The disadvantages include the protracted treatment 
course, expense, adjacent tissue effects, limited effective- 
ness if tumors involve cartilage or bone, and the possibility 
of radiodermatitis and delayed carcinogenesis. Radiation 
therapy is currently used in the treatment of poor operative 
candidates, as an adjuvant to surgery, or for palliation in 
advanced lesions. It can be curative, but careful selection of 
lesions and patients is crucial. 


Photodynamic Therapy for Cutaneous 
Malignancy of the Head and Neck 


Photodynamic therapy (PDT) is a therapeutic modality 
using a photosensitizing drug that selectively localizes 
in tumors and that, on being activated by exposure to 
light, causes preferential tumor necrosis. Despite its initial 
promise, PDT remains an investigational modality at the 
present time. The two components needed for this therapy 


are a photosensitizer drug and a laser to activate the drug. 
The most widely used drug in head and neck has been por- 
phyrin. Some of the other drugs that have been used as 
photosensitizers are tetracyclines, fluorescein, rhodamine, 
and more recently sulfonated metallophthatlocyanines. 
The light source consists of a laser either delivered down 
a fiber for surface illumination (which is the technique of 
choice for superficial cancer) or implanted into the sub- 
stance of the tumor (used for bulky tumors). The argon 
ion dye pumped laser is most commonly used in North 
America. 

Review of the literature reveals that initially this treat- 
ment was used predominantly for palliation of advanced 
skin cancer. Most series reveal a dramatic initial response 
in many patients, but long-term follow-up was rarely pos- 
sible because of the advanced nature of these cancers (26). 
The response was variable and unpredictable, and severe 
pain and skin necrosis were common. A major problem 
in evaluating the literature is the tremendous variability in 
technique, drug, and light dosage in the reported series. 

The advantages of PDT are that multiple lesions can 
be treated at the same time, it has good cosmetic results, 
and no anesthesia is required. The disadvantages include 
lack of predictable response in more advanced lesions and 
occasional photosensitivity. Once the technique has been 
further refined, it has great potential in the management 
of skin cancers. 


Interferon-Alpha 


Interferon-alpha (IFN-a) has been demonstrated to be use- 
ful for the treatment of select primary skin cancer. Studies 
demonstrated that basal cell carcinoma of the nodular 
and superficial types shows excellent responses (27,28). 
Treatment is typically initiated with low-dose intralesional 
IFN-o three times a week. Local reactions include pain and 
persistent erythema. The most common side effect is a flu- 
like illness, the symptoms of which respond to acetamino- 
phen. Hematologic side effects include leukocytopenia 
and thrombocytopenia. 

The mechanism is believed to be due to the antiprolif- 
erative and immunomodulating properties of interferon. 
Through a nonspecific stimulating effect on macrophages 
and natural killer cells, localized administration of IFN-a 
focally increases the host response to the neoplastic tissue. 


Excisional Surgery 


Surgical excision for cutaneous neoplasms is the modality 
with which most head and neck surgeons have the most 
experience. The success rate for this method of treatment 
is 86% to 97% (29). The major advantages of excisional 
surgery include the ability to obtain tissue for diagno- 
sis and to assess the completeness of excision. By use of 
frozen sections, the surgeon can evaluate the margins of 
excision histologically. Another benefit is the excellent 
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cosmesis, particularly if defects are amenable to primary 
closure. The disadvantages are that excisional surgery can 
be more time consuming, inconvenient, and expensive for 
the patient than other treatments. Most surgeons believe 
that the histologic confirmation of the adequacy of exci- 
sion outweighs these relatively minor disadvantages. The 
carbon dioxide (CO,) laser can also be used for excision of 
cutaneous carcinomas. 


Mohs Surgery 


Mohs pioneered a new technique for removal of cutaneous 
neoplasms while he was a medical student in the 1930s. 
His first results were published in 1941, and the new 
modality was dubbed chemosurgery technique (30). With 
this method, zinc chloride paste (a chemical fixative) was 
applied to the cancer, fixing it in situ and permitting careful 
serial excisions with examination of the entire specimen 
histologically. This permitted him to map extensions of 
residual tumor, so that reexcision of these pockets of can- 
cer was possible. The cure rates associated with the tech- 
nique range from 96% to 99% (30,31). Tromovitch and 
Stegman (32) revised the original technique and used a 
fresh-tissue technique that adhered to the same tenets of 
serial excisions and mapping of residual tumor deposits. 
The nomenclature for the techniques has now evolved to 
the point that Mohs chemosurgery implies a fixed tissue 
technique and Mohs micrographic surgery indicates use 
of the fresh-tissue technique. Most dermatologic surgeons 
now use the fresh-tissue technique, commonly called Mohs 
surgery. Details of the technique are published in numer- 
ous sources (30,31). A schematic of this process is shown 
in Figure 113.8. 

The advantages of Mohs surgery lie in its ability to exam- 
ine the resection margins in their entirety, unlike routine or 
frozen-section margins that evaluate a random sampling 
of margins. Microscopic foci of tumor can be identified, 
mapped, and reexcised with this technique. It also allows 
removal of the neoplasm with maximal preservation of 
surrounding normal tissue. Another benefit of the Mohs 
fresh-tissue technique is the ability to immediately recon- 
struct the defects that have been created. The major advan- 
tage is that this technique has the highest cure rate in the 
management of advanced, high-risk, or recurrent lesions. 
Mohs surgery is most useful in the high-risk lesions. The 
disadvantages of the Mohs technique are the special exper- 
tise, time, and expense involved. Someone with this special 
training may not be available in all communities. These 
drawbacks are compensated for by achieving a disease-free 
status. 


Carbon Dioxide Laser 


Laser excision is appropriate in the management of some 
skin malignancies. It is indicated instead of standard exci- 
sion for patients whose cardiac status or other medical 
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Figure 113.8 Schema used by micrographic cutaneous tumor excision. (Modified from Mohs FE. 
Microcontrolled surgery for skin cancer. In: Epstein E, Epstein E, eds. Skin surgery. Philadelphia, PA: W.B. 


Saunders, 1987, with permission.) 


conditions render it unwise to use epinephrine in the local 
anesthesia. Lidocaine without the addition of a vasocon- 
strictor has a duration of approximately 15 minutes, more 
than adequate time for the few minutes required to resect 
most facial lesions in a bloodless fashion with the CO, 
laser. If margins are positive, more anesthesia is infiltrated 
where required and more tissue removed as needed. After 
margins are determined to be free of tumor, the area of 
the local flap is infiltrated and the reconstruction carried 
out. We have also found laser excision to be of benefit in 
patients with bleeding disorders. 

Another indication for use of the CO, laser is the resec- 
tion or vaporization of small multiple lesions that then 


require no reconstruction. Lesions as large as 7 to 8 mm 
can be resected bloodlessly and are left with a physiologic 
dressing that heals completely within 10 days, resulting in 
excellent cosmesis. This method is particularly effective in 
managing multiple premalignant or potentially malignant 
lesions in patients with skin cancer. 

Palliation of the neglected lesion in the very elderly or 
debilitated patient whose skin cancer is of less concern 
than more major health considerations is carried out with 
alacrity using the CO, laser. These patients often reside 
in limited-care facilities, and palliation can be directed 
toward improved nursing care, better patient comfort, and 
convenience. These goals prompt some type of treatment, 
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Figure 113.9 A: Multiple basal cell cancers palliated with laser. B: Six weeks after laser ablation. 


although cure may not be realistic or possible (Fig. 113.9). 
Success rates for the various treatment modalities of basal 
cell carcinoma are outlined in Table 113.3. Our approach 
to management techniques is summarized in Table 113.4. 


Surgical Reconstruction 


There are three fundamental methods of managing the 
defects created by excisional surgery for skin cancer: no 
reconstruction, immediate repair, or delayed reconstruc- 
tion. The first alternative is used if the wound is allowed 
to heal by second intention or is covered by a graft and the 
subsequent defect not reconstructed. This may be appro- 
priate for patients who are palliated or who for other rea- 
sons are not candidates for reconstruction. Other patients 
may be candidates or better served with a prosthesis. The 


Treatment Method 


Success Rate (%) 


Electrosurgery 81-97 
Excisional surgery 86-97 
Cryosurgery 83-96 
Radiation surgery 90-93 
Mohs surgery 97-99 


surgeon’s choice is influenced by many factors, such as the 
general health of the patient and his or her life expectancy. 
The location and extent of the lesion and the social situ- 
ation of the patient may play a role in the decisions con- 
cerning reconstruction. Large defects are of little concern 
to some people, but a minimal defect can be devastating 
to others. 

Functional restoration takes precedence over cosmesis if 
this choice must be made (e.g., reconstruction of the upper 
lip to ensure a competent oral sphincter before embarking 
on a nasal reconstruction). Early reconstruction of nasal 
ala and eyelid defects is of paramount concern because 
reconstruction after contracture has occurred is rarely sat- 
isfactory. 

In addition to functional restoration, anatomic, patho- 
logic, and cosmetic considerations influence the surgeon’s 
choice of reconstructive method. Basic to any flap recon- 
struction is the secondary tissue deficit that, when closed, 
results in increased tension on the surrounding local tissue. 
Scar contraction has the potential to distort and create a 
greater deformity. The use of a skin graft decreases this like- 
lihood by harvesting tissue where there is an abundance, 
usually some distance from the defect, and substituting 
this tissue for the resected tumor. 

Anatomic considerations control surgical options by 
imposing constraints such as symmetry, facial landmarks 
and structures, and the lack of availability of adequate local 
or adjacent tissue. All flaps create a secondary defect that 
must be attended to in some manner. This is most often 
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TABLE [Pq TREATMENT 
113.4 BY 


Lesion 


Benign or low risk 
of recurrence 


Observe 
Rx with topical medication 
(5-fluorouracil, retinoic ointment) 


Low-grade malignancy 


curettage, electrodesiccation, 
cryotherapy, CO, laser, 
or simple excision 


Negative margins 


! 


Observe 
Mohs’ micrographic 
surgery/frozen 


done by primary closure, but the surgeon can use another 
flap or a graft. 

Pathologic considerations influence reconstructive 
choices. The defects related to certain histologic tumor 
types might best be covered with a skin graft rather than 
have potential tumor hidden by a thick flap. Questionable 
margins are another factor that might prompt a more con- 
servative choice. Tumors located in areas known clinically 
to be more virulent (e.g., medial canthus, nasal spine, exter- 
nal ear canal) might best not be reconstructed with a thick 
flap. Squamous cell carcinomas of the skin are usually more 
aggressive and infiltrative than basal cell carcinomas, and 
this affects their management. An exception to this is the 
morphea type of basal cell carcinoma, which is infiltrative. 
Its iceberg-like subdermal extension may make elaborate 
reconstructive efforts futile and perhaps devastating for the 
patient. It is wise to defer immediate reconstruction and 
allow healing by second intention or cover the defect with 


CUTANEOUS MALIGNANCIES 


Malignant or high risk 
(histology, size, location) 


Biopsy 


High-grade malignancy 


Excision 


Questionable or positive margins 


! 


section margin analysis 


! 


Reconstruction if margins are clear: 
Use primary closure, graft, local, or 
distal flap as appropriate. 


a skin graft. When the recipient bed has a marginal blood 
supply, delayed skin grafting is recommended. The wound 
area is allowed to granulate for 21 days. Then a 1- to 2-mm 
circumferential strip is removed, followed by cross-hatching 
of the area. A thick (0.45- to 0.5-mm) split-thickness skin 
graft is placed. If further reconstruction is needed, it can be 
undertaken when the patient is confirmed to be tumor free, 
usually after a period of observation of 1 to 2 years. 


Planning Reconstruction 


In designing local flap reconstruction, the surgeon must 
first consider the effects on adjacent tissues and structures. 
It is essential that the tissue to be moved into the defect is 
lax and abundant enough to close the surgical void. The 
donor site must also be closed, usually primarily, without 
unacceptable consequences to adjacent tissues or struc- 
tures. Utmost in the surgeon’s mind must be the placement 


of incisions. Closure lines should be in skin creases, facial 
structural demarcations, or relaxed skin tension lines. The 
tension and direction of maximal pull must not distort, 
create asymmetry, or result in an unacceptable scar. The 
ultimate contracture of the resulting scars should not cre- 
ate a deformity. 

A review of our surgical cases indicates that the most 
common management after resection is advancement and 
primary closure. Obviously, this technique is propitious 
for most small lesions. For those requiring a more sophis- 
ticated form of reconstruction, there are several reliable 
reconstructive options. Reconstruction options and tech- 
niques are discussed in Chapters 162, 166, and 169. 


Additional Considerations 


In dealing with facial cutaneous malignancies, the temp- 
tation to avoid disfigurement is great. Unfortunately, this 
often results in an inadequate excision, dooming the 
patient to recurrence and quite possibly a much worse 
prognosis. Perhaps the most important lesson that the 
Mohs technique has taught us is the insidious behavior 
of some cutaneous malignancies. Therefore, margins must 
always be checked and histology confirmed. Questionable 
margins should not be reconstructed primarily but instead 
reconstructed at a later date once margin status has been 
confirmed on permanent histopathologic analysis. 

What may originally be considered a simple excision 
is occasionally complicated by positive margins. The sur- 
geon must be flexible. If the patient is under local anes- 
thesia, general anesthesia may be needed. If the patient 
was not aware of the extent of the resection and subse- 
quent repair, the surgeon should stage the surgery and 
discuss with the patient what may be involved. In consid- 
ering reconstruction, function is always more important 


TABLE 
uF) WITH CUTANEOUS MALIGNANCIES 


Lesion 


Diagnosis 


History of sun exposure, red scaly 
patches, occasionally central 
ulceration, rolled border 


Superficial basal 
cell carcinoma 


Morpheaform Macular rough patch, skip lesions, 
basal cell extension down natural fascial 
carcinoma planes 


Squamous cell 
carcinoma 


Erythematous and patchy, usu- 
ally history of actinic keratosis, 
friable 


Treatment 


Small: electrodissection 
and curettage, cryosur- 
gery, excisional biopsy 


Resection often to bone, 
including periosteum, 
frozen sections of 
deep layers 


Evaluate regional nodes, 
neck dissection and 
postoperative radiation 
if indicated 
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than cosmesis. The surgeon should avoid designing flaps 
that adversely affect function (i.e, cheek flap producing 
ectropion). 

Regional nodal metastasis from cutaneous basal cell 
carcinoma is rare, occurring in up to 0.5% of patients 
(33). Nodal metastasis from cutaneous squamous cell car- 
cinoma occurs in up to 12.5% of patients (34). Thus, in 
dealing with squamous cell carcinoma, regional lymph 
nodes must be carefully evaluated. Regional nodal metas- 
tasis from cutaneous malignancies in the head and neck 
most frequently involve the parotid nodes followed by 
upper cervical nodes. For cutaneous lesions larger than 
3 cm, neck dissections or adjuvant therapy should be con- 
sidered. It is mandatory to follow all patients with cuta- 
neous malignancies, and biopsies should be performed 
for suspicious areas. Follow-up of patients with basal cell 
carcinoma should be every 6 months for 5 years as just 
over one-third of patients will develop a second primary 
basal cell carcinoma within 5 years. In many patients with 
skin cancers, constant vigilance is the key to a successful 
outcome. Potential problems and complications that can 
occur when managing these cutaneous malignancies are 
outlined in Table 113.5. 


MERKEL CELL CARCINOMA 


MCC is a rare but aggressive cutaneous malignancy with a 
mortality rate more than twice that of melanoma. The inci- 
dence of MCC is low relative to other cutaneous malignan- 
cies; however, the incidence has tripled from 1986 to 2001 
representing an annual increase of 8% (35). MCC appears 
most frequently in those patients who are white with 95% 
of newly diagnosed MCC occurring in people over 50 years 
of age. Currently, approximately 1,500 cases of MCC are 
diagnosed per year (36). 


SUMMARY OF THE DIAGNOSIS, MANAGEMENT, AND COMPLICATIONS ASSOCIATED 


Problems or 


Closure Complications 


Primary if excised Lesion recurs; large 
excision with 
frozen section or 
Mohs surgery 

Recurrence common; 
primary excision 
is aggressive, 
possible role for 
adjuvant therapy 

Recurrent and large 
lesions; requires 
large en bloc 
resection; failure 
to identify lymph 
node involvement 


Delay reconstruction 
if margins are 
uncertain 


Local flap, graft, or 
distant flap 
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Merkel cells, described by Friedrich Merkel in 1875, are 
large pale cells found in the basal layer of the epidermis 
that resemble cells of the diffuse neuroendocrine system 
and function as mechanoreceptors. Indeed it has been 
demonstrated that Merkel cells are neural crest in origin. 
Ultrastructurally Merkel cells are characterized by having 
projections and cytoplasmic dense core granules facing 
nerve terminals. Merkel cells are highly specific for cyto- 
keratins to include CK-20 as is MCC; thus, MCC is thought 
to arise from Merkel cells. 

MCC most commonly presents in the head and neck as 
well as the extremities. Indeed 70% to 90% of case of MCC 
present in these areas. MCC has a propensity to metasta- 
size to regional lymph node basins with regional disease 
found in 52% to 59% of patients (37). In the clinically NO 
necks, 32% have been found to have microscopic evidence 
of metastasis (38). Distant metastasis is found in 32% to 
34% of cases to include, in order of highest frequency, 
distant skin, lung, central nervous system, bone, and liver 
(37). Risk factors implicated in the development of MCC 
include age greater than 50 years, white skin, suppressed 
immune system, and overexposure to sunlight/UV radia- 
tion to include UVB radiation. Merkel cell Polyomarvirus 
has been identified in some cases of MCC; however, its pre- 
cise role in MCC remains to be determined. 

MCC characteristically presents in an elderly white indi- 
vidual of either sex. The clinical presentation of the lesion 
itself can be rather nonspecific; however, a common pre- 
sentation involves the presentations of a rapidly enlarging, 
nonulcerative, violaceous, nodular cutaneous, or subcuta- 
neous lesion. Indeed on clinical presentation, MCC is rarely 
suspected and the diagnosis is only made after biopsy. 
Light microscopy reveals a small blue cell tumor, and the 
diagnosis is confirmed with immunohistochemistry using 


CK-20 (Fig. 113.10). In the head and neck, the periorbital/ 
cheek areas have been reported as the most common sites 
of involvement. On presentation, 25% of patients have 
palpable regional adenopathy, and 5% have distant meta- 
static disease. 

With the diagnosis of MCC established via histopath- 
ologic analysis of biopsy specimens, workup includes a 
complete evaluation of the skin and regional lymph nodes. 
Imaging consists of CT scan, MRI, and PET scanning where 
appropriate. Primary treatment depends on the staging 
of MCC as defined by the AJCC (Table 113.6). For lesions 
where pretreatment staging does not indicate regional or 
distant metastasis, wide local excision and lymph node 
assessment is appropriate. Margins ranging from 1 to 
2 cm have been advised as well as the use of intraopera- 
tive margin analysis to ensure negative resection margins. 
It has been reported that in the NO neck, elective lymph 
node dissection decreased regional recurrence rates and 
improved survival (39). Pathologic nodal staging is associ- 
ated with improved survival and a decrease in nodal recur- 
rence. Typically, sentinel node biopsy is performed, and if 
positive, neck dissection is then performed to optimize the 
treatment. Postoperative radiation to the primary tumor 
bed and lymphatics is appropriate to minimize postop- 
erative recurrence. Chemotherapy is typically reserved for 
those patients with distant metastatic disease. 

Despite the method of treatment, the overall recur- 
rence rate ranges from 40% to 75% with over 90% of 
recurrences occurring within 2 years of the initial diagno- 
sis of MCC. The overall 5-year survival is 30% to 64%; 
however, those who have developed distant metastasis 
have an 11% 2-year survival rate (40). Median survival for 
patients with regional nodal metastatic disease is reported 
as 11 months. 


Figure 113.10 A: H & E staining of MCC demonstrating diffuse atypical blue cells with minimal 
cytoplasm and many mitoses. B: MCC positive demonstrating a paranuclear dot staining pattern 
with CK-20. 


TABLE 


113.6 AJCC CLASSIFICATION FOR MCC 


Primary tumor (T) 
TX: Primary tumor cannot be assessed. 
TO: No evidence of primary tumor 
Tis: Carcinoma in situ 
T1: Tumor 2 cm or less in greatest dimension 
T2: Tumor >2 cm but not more than 5 cm in greatest dimension 
T3: Tumor >5 cm in greatest dimension 
T4: Tumor invades bone, muscle, fascia, or cartilage 


Regional lymph nodes (N) 

NX: Nodes cannot be assessed. 

NO: No regional lymph node metastasis 

cNO: Nodes negative by clinical exam 

pNO: Nodes negative by pathologic exam 

N1: Regional lymph node metastasis 

N1a: Micrometastasis as seen on sentinel node biopsy or 
elective neck dissection 

N1b: Macrometastasis as seen on clinical exam and confirmed 
by pathologic exam 

N2: In transit metastasis 


Distant metastasis (M) 
MO: No distant metastasis 
M1: Distant metastasis beyond regional nodal basin 
M1a: Metastasis to skin, subcutaneous tissues, or distant lymph 
nodes 
M1b: Lung metastasis 
M1c: Metastasis to other visceral sites 


m Sun exposure is associated with all forms of skin 
cancer. 

m Unlike other forms of basal cell cancer, the mor- 
phea type is particularly difficult to excise because 
of indistinct margins, skip lesions, and a propensity 
for deep invasion. 

m= De novo squamous cell cancer tends to be far more 
aggressive locally and metastatically than cancer 
that develops after actinic changes. 

m High-risk features of cutaneous carcinoma include 
thickness more than 2 mm, perineural invasion, ear 
or non-hair-bearing lip involvement, and poorly 
differentiated or undifferentiated pathology. 

m Premalignant and low-grade lesions can be man- 
aged by topical chemotherapy (i.e., 5-fluorouracil), 
electrodesiccation and curettage, or CO, laser. All 
other lesions should be excised with clear margins 
to maximize success. 

= Consider excising additional tissue to incorporate 
a complete facial unit if more than one-third is 
involved. This produces a more cosmetic and sym- 
metric repair. 
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If confronted with indistinct deep margins ora high 
probability of recurrence, consider skin grafting and 
observation for 6 to 12 months. 

Planned reconstruction should never limit onco- 
logic resection. 

If possible, place incisions in a facial crease, hair- 
bearing areas, junctions of facial units, and parallel 
to relaxed skin tension lines. 

If using a local facial flap, consider the donor site 
defect and its effect on functional structures (eg., 
eyelid, mouth). 

For MCC, sentinel node biopsy is appropriate if ade- 
nopathy is not clinically present. 
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Malignant Melanoma 
of the Head and 


Neck Region 


Aaron J. Berger _—_ Jeffrey N. Myers 


The incidence of cutaneous malignant melanoma (CMM) 
continues to increase at a remarkable rate, and mortality 
from this disease also continues to rise. Despite our best 
attempts to understand the molecular basis of CMM, only 
recently have some of the critical molecular determinants 
of this disease been uncovered and used as a basis for new 
medical treatments. Thus, successful treatment of this dis- 
ease relies heavily upon the surgeon. In this chapter, we 
will review some of the recent developments in the staging, 
evaluation, and treatment of CMM and present guidelines 
for treatment and management of melanoma of the head 
and neck. 


Despite an overall modest decrease in cancer incidence and 
cancer-related deaths over the past 20 years (largely related 
to lung, colon, breast, and prostate cancers), melanoma 
incidence rates and deaths continue to rise yearly. In the 
United States alone for 2013, it is estimated that 76,690 
new melanoma cases will be diagnosed, and 9,480 deaths 
will be attributed to melanoma (1). While melanoma 
accounts for roughly 4% of all skin cancers, it is respon- 
sible for more than 77% of skin cancer deaths. 

The major risk factors for development of cutaneous 
melanoma include fair complexion, tendency to sunburn 
easily, large congenital nevi (greater than 20 cm), presence 
of atypical/dysplastic nevi (2,3), a personal history of skin 
cancer (melanoma or otherwise) (4-7), genetic predispo- 
sition (8), and immunosuppression (9). Head and neck 
melanomas occur more commonly in men (2:1), with a 
median age at diagnosis of 55 years, and a range of 12 to 
92 years (10). 

Epidemiologic studies demonstrate higher rates of 
melanoma in those living in geographic areas that are 
exposed to intense sunlight (i.e., Australia). This find- 
ing and investigations in the laboratory demonstrate 
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that exposure to ultraviolet light plays a major role in 
the pathogenesis of melanoma, and UV-A and UV-B 
radiation have both been implicated. This is further 
supported by the lower rates of melanoma reported in 
people whose skin natively has more pigmentation, and 
the incidence of melanoma is approximately 10 times 
higher in whites than in blacks in the same geographic 
region (11). 

Although the combined head and neck region accounts 
for only 9% of body surface area, 15% to 30% of all mela- 
nomas arise within the head and neck (12,13). Multiple 
factors may contribute to this anatomic predilection for 
the skin of the head and neck, including higher levels of 
sun exposure and melanocyte content of the skin that is 
two- to threefold higher than other regions (14). Of note, 
melanomas arising on the face and scalp are associated 
with higher rates of local recurrence and regional lymph 
node disease than melanomas arising in other parts of the 
body. 


The classic hallmark finding that raises suspicion for 
malignant melanoma is the presence of a pigmented 
lesion that changes over a period of weeks to months. 
Lesions that change substantially in size or color over 
time should prompt medical attention. Other features of 
pigmented lesions, which should alert one to the possibil- 
ity of a malignant process, include changes in diameter 
or height, variations in border, color, ulceration, itching, 
pain, and bleeding (15). Melanomas also may show signs 
of regression with involution of a primary lesion, which 
is often manifested by a “halo” lesion with a central area 
of decreased pigmentation. However, the clinical diagnosis 
of this disease may not always be straightforward; not all 
melanomas are pigmented. As many as 10% of melanomas 
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may lack melanin, some may resemble other cutaneous 
lesions such as basal cell carcinoma, and some tumors may 
not have a surface component. Patients also may be seen 
initially with metastasis to cervical lymph nodes with no 
identifiable primary tumor. 

Once a suspicion of melanoma exists, relevant historic 
factors associated with increased risk of developing this 
disease should be ascertained. These factors include a his- 
tory of childhood sun exposure with episodes of severe 
sunburns and a family history of cutaneous malignancies, 
including melanomas. Other types of pigmented lesions 
are important to note as well. These include junctional or 
acquired nevi that are found in the skin of most adults and 
are generally smaller than 5 mm. Dysplastic nevi tend to 
be larger and have irregular borders with variation in color. 
The identification of a dysplastic nevus should prompt der- 
matologic evaluation and excision because of an increased 
tisk of developing a malignant melanoma within these 
lesions. 

When a patient's skin lesion is suggestive of malig- 
nant melanoma by both history and physical examina- 
tion, biopsy is performed. The clinician should document 
clearly the presence or absence of ulceration before biopsy, 
as this plays a role in staging. The technique for obtain- 
ing tissue for pathologic analysis has been the subject of 
considerable debate. A properly performed biopsy not only 
establishes a diagnosis but also provides critical prognostic 
data and assists in formulating a specific treatment plan. 
The type of biopsy is dictated by factors such as the size 
of the lesion and its anatomic location in relation to vital 
structures in the head, face, and neck. The site of origin 
of a primary melanoma in the head and neck also can be 
of prognostic significance, because lesions of the scalp 
and neck are associated with a worse prognosis than are 
melanomas of the face. Excisional biopsies are the favored 
technique to obtain tissue for diagnosis, and several stud- 
ies have demonstrated an association between decreased 
survival and incisional or manipulative biopsies (16). 
Excision is performed with a narrow margin of normal- 
appearing tissue and should include subcutaneous fat for 
complete evaluation of the depth. 

After excisional biopsy, the specimen is oriented and 
discussed with the pathologist. If the lesion’s size or other 
anatomic or cosmetic constraints preclude excision, inci- 
sional or punch biopsy techniques are acceptable alter- 
natives. Shave biopsies are acceptable, but should only 
be performed by experienced practitioners to ensure that 
the biopsy fully assesses the thickness of the lesion, or in 
cases with low suspicion. All biopsy techniques should 
sample the most representative portion of the lesion. 
Punch biopsy may include sampling the most raised 
area of the lesion or an area with the most pigmentation. 
Lesions with variable heights, colors, and borders may 
require biopsies of multiple areas to be performed for 
accurate and proper diagnosis. Traditional stains such as 
hematoxylin-eosin are used. The immunohistochemical 


stains S-100, HMB-45, and melan-A have helped stan- 
dardize pathologic evaluation of cutaneous lesions 
(Fig. 114.2). 

Fine-needle aspiration and curettage techniques have 
no role in evaluation of suspected invasive cutaneous 
melanoma, as they are inadequate in providing precise 
information regarding the depth of invasion. It should 
also be clearly stated that the initial excisional biopsy 
with negative margins is not considered adequate ther- 
apy for invasive melanoma but does allow re-excision 
with the opportunity to perform lymphatic mapping 
and sentinel lymph node biopsy (SLNB) at the time of 
re-excision. 


MELANOMA SUBTYPES 


Melanoma is divided into four distinct clinicopathologic 
subtypes: lentigo maligna melanoma (LMM), superfi- 
cial spreading, nodular, and acral lentiginous melanoma. 
These lesions demonstrate either a radial (intraepithelial) 
or vertical (intradermal) growth phase or a combination 
of the two. Radial growth is circumferential in nature and 
confined to the dermal-epidermal junction. The verti- 
cal growth phase (intradermal) demonstrates invasion 
through the dermal—epidermal junction. The radial growth 
phase may indicate a lesion’s capacity for growth and inva- 
sion into the papillary dermis. These lesions may lack met- 
astatic potential. Conversely, cells in the vertical growth 
phase may represent a clonal change in cells with a growth 
advantage over neighboring cells, resulting in the clone’s 
ability to invade and metastasize. 

Cutaneous melanomas may mimic a host of other 
pathologic cutaneous lesions. 

Differential diagnosis includes seborrheic keratosis, 
benign nevi (including junctional, compound, and der- 
mal), hemangioma, blue nevi, pyogenic granuloma, and 
pigmented basal cell carcinoma. 

Lentigo maligna (LM), also known as melanoma in 
situ, is a premalignant pigmented lesion that frequently 
develops in the head and neck region of elderly patients 
(Fig. 114.1A). Known historically as Hutchinson mela- 
notic freckle, these lesions are associated with solar 
skin damage and feature atypical melanocytes, which 
spread radially along the dermal-epidermal junction, 
exhibit focal nesting, and occasionally extend along skin 
appendages into the dermis. Up to 5% of LMs or mela- 
nomas in situ progress to invasive LMM. LMM lesions 
should be excised with 0.5- to 1.0-cm margins, although 
prediction of tumor margins can prove difficult. This 
is the least common type of cutaneous melanoma and 
accounts for between 6% and 10% of melanoma lesions. 
Its growth is characterized by a slow radial phase that 
may take up to 10 years to progress. At first, they are 
quite slow to invade deeply, and affected patients have a 
better prognosis when compared with those with other 
forms of melanoma. 
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Photographs of the different subtypes of melanoma. A: Lentigo maligna invasive 
melanoma, Breslow depth 1.35 mm, Clark's level IV, no ulceration, mitotic index of 4, sentinel lymph 
nodes negative. B: Superficial spreading melanoma, Breslow depth 1.36 mm, Clark’s level Ill, no 
ulceration, mitotic index of 5, sentinel lymph nodes negative. C: Nodular melanoma, Breslow depth 
of at least 3.9 mm, no ulceration, mitotic index of 4, sentinel lymph node negative. Case confounded 
by concurrent chronic lymphocytic leukemia. D: Desmoplastic melanoma, Breslow depth of 9 mm, 
Clark’s level V, ulcerated, mitotic index of 5, sentinel lymph nodes negative. An SLNB was performed 
because the initial biopsy showed a spindle cell melanoma that was not thought to be a desmoplas- 


tic melanoma. 


Superficial spreading melanoma represents the most com- 
mon type of melanoma and comprises between 65% and 
75% of cases (Fig. 114.1B). These lesions may demonstrate 
a wide variety of colors, including pink, blue-gray, brown, 
tan, and black. They also may demonstrate radial growth for 
5 to 7 years and then become invasive, an event frequently 
heralded by ulceration and bleeding. High cure rates have 
been reported when these lesions are clinically detected in 
the radial growth phase. Spontaneous regression of superfi- 
cial spreading melanomas also has been reported. 

Acral lentiginous is the most common type of melanoma 
seen in the African American population. Because these 
lesions commonly occur on the soles of the feet, surfaces 
of the hand, and oral/anogenital mucosa, head and neck 
surgeons less commonly encounter them. 


Nodular melanoma comprises between 10% and 15% of 
all melanomas and may affect areas of both exposed and 
non-sun-exposed areas of the skin (Fig. 114.1C). They tend 
to develop in patients older than 50 years. Nodular mela- 
noma is considered to be the most invasive of the cuta- 
neous melanomas, and affected patients have the poorest 
prognosis. 

Desmoplastic melanoma is a histologic variant of mela- 
noma that accounts for fewer than 1% of melanoma cases 
overall (Fig. 114.1D). However, as many as 75% of these 
tumors occur in the head and neck region. Clinically, des- 
moplastic melanomas may be amelanotic, a feature that 
impedes early recognition and often leads to significant 
delays in diagnosis and treatment. Another important 
characteristic feature of these lesions is their neurotropism. 
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This predisposes them to perineural invasion and spread 
that often accounts for local recurrence despite histologi- 
cally “negative margins” with recurrence rates reported 
between 23% and 48% (17-22). Therefore, it is sug- 
gested that wider resection margins be taken around a 
desmoplastic tumor and that adjuvant radiation is often 
recommended after definitive excision. Multiple studies 
have demonstrated a lower rate of regional nodal spread 
in patients with desmoplastic melanoma as compared to 
other histologic subtypes of melanoma (23-27). The lower 
rate of positive sentinel lymph nodes has made the role of 
SLNB in this population less widely recommended (25). 
However, a distinction needs to be made between those 
lesions which are purely desmoplastic and are associated 
with a low rate of nodal metastasis and those that have a 
combination of desmoplastic and a more conventional 
melanoma histology which spread to lymph nodes at the 
higher frequency associated with the nondesmoplastic his- 
tology (25,26). Therefore, SLNB can be recommended in 
the combined desmoplastic cases, which meet other crite- 
tia for performing the biopsy such as depth of invasion, 
number of mitoses, and/or ulceration. 


MUCOSAL MELANOMA 


A telatively rare entity, mucosal melanoma deserves spe- 
cial mention. Primary melanoma may arise in the mucosa 
of the respiratory, alimentary, and genitourinary tracts, as 
they all contain melanocytes. Mucosal melanoma accounts 
for 1% to 2% of all melanomas, with the majority being 
found in the head and neck region (28). More than 50% of 
reported cases arise within the nasal cavity. Other affected 
areas include the paranasal sinuses, nasopharynx, oral 
cavity, and oropharynx. Esophageal mucosa can also be 
affected. Nasal obstruction is the most common present- 
ing symptom for sinonasal lesions. However, a significant 
number of mucosal melanomas may be asymptomatic 
until they have progressed to an advanced stage, which 
contributes to the poor prognosis of patients with this 
diagnosis. Stern and colleagues (29) at the M.D. Anderson 
Cancer Center found an average of 9 months between the 
first onset of symptoms and physician intervention. In 
addition to delay in diagnosis, the poorer prognosis asso- 
ciated with mucosal melanomas may also be related to 
an inherently more aggressive behavior of mucosal mela- 
nomas, or earlier dissemination, because of the rich lym- 
phatic and vascular supply of the mucosa. 

The differential diagnosis includes vascular lesions, 
angiomas, and dental amalgam tattoos. It is not uncom- 
mon for the characteristic melanosis to be absent in muco- 
sal melanoma lesions. Biopsy is usually confirmatory, and 
immunohistochemistry may be used to assist in diagnosis. 
Desmoplastic variants of mucosal melanoma have been 
described in the head and neck (30). No studies have con- 
clusively demonstrated that depth of invasion is of prog- 
nostic importance in mucosal melanoma. 


The majority of these patients have a poor prognosis. 
These tumors have a high rate of local recurrence, which 
is typically a harbinger of disseminated disease, and most 
of these patients die from complications related to distant 
metastases. 

Anatomic constraints frequently preclude the use of 
excisional biopsy techniques in most patients with muco- 
sal melanoma. Although wide local excision is the main- 
stay of therapy, radiation therapy has been used as a 
primary modality and postoperative adjuvant therapy with 
unclear benefit (31-33). It should especially be considered 
in situations when adequate resection margin is not pos- 
sible, where it may help prevent local recurrence (34). 

Patients may experience multiple local recurrences and 
ultimately die of a combination of uncontrolled local and 
distant disease. Five-year survival rates for mucosal mela- 
noma range between 10% and 45% (35-39). 


MELANOMA STAGING SYSTEM 


The staging of malignant melanoma has evolved over the 
past half century in efforts to more reliably determine 
prognosis and to identify the most appropriate treatment 
schemes. Clark and Breslow made significant contribu- 
tions to the microscopic grading of primary cutaneous 
melanoma. Clark (40) described five levels of anatomic 
invasion through the layers of the skin. In the Breslow sys- 
tem (41), the maximum thickness of melanomas is used as 
a prognostic indicator. 

The current staging system for melanoma developed 
by the American Joint Committee on Cancer (AJCC) and 
adopted by the International Union for Cancer Control, 
relies upon assessment of the primary tumor (T), regional 
lymph nodes (N), and distant metastatic sites (M). The 
seventh, and most recent, edition of this staging system 
is based upon long-term analysis of over 38,900 patients 
with cutaneous melanoma (42) (Table 114.1). 


Primary Tumor 


Tumor thickness, presence or absence of ulceration, and 
mitotic rate are the histopathologic details factored into 
staging, as they have been demonstrated to correlate closely 
with prognosis. Clark level has clinical utility in the evalu- 
ation and treatment of patients with thin melanomas, and 
thus, is only included in the staging of melanomas less 
than or equal to 1 mm in thickness. 


Regional Nodal Staging 


Regional nodal status is the most powerful predictor of sur- 
vival for patients with melanoma (43) and has led to the 
widespread adoption of SLNB in the evaluation of patients 
with primary cutaneous melanomas. For patients with clin- 
ically detectable lymph nodes on presentation, regional 
imaging (CT or MRI) as well as fine-needle aspiration 
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TABL 


E 
114.1 CUTANEOUS MELANOMA TNM STAGING 


Melanoma TNM Classification 


T Classification Thickness 
. Not applicable 
T1 <1.0 mm 
T2 1.01-2.0 mm 
T3 2.01-4.0 mm 
T4 >4.0 mm 


N Classification Number of Metastatic Nodes 
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Ulceration Status 
Not applicable 
A: w/o ulceration and mitosis <1/mm? 
B: with ulceration or mitosis =>1/mm? 
A: w/o ulceration 

B: with ulceration 

A: w/o ulceration 

B: with ulceration 

A: w/o ulceration 

B: with ulceration 


Nodal Metastatic Mass 


N1 One node A: micrometastasis* 
B: macrometastasis” 
N2 —Two to three nodes A: micrometastasis* 
B: macrometastasis® 
C: in-transit met(s)/satellite(s) 
without metastatic nodes 
N3 Four or more metastatic nodes, or matted nodes, or in-transit 


met(s)/ satellite(s) with metastatic node(s) 


M Classification Site Serum LDH 
Mia Distant skin, subcutaneous, or nodal metastases Normal 
M1b Lung metastases Normal 
M1c All other visceral metastases Normal 

Any distant metastasis Elevated 


*Micrometastases are diagnosed after sentinel or elective lymphadenectomy. 
’Macrometastases are defined as clinically detectable nodal metastases confirmed by therapeutic lymphadenectomy or when nodal metastasis 


exhibits gross extracapsular extension. 


Used with the permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The original and primary source for this information 
is the AJCC Cancer Staging Manual, Seventh Edition (2010) published by Springer Science and Business Media LLC (SBM). 


may be performed to confirm the presence of melanoma; 
if found, therapeutic lymph node dissection and systemic 
staging are recommended (Fig. 114.2). The extent of dis- 
section remains controversial and will be addressed later 
in this chapter. 

The decision to perform SLNB is typically based upon 
characteristics of the primary tumor, as the risk of regional 
metastasis is known to correlate with tumor thickness 
and ulceration (44-48); high mitotic rate and younger 
patient age have also been associated with SLN positivity 
rates (49-51). With respect to SLN status, patients with T1 
lesions have a 3% to 5% risk of SLN positivity; T2, 8% to 
12%; T3, 23% to 27%; and T4, 24% to 44% (46,50,52). 

When reporting the pathologic nodal status after SLNB 
or a more comprehensive lymphadenectomy, it is impor- 
tant to include the number of nodes involved (53), micro- 
versus macrometastases (53), and the presence or absence 
of in-transit metastases. In-transit metastases are a unique 
manifestation of intralymphatic tumor dissemination, 
characterized by the presence of melanoma in either cuta- 
neous or subcutaneous tissue situated between the primary 
tumor and the draining regional lymph node basin (54). In 


early stage disease, these develop in 2% to 13% of patients 
(55,56), and based on poor patient outcomes associated 
with their presence, they are considered equivalent to the 
presence of significant nodal disease (Table 114.1). 

The prognosis for patients with microscopic metastases 
found at the time of SLNB (67% 5-year survival) is bet- 
ter than for patients with macroscopic metastases detected 
clinically (43% 5-year survival) (57). For patients with 
microscopic metastases, the number of tumor containing 
nodes is the most important prognostic indicator followed 
by the mitotic rate (57). For patients with macroscopic 
metastases, the number of nodes, primary ulceration, and 
patient age are the most important prognostic factors (57). 
Buzaid et al. (58) showed that the number of lymph nodes 
involved with regional metastases is more predictive of 
treatment outcomes than is the size of lymph nodes har- 
boring metastatic disease. 

In the head and neck, lateralized tumors may drain 
into the primary echelon nodal basins, including preau- 
ricular, parotid, postauricular, suboccipital, posterior cer- 
vical, anterior cervical (external or internal jugular), and 
supraclavicular nodal groups. Nodal drainage basins in the 
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Figure 114.2 Initial management of cutaneous melanoma (Adapted from NCCN). H&P, History 
and Physical Examination; FNA, Fine-needle aspiration. 


head and neck are less predictable when compared with 
trunk and extremity sites. Although some areas on the 
scalp, face, and ears may have predictable lymphatic drain- 
age, bilateral or contralateral metastases are not uncom- 
mon, and ambiguous drainage patterns can be seen in up 
to 55% of patients (59). Preoperative and intraoperative 
lymphoscintigraphy helps to precisely define an individu- 
al’s pattern of lymphatic drainage in primary melanomas 
of the head and neck region (60). 


Metastatic Workup 


The National Comprehensive Cancer Network (NCCN) 
guidelines for melanoma do not recommend routine use 
of imaging studies such as CT, MRI, or PET scans for the 
systemic staging of patients with thin melanomas (stage | 
and II) since the risk of distant metastasis is exceedingly 
low in this group of patients (61). For patients with thin 
melanomas with adverse features such as positive deep 
margins, lymphovascular invasion, or mitotic rate greater 
than 1 per mm”, imaging is recommended only to investi- 
gate specific signs or symptoms that may be attributable to 
a metastatic lesion. 

For patients with stage II] melanomas (metastatic dis- 
ease in a lymph node, satellite, or in-transit metastases), 
the NCCN guidelines do not make specific recommenda- 
tions and leave the workup to the discretion of the treating 
physician. Without any signs or symptoms, the likelihood 


of finding an occult metastatic lesion with screening CT or 
PET scan is low. 

For stage IV (distant metastases), the NCCN guidelines 
recommend an LDH level plus chest x-ray and/or chest CT 
(Fig. 114.3). A brain MRI or CT scan with contrast should 
be performed if the patients have even minimal suggestions 
of symptoms or physical findings of brain involvement or if 
the results would affect treatment decisions. LDH levels have 
been shown to correlate with melanoma-specific survival 
(62). Nevertheless, in our practices, in order to help select 
and prioritize treatments for patients with Stage III or IV 
disease, we will often perform systemic imaging to include 
and brain MRI and either a PET/CT or CT of the head and 
neck, chest, abdomen, and pelvis. As an example, a patient 
presenting with regional nodal metastatic disease found to 
have distant metastatic disease on systemic imaging might 
be offered systemic treatment rather than surgery and radia- 
tion as initial treatment. Thus, we find imaging quite helpful 
in these instances to make informed treatment decisions. 


DETECTION OF OCCULT LYMPH NODE 
DISEASE 


As stated previously, the most powerful predictor of sur- 
vival is lymph node status. In patients with lesions less 
than 0.75 mm in depth, lymph node observation is appro- 
priate. Patients with lesions between 0.76-1.0 mm in 
depth, without ulceration and less than 1 mitosis per mm? 
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should consider lymph node evaluation. Patients with 
lesions between 0.76-1.0 mm in depth with ulceration or 
21 mitosis per mm? or with lesions >1 mm with any char- 
acteristic should be offered lymph node evaluation. Of the 
two main ways of evaluating for occult lymph node metas- 
tases, SLNB has supplanted elective lymph node dissection 
(ELND) as the preferred method. 

The rationale for determination of nodal status is to 
appropriately stage patients and to identify patients who 
may benefit from regional therapy with surgery, radiation, 
or both to improve locoregional control. The goal is to 
also identify patients at greater risk for systemic recur- 
rence who could potentially benefit from systemic adju- 
vant therapy. 


Elective Lymph Node Dissection 


The utility of ELND in the initial management of patients 
with CMM of intermediate-thickness or thicker lesions is 
questionable in the current era of SLNB. In terms of using 
ELND to attempt surgical cure, four prospective random- 
ized clinical trials failed to show a benefit from ELND in 
melanoma (63-66). However, data from the World Health 
Organization (WHO) Melanoma group Trial 14 and the 
Intergroup Melanoma Surgical Trial suggest that certain 
subgroups of patients may benefit from ELND (44,67,68). 
In particular, patients in the WHO study with truncal mela- 
noma greater than 1.5 mm thick and microscopic regional 
nodal disease had improved survival compared to those 
patients in whom lymph node dissection was delayed until 
they developed palpable lymphadenopathy (5-year survival 
48.2% vs. 26.9%, P = 0.04). In the intergroup study, patients 
younger than 60, with nonulcerated primary lesions 1 to 2 
mm thick, had a survival benefit from ELND. While these 
studies demonstrate survival benefits in select groups of 
melanoma patients with clinically undetectable disease, 
the majority of patients (80% to 85%) will not have occult 
metastases. 

The development of SLNB has enhanced the sensitivity 
and specificity of lymph node biopsy, and it has replaced 
ELND, a procedure with greater potential morbidity and 
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Figure 114.3 Management of met- 
astatic melanoma (Adapted from 
NCCN). 


disability, in the initial assessment of regional metastatic 
disease in patients with CMM of the head and neck region. 


Sentinel Lymph Node Identification 
and Biopsy 


Seminal work by Dr. Donald Morton (14) and others has 
supported the hypothesis that, within each nodal basin, an 
orderly progression of lymphatic drainage is found from a 
first-echelon or sentinel node to nodes of lower echelons. 
This implies that if one can identify the sentinel lymph node 
in a basin at risk for spread from a melanoma and find it to 
be free of metastasis, then the remainder of nodes in that 
basin should also be free of metastatic tumor. This concept 
has been subsequently supported in a number of trials for 
non-head and neck CMM. Universal adoption of SLNB for 
CMM of the head and neck was somewhat delayed second- 
ary to the belief that nodal drainage patterns in the head and 
neck region might be too complex to make SLNB feasible. 
Eicher et al. were among the first to dispel this notion (69), 
demonstrating SLNs in 98% of patients in whom SLNB was 
performed in the context of a regional lymphadenectomy 
in patients with intermediate-thickness cutaneous melano- 
mas in the head and neck region. No patients were found 
to have a positive non-SLN when the SLN was negative. 
Overall, studies reflect that the predictive value of a negative 
SLN approaches 99% and that the SLNB procedure has a 
low false-negative rate (less than 4%) (70,71); however, this 
rate may be slightly higher in head and neck melanomas as 
compared to the trunk or extremities (72). Studies of SLNB 
for patients with head and neck primary melanomas report 
a range of regional recurrence from 2% to 8% in patients 
who had negative SLN (67,70,72). 

Patients with melanomas <0.75 mm in depth with or 
without adverse characteristics are not offered sentinel 
lymph node biopsy. Patients with melanomas 0.76-1.0 
mm in depth without ulceration and <1 mitosis per mm? 
should consider SLNB. Patients with melanomas 0.76-1.0 
mm in depth with ulceration or =>1 mitosis per mm’, or 
>1 mm in depth with any characteristic should be offered 
SLNB (G1) (Fig. 114.4). 
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Figure 114.4 Surgical management of cutaneous melanoma (Adapted from NCCN). WLE, wide 
local excision (see Primary Resection section for suggested margin of resection); SLNB, sentinel 
lymph node biopsy; imaging modalities to consider: Chest x-ray, CT + PET, MRI. 


Technical Considerations 
Localization and mapping of sentinel lymph nodes typi- 
cally involves preoperative cutaneous lymphoscintigraphy 
as well as intraoperative localization of lymph nodes with 
vital blue dye and handheld gamma probe detection of 
lymph nodes harboring technetium-99m (°*Tc)-labeled sul- 
fur colloid. SLNB is usually performed at the time of wide 
excision of the primary tumor. Preoperative lymphoscintig- 
raphy involves intradermal (not subcutaneous) injection 
of °°Ic-labeled sulfur colloid divided into four quadrants 
around the melanoma. SPECT imaging (single photon emis- 
sion computed tomography) of the draining radioactive col- 
loid identifies the regional nodal basins at risk, and, in some 
cases, the number and location of SLNs within the basin. 
Intraoperative injection of blue dye and °°Tc-labeled sulfur 
colloid intradermally around the intact tumor/biopsy site is 
taken up by the lymphatic system, and the afferent lymphatic 
channels and SLNs are identified by the uptake of blue dye 
and radioactive signal (using handheld gamma probe). The 
addition of radiocolloid to blue dye increases the surgeon's 
ability to identify the SLN from 84% to 85% accuracy with 
blue dye alone to 96% to 99% (45). By performing the lym- 
phoscintigraphy the morning of surgery, the radioactivity 
from the lymphoscintigraphy can be used for intraoperative 
localization, and a second injection of the radioactive col- 
loid is not needed. If the delay between lymphoscintigraphy 
and SLNB is more than a few hours, a second injection of 
the radiolabelled sulfur colloid is performed (73-75). 
Lymphazurin (1% isosulfan blue, US Surgical Corp, 
Norwalk, CT) was the first blue dye to be approved by the 


FDA for lymphangiography and is considered the gold 
standard dye for SLNB (76). However, due to shortages and 
anaphylactic reactions to the isosulfan blue, other blue dyes 
such as methylene blue have been successfully used (77). 

In the head and neck, lymphatic basins can overlap with 
the primary tumor site making identification of the SLN 
difficult. Rasgon (78) advocated the use of lower levels of 
radioactivity (0.1 to 0.6 mCi) for lymphoscintigraphy and 
SLNB. We have had similar problems with radioactivity 
from ear, cheek, or neck melanomas obscuring evaluation 
of the underlying lymph nodes. As a result, in these areas, 
we have lowered the injected level of radioactivity from 
1 to 0.4 mCi. Another effective strategy for dealing with 
this “shine-through” from the primary injection obscuring 
the sentinel lymph nodes nearby is to remove the primary 
tumor prior to sentinel node identification. 

More recently, SPECT-CT has been used to aid in iden- 
tification of sentinel lymph nodes in the head and neck, 
providing higher sensitivity for SLN detection and detailed 
anatomic localization (79,80) (Fig. 114.5). This technique 
has proven particularly useful in determining the extent 
of parotid gland LN involvement, assisting the surgeon 
in determining the necessary extent of parotid dissection 
(81). Another area in which this imaging adjunct has been 
useful is discerning whether high cervical lymph nodes are 
in the external or internal jugular chains, facilitating pre- 
operative counseling about incisions and potential risk to 
vital structures such as the spinal accessory nerve. 

For the SLNB to be accurate, all true SLNs, regardless 
of location, must be identified and harvested, since the 
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Figure 114.5 Patient with superficial spreading type melanoma of the posterior neck. A: 
Lymphoscintigraphy showing the injection site (large arrow). The sentinel lymph nodes are seen 
laterally in the neck bilaterally (arrowhead). B: SPECT/CT showing much improved anatomic detail 
of the radioactive lymph nodes in the supraclavicular fossa bilaterally. SLNB successfully identified 
three sentinel lymph nodes. Two sentinel lymph nodes on the left and one on the right all harbored 
metastatic disease. Subsequent bilateral neck dissections did not reveal any metastatic disease in 


the nonsentinel lymph nodes. 


histologic status of one draining basin does not predict 
the status of other basins in patients with melanomas that 
drain to multiple regional basins. Eicher et al. (69) found 
that head and neck primary melanomas drain to an aver- 
age of 2.2 nodal basins per patient, with drainage to non- 
adjacent nodal basins in 42% of patients. Reynolds et al. 


(82) performed an extensive review of lymphoscintigra- 
phy results from 929 patients with head and neck mela- 
noma, demonstrating that the lymphatic drainage patterns 
in the head and neck are not always predictable. O’Brien 
et al. (59), at the Sydney Melanoma Unit, performed 
lymphatic mapping in the treatment of head and neck 
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melanoma in 97 patients. The authors found a high rate 
(34%) of disagreement between clinically predicted lym- 
phatic drainage pathways in the head and neck region and 
those demonstrated on lymphoscintigraphy. Their analy- 
sis also revealed a large number of SLNs for each patient: 
13 patients had a single SLN, 33 patients had two SLNs, 
3 had three SLNs, 15 had four SLNs, and 6 had five SLNs, 
indicating some of the complexity of lymphatic mapping 
in the head and neck region. 

We recommend removing lymph nodes identified with 
the handheld gamma probe until all lymph nodes with 
counts per minute greater than 10% of the counts per min- 
ute found in the lymph node with the highest uptake of 
the radiolabelled sulfur colloid (83,84). Abou-Nukta and 
Ariyan reported that removing the three hottest lymph 
nodes and all of the blue lymph nodes detected 100% of 
the positive SLNs. In addition, 98% of the positive SLNs 
in their study had radioactivity counts greater than 30% 
of the hottest lymph node. They have suggested that the 
removal of lymph nodes with radioactivity less than 30% 
of the hottest lymph node is unnecessary (85). 


Pathologic Analysis of SLNs 

An additional benefit of SLNB is that it can focus a more 
extensive evaluation of lymph nodes at risk for subclini- 
cal metastases. Workers at the M.D. Anderson Cancer 
Center have shown that analysis of serial sections of an 
SLN can increase the sensitivity in detection of nodal 
metastases, thereby improving the selection of patients 
who receive regional and systemic treatment (86). The use 
of frozen sections for evaluation of an SLN is not recom- 
mended because false negatives have been reported, sec- 
ondary to inferior quality relative to permanent sections. 
Immunohistochemistry for S-100, HMB-45, MART-1/ 
melan-A, or, more recently, the reverse transcriptase poly- 
merase chain reaction (RT-PCR) is required since hematox- 
ylin and eosin alone will miss up to 12% of positive nodes 
(87). It is important to note that in the new AJCC staging 
system, immunchistochemically detected SLN metastases 
are formally considered evidence of node-positive disease 
(88). With respect to RT-PCR analysis of SLN, it remains 
investigational and should not be used outside of a clinical 
trial to direct further therapy (89). 

The role of SLNB continues to be refined in the man- 
agement of CMM of the head and neck region. The com- 
plexity of lymphatic drainage patterns and the frequent 
need to remove SLNs from the parotid gland, placing 
the facial nerve at risk, initially made head and neck sur- 
gical oncologists somewhat slow to adapt this method. 
Multiple centers have reviewed their experience with lym- 
phatic mapping by using preoperative lymphoscintigraphy 
and intraoperative blue-dye localization and a handheld 
gamma probe (75,86). The University of Michigan group 
reported no facial nerve injuries in 19 patients with SLNs 
removed from the parotid gland (90), and this tech- 
nique of removing parotid nodes without performing 


a complete parotidectomy has become widely adopted. 
The low false-negative rate of lymphatic mapping lends 
further support for the use of this method for staging the 
regional lymphatics (91). Data from these studies suggest 
that lymphatic mapping by using the combination of blue 
dye and a handheld gamma probe is an effective method 
for ruling out regional metastases in patients with mela- 
noma and identifying patients who might benefit from 
further lymph node dissection, radiation, and/or systemic 
adjuvant therapy. 


Potential Therapeutic Benefit from SLNB 

In an effort to determine the impact of SLNB on sur- 
vival, Morton et al. (92) performed a prospective analy- 
sis of 1,269 patients with intermediate stage melanoma 
(1.2- to 3.5-mm depth) and no lymphadenopathy. The 
patients were randomly assigned to receive wide excision 
and postoperative observation of regional lymph nodes, 
or wide excision and SLNB with immediate lymphadenec- 
tomy if nodal micrometastases were detected. Five-year 
melanoma-specific survival was not significantly differ- 
ent between the two groups (87.1% vs. 86.6%; P = 0.58). 
However, the group performed several subgroup analyses 
and clearly demonstrated that SLNB provides important 
prognostic information, identifying patients with micro- 
scopic nodal metastases, a median of 16 months earlier 
than presentation of clinically evident nodal metasta- 
ses (92). Comparison between patients who under- 
went immediate lymphadenectomy for positive SLN and 
patients who underwent delayed lymphadenectomy for 
clinically detected nodal relapse, 5-year melanoma-specific 
survival, was significantly better in the SLN group (72.3% 
vs. 52.4%; P = 0.004) (92). 

The value of SLNB lies in its ability to improve staging 
accuracy and, in turn, the ability to obtain regional disease 
control early, as melanoma-specific survival is better when 
lymphadenectomy is performed in patients with micro- 
scopic nodal burden than in patients with multiple nodal 
metastases (53,93-95). The presumption is that once 
nodal disease becomes clinically evident (palpable), meta- 
static deposits may already be present at distant sites. 

While primarily advocated for patients with interme- 
diate-thickness melanomas, SLNB should not be omitted 
from the workup of patients with thick (greater than 4 mm) 
melanomas, as it remains a prognostically powerful tool in 
this patient cohort (96-100). 


TREATMENT: PRIMARY RESECTION 


After an appropriate preoperative workup, therapeutic 
options are discussed with the patient. Surgical resec- 
tion has been the mainstay of therapy in the treatment 
of primary cutaneous melanoma in the head and neck. 
Treatment includes resection of the primary melanoma or 
previous biopsy site with a rim of normal-appearing tissue 
surrounding it. 


Chapter 114: Malignant Melanoma of the Head and Neck Region 


The minimal resection margin necessary for adequate 
resection has been the topic of debate. Historically, 5-cm 
excision margins were suggested, based on the propensity 
of melanomas to recur in areas adjacent to the primary site, 
although no survival advantage could be demonstrated. 
Based on subsequent retrospective analyses, it was sug- 
gested that narrower resection margins might be appropri- 
ate for thin or intermediate-thickness lesions (101). Recent 
randomized trials concluded that local and regional con- 
trol rates and survival were not different when excisions 
with large (5-cm) margins, and those using more conserva- 
tive (2-cm) margins were compared (102). 

In a collaborative review, investigators at the University 
of Texas M.D. Anderson Cancer Center and the Moffitt 
Cancer Center found no increase in local recurrence rates 
or worse survival rates in patients when thick primary mel- 
anomas (larger than 4 mm) were excised with a margin of 
10 mm or less (103). Of note, a recent Cochrane review 
of surgical excision margins for primary cutaneous mela- 
noma (including five randomized controlled trials) was 
unable to demonstrate a statistically significant difference 
in overall survival between narrow and wide excision mar- 
gins (104). 

According to the NCCN, current guidelines for adequate 
resection margins of cutaneous melanoma are the follow- 
ing (which may be modified to accommodate individual 
anatomic or functional considerations) (61): 


In Situ (T,,) 0.5 cm 
<1 mm (T1) 1 cm 
1.01-2.0 mm (T2) 1-2 cm 
2.01-4.0 mm (T3) 2cm 
>4 mm (T4) 2cm 


Frequently, in the head and neck, proximity of struc- 
tures such as the eyes, nose, ears, and circumoral anatomy 
effectively limits the borders for excision. Excisions are car- 
ried out in a full-thickness fashion down to underlying fas- 
cia such that all margins, including those that are deeply 
invaded, may be effectively evaluated. 

Significant controversy exists regarding the use of frozen 
section for evaluation and diagnosis. Zitelli et al. (105) and 
other Mohs surgeons have reported that frozen sections of 
analysis for surgical margins of melanoma had sensitivity and 
specificity of 100% and 90%, respectively. However, many 
dermatopathologists believe that the use of frozen sections is 
inadequate to distinguish the margins of pigmented lesions. 
Therefore, we recommend control of margins by permanent- 
section pathologic analysis and often delay reconstruction 
until margin analysis has been completed. However, Mohs’ 
surgery may be useful for extensive contiguous disease such 
as large, clinically ill-defined in situ melanoma of the lentigo 
maligna type. Alternatively, for some of these lesions, with 
positive surgical margins showing in situ disease, topical 
imiquimod or radiotherapy may be considered (61). 


1749 


Methods of reconstruction after resection for melanoma 
are beyond the scope of this chapter. However, most 
lesions can be closed either primarily with the use of local 
advancement flaps or with the use of skin-grafting tech- 
niques. Skin grafting may allow closer surveillance for ear- 
lier detection of recurrent disease, and may also serve as a 
bridge to later definitive flap reconstruction. 

Though more rare than cutaneous melanoma, mucosal 
melanoma deserves some mention in this section. While 
early detection is unlikely because of the occult anatomic 
locations, diagnosis must be established through full-thick- 
ness biopsy if possible. If the size or location of the lesion 
precludes excisional biopsy, incisional biopsy should 
include a representative sample from the border of the 
lesion, to assist the pathologist in differentiating a primary 
mucosal melanoma from mucosal melanoma metastasis. 
The primary approach to treatment of mucosal melanoma 
is wide surgical resection, for which the 5-year overall sur- 
vival is only 13% to 22% (106,107). As a result of these 
poor outcomes and concern regarding adequate resection, 
radiotherapy and chemotherapy are often pursued as adju- 
vant therapies in the treatment of mucosal melanoma. 


LYMPHADENECTOMY: THERAPEUTIC 
NECK DISSECTION AND 
PAROTIDECTOMY 


For patients with clinically positive lymph nodes, neck 
dissection is indicated (Fig. 114.6). However, the extent of 
neck dissection remains an area of controversy but ranges 
from removal of gross disease by selective lymphadenec- 
tomy to radical neck dissection and its modifications. 

Studies from Memorial Sloan-Kettering Cancer Center, 
the Melanoma Unit in Sydney, Australia, and Duke 
University have investigated the effect of neck dissection 
on outcome for patients with melanoma (108,109). Shah 
and colleagues (110) concluded that in the presence of 
clinically positive lymph nodes, a comprehensive neck dis- 
section should be carried out. The type of neck dissection 
was tailored to the site of the primary tumor. For instance, 
in patients with melanomas of the face, ear, and anterior 
scalp, dissection of the parotid gland and lymph node lev- 
els I through IV was carried out. Patients with lesions in 
the postauricular and posterior scalp and neck required 
dissections of levels II through V. A complete discussion 
as to type and technique of neck dissection can be found 
elsewhere in this chapter. 

For patients with positive SLNs, treatment options 
include observation, completion lymphadenectomy, 
and/or radiation therapy. In approximately 20% of SLN- 
positive patients, completion lymphadenectomy reveals 
additional melanoma-containing lymph nodes (111). 
Thus, completion lymphadenectomy is highly recom- 
mended for patients with positive SLN to ensure regional 
control. However, the multicenter selective lymphadenec- 
tomy trial (MSLT-II), which is currently in progress, is 
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Figure 114.6 Management of node-positive melanoma (Adapted from NCCN). LN, lymph node; 
ECS, extra 22 cm tumor within lymph node capsular spread. 


investigating the use of serial nodal ultrasound to identify 
those SLN-positive patients who will need completion 
lymphadenectomy, sparing up to 80% of patients a poten- 
tially unnecessary operation (112). The use of radiation 
therapy for SLN-positive patients will be addressed later in 
this chapter. 


RADIOTHERAPY 


Like many issues important to the treatment of malignant 
melanoma, radiotherapy, both as the primary modality 
of therapy and in the adjuvant setting, has sparked much 
controversy in the past century. Conflicting reports as to 
its efficacy included investigators unabashedly stating that 
malignant melanoma cells were radioresistant. However, 
groundbreaking work by Barranco et al. (113) found that 
cultured malignant melanoma cells differ from other types 
of tumor cells in their radiosensitivity. The observed radio- 
resistance of melanoma could be overcome by increasing 
the individual dose fraction. These studies have helped 
form the basis for clinical practice, and subsequent studies 
helped to determine the ideal fraction size and total thera- 
peutic dose that effectively treats melanoma. 

Radiotherapy is not generally recommended for the pri- 
mary treatment of CMM. However, in some exceptional 
circumstances, its use is advocated. In patients who are 
poor candidates for surgical resection, radiotherapy may 
offer an acceptable alternative. 

For those patients with extensive facial LM melanoma 
that precludes adequate surgical resection based on func- 
tional or cosmetic considerations, radiotherapy has been 
used and has provided excellent outcomes (114). However, 
more recently, advances in topical therapies such as imiqui- 
mod are supplanting radiation therapy in the nonsurgical 
treatment of LMM. 

In prospective nonrandomized clinical trials carried out 
at The University of Texas M.D. Anderson Cancer, three 
subgroups of patients were studied (115). The first group 
had primary lesions thicker than 1.5 mm or had lesions 
extending to Clark level IV or V and received elective 


radiation after a wide local resection. The second group had 
palpable lymphadenopathy and received radiation in the 
adjuvant setting after excision of primary lesions coupled 
with a therapeutic neck dissection (selective or modified 
radical). The last group of patients underwent radiation 
after therapeutic neck dissection for regionally recurrent 
melanoma. Hypofractionated radiotherapy was delivered 
in five fractions of 6 Gy, twice weekly, to a total dose of 
30 Gy. Theoretically, the large radiation fractions were used 
to overcome the melanoma radioresistance. Only 6 of 174 
patients developed recurrence above the clavicles, but 58 
patients developed distant metastases. The 5-year survival 
rate was 47%, and the local-regional control rate was 88% 
for all patients. The 5-year survival rates compared favor- 
ably with historical controls, and the radiation side effects 
were tolerable. These studies formed the basis for the use 
of hypofractionated radiation in melanoma. 

Later studies from this group evaluated the outcome 
of patients with clinically apparent cervical lymph node 
metastases from malignant melanoma managed with sur- 
gical resection and adjuvant radiation (116). After 10-year 
follow-up, the group demonstrated a 94% regional con- 
trol rate. Radiation-related complications for the patients 
were rare and manageable (116). The same group evalu- 
ated the utility of radiation therapy alone in the treatment 
of 36 patients with positive SLNB (in lieu of completion 
lymphadenectomy) and demonstrated 93% regional con- 
trol over 5 years (117). 

The Trans Tasman Radiation Oncology Group and 
Australia and New Zealand Melanoma Trials Group 
reported on a prospective study of radiation versus obser- 
vation after lymphadenectomy on patients from 16 dif- 
ferent centers (118). Inclusion criteria included greater 
than or equal to one parotid, greater than or equal to two 
cervical or axillary, or greater than or equal to three groin- 
positive nodes; extra nodal spread of tumor; or minimum 
metastatic node diameter of 3 cm (neck or axilla) or 4 cm 
(groin). Radiation was given as 2.4 Gy in 20 fractions over 
4 weeks. There was a statistically significant improvement 
in lymph node field control with radiotherapy: 20 of 109 
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radiation and 34 of 108 observation patients relapsed 
regionally (P = 0.04). Despite improved local regional 
control, the overall survival was better in the observation 
group (47 months median survival) versus the radiation 
group (31 months median survival) although this was not 
statistically significant (P = 0.14). These data have raised 
concerns about possible deleterious effects of radiation as 
a contributor to the development of distant metastases. 
This question remains to be answered. 

The NCCN recommends adjuvant radiation for patients 
with desmoplastic melanoma with narrow margins, recur- 
rent disease, extensive neurotropism, gross nodal extracap- 
sular extension, =>2 lymph nodes, =2 cm of tumor in alymph 
node, or unresectable nodal, satellite or in-transit disease 
(Fig. 114.6). Additionally, radiotherapy should be consid- 
ered after excision of mucosal melanomas, which may or 
may not be amenable to complete excision (32,120). 


SYSTEMIC THERAPY 


Two major indications exist for systemic therapy in the 
management of patients with CMM. The first indica- 
tion is the adjuvant treatment of patients who have com- 
pleted locoregional therapy and have no evidence of local, 
regional, or systemic disease but who are thought to be at 
high risk for systemic relapse. The second indication for 
systemic treatment is the presence of distant metastases. 
A number of systemic therapy options are available to treat 
patients with either of these indications, including single- 
agent or multiple-agent chemotherapy, biochemotherapy, 
or strategies using immune modulation. 

A number of clinical studies have been designed to 
evaluate the role of systemic adjuvant therapies for patients 
who have completed local-regional treatment and who are 
believed to be at high risk for the development of distant 
metastatic disease. Although no universal definition exists 
for the high-risk patient, a number of studies have accrued 
patients with primary lesions that are ulcerated, more than 
4 mm in depth or Clark level IV, or those patients with 
satellitosis, in-transit disease, or nodal metastases. It is well 
established that the prognosis of patients with metastatic 
melanoma is poor; those with liver, brain, or bone metas- 
tasis have a median survival of only 3 to 4 months. 


Interferon 


Interferon alfa is one of the most well-studied agents for 
the systemic adjuvant therapy of CMM arising from all 
sites (121,122). However, it has yet to be shown unequiv- 
ocally to improve overall survival for these patients. The 
interferons are a family of proteins that have both immu- 
nostimulatory and antiangiogenic activity and have excel- 
lent preclinical antitumor activity in a number of systems. 
Interferons enhance phagocytosis and free radical pro- 
duction in macrophages and increase activity of natural 
killer cells. 
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A prospective, randomized, clinical trial of high-dose 
interferon alfa-2b in the treatment of patients with high- 
risk melanoma was conducted by the Eastern Cooperative 
Oncology Group (122). High risk was defined as thick 
melanomas greater than 4 mm in Breslow depth and 
lymph node involvement by melanoma. High-risk patients 
were given high-dose interferon alfa-2b, 20 MU/m/?/d 
intravenously for 4 weeks. This was followed by 10 MU/ 
m?’/d, administered subcutaneously, 3 days weekly for the 
remainder of the year. An increase in survival of 2.8 to 3.8 
years was observed, and the recurrence-free survival ranged 
from 1 month to 1.7 years. The survival advantages were 
statistically significant in patients with regional lymph 
node metastasis. Most patients experienced significant 
toxicity that included chills, fevers, myalgias, and other 
constitutional symptoms including fatigue and anorexia. 
A follow-up trial of high- and low-dose interferon alfa- 
2b in high-risk melanoma, E1690, was reported by the 
intergroup (121). This study did not confirm the earlier 
improvement in overall survival but did demonstrate a 
dose-dependent improvement in 5-year recurrence-free 
survival rates from 35% to 44%. This is the 9% improve- 
ment in survival that many practitioners quote when dis- 
cussing this treatment with patients. 

The EORTC protocol 18,991 randomized 1,256 patients 
with stage III melanoma that had been completely resected 
to either observation or treatment with pegylated inter- 
feron alfa for an intended duration of 5 years. Four-year 
relapse-free survival was significantly better in the inter- 
feron group compared to the observation group (45.6% 
vs. 38.9%), but there was no significant effect of pegylated 
interferon on overall survival (123). Of note, a recent study 
(124) demonstrated that the appearance of autoantibodies 
or clinical manifestations of autoimmunity (i.e., vitiligo) 
during treatment with interferon alfa-2b is associated with 
statistically significant improvements in relapse-free sur- 
vival and overall survival, though this has been disputed 
by others (125). 

Low-dose and intermediate-dose trials of interferon 
alfa (EORTC 18952 and AIM HIGH Study) did not show 
improvement in progression-free or overall survival 
(126,127). Currently, when interferon is recommended as 
adjuvant therapy, only the high-dose regimens are recom- 
mended. 

Recently, the Hellenic Cooperative Oncology Group 
reported on a prospective randomized study of 4 weeks of 
high-dose induction interferon (15 MU/m/?/d) versus the 
same induction regimen followed by 11 months of lower 
dose interferon (10 MU/m/?/d three times a week) (128). 
They found no difference in relapse-free survival (24.1 vs. 
27.9 months [P = 0.9]) and median overall survival (64.4 
vs. 65.3 months [P = 0.49]) (128). There were more side 
effects in the group with prolonged therapy. These find- 
ings were encouraging that a shorter treatment might be 
equally efficacious; however, subsequently, the Eastern 
Cooperative Oncology Group (ECOG) trial 1697: Phase HI 
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Randomized Study of Four Weeks High Dose IFN-A2B in 
Stage T2B NO, T3A-B NO, T4A-B NO, and T1-4, N1A, 2A 
(microscopic) melanoma compared 1 month of high-dose 
interferon to observation. This study was halted in October 
of 2010 after the third interim analysis because there was 
no evidence of benefit in the interferon treatment group 
and no meaningful possibility that the study would show 
a benefit. These results have not been published yet, but 
based on the limited information that is publicly available, 
only treating with 1 month of interferon is not advisable. 
The NCCN guidelines recommend consideration of the 
use of high-dose interferon alfa for treatment of patients 
with stage IIB (2.01 to 4 mm thick with ulceration or greater 
than 4 mm thick without ulceration), IIC (greater than 4.0 
mm thick with ulceration), II (lymph node, in-transit, or 
satellite metastases), or IV (distant metastatic) disease. 


Tumor Vaccines 


Tumor vaccines are another widely studied strategy for sys- 
temic adjuvant therapy of the high-risk melanoma patient, 
and a variety of different immunization approaches have 
been used. These studies are predicated on several clinical 
observations and lines of basic investigation that indicate 
that the immune system can eradicate melanoma cells and 
that immune stimulation can overcome immune tolerance 
to tumor antigens to enhance the immune surveillance of 
tumor cells. Although a comprehensive review of available 
vaccine strategies is beyond the scope of this chapter, some 
of the more encouraging studies are discussed. 

Ganglioside GM2, an antigen overexpressed by many 
melanoma cells, given in combination with Bacille Calmette- 
Guérin (BCG) or other immune adjuvants, was developed 
by Dr. Alan Haughton and colleagues at Memorial Sloan- 
Kettering Cancer Center. Initial clinical trials suggested prom- 
ising results (129); however, further studies failed to show 
clinical benefit of this adjuvant treatment. Kirkwood et al. 
(130) reported their experience comparing high-dose inter- 
feron alfa-2b and GM-2 ganglioside vaccine for patients with 
resected melanoma, demonstrating superior performance of 
interferon. Additionally, a randomized Phase III trial (EORTC 
18961) of adjuvant GM2-KLH21 in 1,314 patients with stage 
II melanoma was closed early by the data monitoring com- 
mittee because of inferior survival in the vaccine arm (131). 

Investigators at the John Wayne Cancer Center developed 
a polyvalent melanoma cell vaccine capable of inducing 
humoral- and cell-mediated immune responses to mela- 
noma-specific antigens (132,133). Dr. Steven Rosenberg and 
coinvestigators at the surgery branch of the National Cancer 
Institute have identified other cancer vaccines by using spe- 
cific peptide antigens recognized by autologous tumor-spe- 
cific T-cell clone reactivity (134). These peptide vaccines are 
most often administered with cytokine or cellular immune 
adjuvants such as dendritic cells. DiFronzo et al. (135) dem- 
onstrated that enhanced humoral responses in patients 
treated with polyvalent vaccines resulted in limited but 
improved disease-free survival. Schwartzentruber et al. (136) 


showed increased survival of 17.8 months compared to 11.1 
months in treatment with a vaccine (gp 100:209-217(210M)) 
and interleukin-2 (IL-2) as compared to IL-2 alone. It is dif- 
ficult to advocate any of the current vaccine strategies over 
another. Therefore, we recommend that patients with high- 
risk melanoma be enrolled into prospective trials to test 
these adjuvant therapeutic strategies. 


Interleukin-2 


Interleukin-2 (IL-2) was approved by the Food and Drug 
administration (FDA) for treatment of metastatic melanoma 
in 1998. High-dose intravenous bolus IL-2 treatment resulted 
in overall objective response rates of about 17% (137). Ina 
highly selected patient population (n = 270), IL-2 was able 
to induce durable complete responses (median response 
duration over 59 months) in approximately 6% of patients 
and partial responses in 10% of patients with metastatic 
melanoma, albeit with high levels of toxicity (138,139). A 
recent study demonstrated increased response rate in meta- 
static melanoma when IL-2 was given with the 210M peptide 
vaccine (22%) compared to IL-2 (13%) alone (140). 


Ipilimumab 


Despite many preclinical and clinical studies evaluating 
multiple cytokines, vaccines, antibodies, and other types of 
immune modulation, alone or in combination with che- 
motherapy, only IL-2 for metastatic disease and interferon 
alfa for surgical adjuvant treatment have demonstrated suf- 
ficient success to warrant approval by regulatory authorities 
(138,141). Nevertheless, there has been continued opti- 
mism that immune modulation can become an effective 
treatment for patients with melanoma driven largely by key 
advances in tumor immunobiology, including the potential 
to manipulate and disrupt immune activation checkpoints 
and tumor defense mechanisms; newer approaches to anti- 
gen presentation for immune activation; refinements to 
procedures for antigen-specific T-cell expansion; gene trans- 
fer to alter lymphocyte specificity and function; and the 
potential for discovery of improved predictive biomarkers 
to select patients for individual treatments (142). 

Along these lines, Hodi et al. induced antitumor 
immunity in patients with metastatic melanoma using 
ipilimumab, an antibody directed against the cytotoxic 
T-lymphocyte-associated antigen CILA-4 (143). CTLA-4 
is an immune checkpoint molecule that downregulates 
T-cell activation, and blocking this molecule is known to 
promote antitumor immunity (143). In their multicenter 
clinical trial, patients with metastatic melanoma were ran- 
domly assigned to receive either an anti-CTLA-4 agent 
(ipilimumab), a vaccine based on a melanoma antigen, or 
a combination of the anti-CTLA-4 agent and the vaccine. 
An improvement in overall survival, as well as an improve- 
ment in progression-free survival and best overall response 
rate, was seen in the patients who received anti-CTLA-4 
therapy, as compared with the patients who received the 
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vaccine only (143). Of note, the side effect profile of ipi- 
limumab deserves mention, as 60% of patients suffered 
adverse events, mostly immune related. However, this ran- 
domized, controlled trial showed that there was a signifi- 
cant improvement in overall survival among melanoma 
patients treated with ipilimumab. Robert et al. (144) 
showed improved survival of 20.8% from 12.2% at 3 years 
for patients treated with ipilimumab plus dacarbazine ver- 
sus dacarbazine alone. Based on these trials, ipilimumab 
is a preferred therapy option for advanced or metastatic 
melanoma in the NCCN guidelines. 


Chemotherapeutic Agents 


Chemotherapy regimens using single-agent dacarbazine 
(DTIC) or combinations such as bis(2-chloroethyl)nitro- 
sourea (BCNU), cisplatin, lomustine, and hydroxyurea have 
been reported. The trials comparing DTIC alone or in com- 
bination with other agents have shown a significant though 
brief improvement in survival (145). Unfortunately, there 
is little consensus regarding a standardized chemothera- 
peutic regimen for metastatic melanoma. According to the 
NCCN, dacarbazine remains a standard of care in commu- 
nity practice and has been used as a standard for compar- 
ing the efficacy of new regimens (61,146). Dacarbazine and 
temozolomide have been shown to have similar response 
rates (~10% to 20%) and survival (147); median response 
duration with these drugs is 3 to 4 months (145,147). 
Temozolomide can cross the “blood-brain barrier,” making 
it an attractive agent for treating melanoma, which has a 
propensity for metastasis to the brain. 

Combination chemotherapy regimens such as CVD 
(dacarbazine plus cisplatin and vinblastine) or the 
Dartmouth regimen (dacarbazine, carmustine, cisplatin, 
and tamoxifen) initially reported higher response rates 
(148,149), but subsequent clinical trials have not replicated 
these high response rates (150). Paclitaxel alone or in com- 
bination with carboplatin may provide clinical benefit to 
some patients with metastatic melanoma; however, the dura- 
tion of clinical benefit is short (2 to 7 months) (151,152). 


Molecularly Targeted Therapy of Melanoma 

Recent groundbreaking work has been reported on molecu- 
larly targeted chemotherapy in melanoma. In 2002, it was 
demonstrated that approximately 50% of human melano- 
mas harbor an activating mutation in BRAE in which glu- 
tamic acid is substituted for valine (the VGOOE mutation) 
(153). BRAF is an upstream component of the growth-pro- 
moting mitogen-activated protein (MAP) kinase pathway. 
It has been established that melanoma cells containing 
mutant BRAF are dependent on MAP kinase signaling for 
their growth and survival (154). These findings suggested 
the possibility that melanoma may be amenable to targeted 
therapy. Initial studies performed with sorafenib, a multiki- 
nase anti-BRAF agent, were disappointing showing no dif- 
ference between standard chemotherapy and the addition 
of sorafenib (155,156). However, vemurafenib (PLX4032 
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Plexxikon; RG7204, Roche Pharmaceuticals), a potent inhib- 
itor of BRAF with the V600E mutation, has been shown to 
be remarkably successful therapeutic option in properly 
selected patients (157). Eighty-one percent of patients with 
metastatic melanomas harboring the activating mutation in 
BRAF (VGOOE) had a response—complete or partial tumor 
regression—to treatment with vemurafenib in a multicenter, 
phase 1 and 2, dose escalation trial. Responses were observed 
at all sites of disease, including bone, liver, and small bowel. 

A phase 3 randomized clinical trial comparing vemu- 
rafenib with dacarbazine in 675 patients with previously 
untreated, metastatic melanoma with the BRAF VGO0E 
mutation showed improved 6 month survival of 84% ver- 
sus 64% in the vemurafenib versus the dacarbazine group 
(158). Response rates were 48% for vemurafenib and 5% 
for dacarbazine (158). Endpoints for improved survival 
with vemurafenib were met at the interim analysis and 
patients were recommended to crossover from dacarbazine 
to vemurafenib. 

It seems clear that melanomas can be categorized by spe- 
cific molecular changes that drive their proliferation (159); 
targeting the activated pathways in individual tumors may 
lead to tumor regression and possible cure. This type of 
personalized cancer therapy will likely play a prominent 
role in the care of patients with melanoma and other can- 
cers in the coming decade. 


Biochemotherapy 


Another approach to systemic treatment of melanoma 
includes the use of biochemotherapy in which conven- 
tional chemotherapeutic drugs are combined with the 
biologically active agents interferon alfa and IL-2. In 
single institutional phase II trials, biochemotherapy (cis- 
platin, vinblastine, dacarbazine, interferon alfa, and IL-2) 
produced an overall response rate of 27% to 64% anda 
complete response rate of 15% to 21% in patients with 
metastatic melanoma (160-162). A report of a small phase 
lll randomized trial comparing sequential biochemo- 
therapy (dacarbazine, cisplatin, vinblastine with IL-2, and 
interferon alfa administered on a distinct schedule) with 
combined cisplatin, vinblastine, and dacarbazine (CVD) 
showed response rates of 48% for the biochemotherapy 
regimen compared to 25% for CVD alone; median survival 
for patients treated with biochemotherapy was 11.9 versus 
9.2 months for CVD (163). In a phase III randomized inter- 
group trial (E3695), biochemotherapy (cisplatin, vinblas- 
tine, dacarbazine, IL-2, and interferon alfa-2b) produced 
a slightly higher response rate and progression-free sur- 
vival than CVD alone, but it was not associated with either 
improved quality of response or overall survival in patients 
with metastatic melanoma (164). Biochemotherapy was 
substantially more toxic than CVD. Additional attempts 
to decrease toxicity of biochemotherapy by administering 
subcutaneous outpatient IL-2 did not show a substantial 
benefit of biochemotherapy versus chemotherapy alone 
(165-167). Notably, a recent meta-analysis demonstrated 
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that although biochemotherapy seemed to improve overall 
response rates, there was no survival benefit for patients 
with metastatic melanoma (168). Some current studies are 
focused on the use of IL-2 given with melanoma peptide 
antigens or melanoma-specific in vitro expanded autolo- 
gous tumor-infiltrating lymphocytes. A combination of 
systemic therapies such as interferon alfa, IL-2, cisplatin, 
dacarbazine, and tamoxifen also has been reported to have 
activity in patients with metastatic disease (169). 

Nevertheless, given the overall poor performance of agents 
in this cohort of patients, continued basic and translational 
research is warranted to identify active agents for these unfor- 
tunate patients. Preemptive strategies are also being devel- 
oped. Because a majority of patients with CMM have some 
identifiable risk factor (ie, sun exposure), chemopreven- 
tion using carotenoids and inhibitors of cyclooxygenase-2 
(COX-2), vascular endothelial growth factor (VEGF) receptor, 
and cytochrome P-450 is actively being investigated (170). 
Outcomes of this work are much anticipated. 


SURVEILLANCE 


With the rapidly increasing rate of melanoma worldwide, 
the importance of surveillance of even benign-appearing 
lesions is understood. The importance of dermatologic 
evaluation, photo documentation, and close follow-up can- 
not be overstated. In patients with a diagnosed malignant 
melanoma, between 55% and 70% of recurrences appear 
within the first 2 years of therapy, and up to 80% of recur- 
rences will be diagnosed in the first 3 years after treatment. 
Those with regional metastasis at presentation may have 
clinically evident tumor recurrences within 24 months. 
The time to recurrence also correlates with primary tumor 
thickness, ulceration, and increasing patient age. Screening 


Figure 114.7 Surveillance recommen- 
dations (Adapted from NCCN). 


is typically by physical examination, liver-function serol- 
ogy, and chest x-ray, which will detect most of these recur- 
rences; therefore, routine screening with CT of the head, 
chest, and abdomen is not recommended. In general, the 
use of chest x-rays and liver serology is known to have an 
extremely low yield (171). The utility of PET or PET-CT 
imaging for the surveillance of affected patients is still 
under investigation. Additionally, the prospect of using 
specific serum screening tools such as tyrosinase mRNA 
detected by RT-PCR is both clinically exciting and ethically 
challenging (172). 

The National Cancer Institute reported a consensus 
statement on the follow-up evaluation of patients with 
early melanoma. Most patients without a family history 
and no atypical nevi should have follow-up evaluations 
every 6 months for the first 2 years. 

Thereafter, yearly follow-up is appropriate. Those with 
a family history or atypical nevi are followed up every 
3 months. The recommended surveillance for patients 
without any evidence of disease after treatment for CMM is 
shown in Figure 114.7 (173). 


CONCLUSION 


The incidence and mortality rate of CMM are rapidly 
increasing worldwide. Features of the history and physical 
examination that are suggestive of malignant melanoma 
include changes in size or color, sensation of the lesion, 
and variations in color and margin, and thickness. The 
presence of ulceration also is quite important. When a 
suggestive lesion is encountered, excisional biopsy is rec- 
ommended, and should include subcutaneous fat for com- 
plete evaluation of lesion depth. Biopsy techniques that 
do not evaluate depth, such as fine-needle aspiration and 
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curettage, have no role in evaluation in suspected mela- 
noma. Once invasive melanoma is diagnosed, histologic 
type is assessed, and lesion thickness is established. Tumor 
thickness (Breslow), level of invasion (Clark), presence 
of ulceration and microscopic satellitosis, and number of 
mitoses are prognostically important and aid the clinician 
in the decision to perform SLNB. Staging in relation to the 
presence of regional and distant metastasis is established 
by physical examination, liver function serology, and chest 
radiograph in stage I and II disease. Additionally, imaging 
of the brain, head, neck, chest, and abdomen is recom- 
mended for patients with stage HI and IV disease. 

Lymphoscintigraphy with SLNB provides an adjunctive 
method of identifying SLNs and defining routes of lymphatic 
spread, especially in patients with primary tumors located 
in the midline that have predicted drainage basins that are 
ambiguous or include both parotid glands. After staging, a 
treatment strategy is formulated. For melanomas less than 
0.75 mm in thickness and with no evidence of regional 
metastasis, surgical excision is carried out with close surveil- 
lance thereafter. Current recommendations for adequate 
resection margins, dependent on anatomic constraints, range 
from 0.5 to 2 cm, depending on the thickness of the pri- 
mary lesion. For patients with lesions more than 0.75 mm 
thick without regional metastasis, excision is offered, along 
with SLNB. Once SLNB is performed, serial sectioning of the 
lymph node(s) with immunohistochemical evaluation is car- 
ried out on histologically negative SLNs to increase the sensi- 
tivity of pathologic identification of metastases. 

In patients with regional lymph nodes that are found to 
be pathologically positive, therapeutic lymphadenectomy 
and/or radiotherapy is offered. 

Patients with clinically positive lymph nodes should 
undergo excision of the primary lesion and a therapeutic 
neck dissection that may be modified to preserve neuro- 
vascular structures. Parotidectomy is performed if parotid 
lymph nodes are included in nodal drainage basins. These 
patients also should be evaluated for systemic therapy, as 
should those who have or develop distant metastasis. The 
use of systemic therapy includes chemotherapy, bioimmu- 
notherapy, vaccination, and more recently, molecularly tar- 
geted therapy, all of which can be used to treat metastatic 
disease or in the adjuvant setting for patients without evi- 
dence of disease who are at high risk for systemic failure. 
The importance of treating these patients within the con- 
fines of thoughtfully designed, prospective clinical trials 
cannot be overemphasized. 

The number of patients affected with melanoma is 
increasing. However, survival rates are improving because 
of early-detection programs and heightened awareness 
of the general population. It is hoped that this height- 
ened awareness, coupled with progress made in improved 
pathologic description and staging and the use of systemic 
therapies, including immune modulation and molecularly 
targeted therapy, will result in continued improvement in 
our ability to cure patients with this disease. 


m= Melanoma is divided into four distinct dinicopath- 
ologic subtypes: LMM, superficial spreading, nodu- 
lar, and acral lentiginous melanoma. Desmoplastic 
melanomas are a fifth, less common subtype of 
melanoma that are characterized by perineural inva- 
sion, high local recurrence rates, and low rates of 
lymph node metastases. 

m Histologic evaluation must include the following: 
Breslow depth/thickness, presence or absence of 
ulceration, and mitotic rate. Clark level may have 
clinical utility in the evaluation and treatment of 
patients with thin melanomas. 

m Staging of melanoma includes the presence of sat- 
ellite lesions, in-transit disease, the number (rather 
than the size of) involved lymph nodes, and distant 
metastases. 

m Recommended excision margins for melanoma 
are dictated by Breslow depth. In situ melanoma 
requires a 0.5-cm margin of normal skin, lesions 
less than or equal to 1 mm in depth require a 1-cm 
margin, lesions 1.01 to 2.0 mm in depth require a 
1- to 2-cm margin depending upon surrounding 
structures, and lesions greater than 2.01 mm in 
depth require a 2-cm margin. 

m= SLNB is considered or offered to patients with mela- 
nomas greater than 0.75 mm in thickness. The like- 
lihood of a positive sentinel lymph node increases 
with the depth of the primary melanoma: T1 lesions 
have a 3% to 5% risk of SLN positivity; T2, 8% to 
12%; T3, 23% to 27%; and T4, 24% to 44%. 

= For patients with thin, nonulcerated primary tumors 
without evidence of regional or distant spread on 
physical examination (stages I and II), chest radio- 
graph and liver function tests compose the recom- 
mended workup. For patients with regional or 
systemic metastases or both, a comprehensive stag- 
ing workup should include MRI of the brain and 
contrast-enhanced CT of the neck, chest, abdomen, 
and pelvis. PET imaging has been used to aid in 
detecting regional and distant metastasis. 

m= Adjuvant radiation therapy should be considered 
for patients with desmoplastic melanoma with 
Narrow margins, recurrent disease, extensive neu- 
rotropism, gross nodal extracapsular extension, =2 
lymph nodes, =2 cm of tumor in a lymph node, or 
unresectable nodal, satellite or in-transit disease. 

m Patients with high-risk primary tumors, regional 
metastasis, or distant metastases should be evalu- 
ated for systemic adjuvant therapies. Interferon alfa, 
ipilimumab, vemurafenib and high-dose IL-2 are 
effective in this setting. 
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Salivary Gland Neoplasms 


Young S. Oh 


Neoplasms of the salivary glands represent a diverse group 
of benign and malignant tumors with varying degrees of 
behavior. Accurate pathologic diagnosis is key to the man- 
agement of these lesions because of their varied clinical 
behaviors. The otolaryngologist-head and neck surgeon 
must understand the behavior of each tumor type to 
develop an appropriate treatment plan for a given patient. 


Salivary glands are divided into major and minor glands. 
The major salivary glands consist of the paired parotid, 
submandibular, and sublingual glands. The minor salivary 
glands consist of G00 to 1,000 glands distributed through- 
out the upper aerodigestive tract. The World Health 
Organization histologic classification scheme for salivary 
gland tumors is presented in Table 115.1. 

The incidence rate for salivary gland neoplasms is near 
1/100,000 with little variance over the last several decades. 
Approximately 70% of salivary gland tumors originate in 
the parotid gland. Of parotid gland tumors, approximately 
75% to 80% are benign. About 10% of salivary gland 
tumors arise from the submandibular gland with the dis- 
tribution of benign and malignant tumors being similar to 
the parotid gland. Finally, approximately 20% arise from 
the minor salivary glands, and a higher proportion (50% 
to 75%) of these neoplasms are malignant (1). 

In adults, the vast majority of salivary gland tumors are 
benign. Malignancies make up 5% of all head and neck can- 
cers and less than 0.5% of all cancers (2). The most com- 
mon benign tumor for all salivary glands is the pleomorphic 
adenoma. Tables 115.2 to 115.4 list series in the literature 
detailing the distribution of neoplasms of the parotid, sub- 
mandibular, and minor salivary glands, respectively (3-5). 

Salivary gland tumors are far less common in the pedi- 
atric population. Only about 5% of all epithelial salivary 
gland tumors will occur in children and adolescents. Unlike 
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adults, benign vascular and lymphatic tumors are the most 
common pediatric salivary gland masses (6). Infectious, 
inflammatory, and congenital conditions should also be 
considered in the differential diagnosis of pediatric salivary 
gland lesions. The majority of epithelial neoplasms in chil- 
dren are malignant (Tables 115.5 and 115.6) (7). 


Pleomorphic Adenoma 


Pleomorphic adenoma (benign mixed tumor) accounts 
for approximately 65% of all salivary gland tumors. These 
tumors are most often found in the parotid gland, fol- 
lowed by the submandibular gland, and the minor salivary 
glands. They also represent the most common tumor of 
each type of salivary gland. 

Benign mixed tumor describes the mesenchymal and 
epithelial components of the tumor. The gross appear- 
ance is smooth and lobular with a well-defined capsule. 
Microscopically, the tumor consists of epithelial and mes- 
enchymal elements. The epithelial component forms a tra- 
becular pattern with a mesenchymal stroma (Fig. 115.1). 
The mesenchymal portion may be myxoid, chondroid, 
fibroid, or osteoid. The stroma varies from tumor to tumor 
and may have a combination of any of these tissue types 
within it. Histologically, encapsulation may be incomplete 
with pseudopod extensions of the tumor (8). 

Historically, unacceptably high recurrence rates of 20% 
to 45% have been observed with simple tumor enucleation. 
Thus, complete surgical resection with an adequate margin 
of normal tissue is advocated. In the past, for the parotid 
gland, this constituted a complete superficial parotidectomy. 
Although this technique is highly effective, there can be 
some unwanted sequelae such as temporary or permanent 
facial nerve injury, cosmetic soft tissue defects, or Frey syn- 
drome. Presently, tumor resection by partial parotidectomy 
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Malignant epithelial tumors 

Acinic cell carcinoma 
Mucoepidermoid carcinoma 
Adenoid cystic carcinoma 

PLGA 

Epithelial-Myoepithelial carcinoma 
Clear cell carcinoma, NOS 

Basal cell adenocarcinoma 
Sebaceous carcinoma 
Cystadenocarcinoma 

Low-grade cribriform cystadenocarcinoma 
Mucinous adenocarcinoma 
Oncocytic carcinoma 

Salivary duct carcinoma 
Adenocarcinoma NOS 

Myoepithelial carcinoma 

Carcinoma ex pleomorphic adenoma 
Carcinosarcoma 

Metastasizing pleomorphic adenoma 
Squamous cell carcinoma 

Small cell carcinoma 

Large cell carcinoma 

LEC 

Sialoblastoma 


Benign epithelial tumors 
Pleomorphic adenoma 
Myoepithelioma 

Basal cell adenoma 
Warthin tumor 


Oncocytoma 
Canalicular adenoma 
Sebaceous adenoma 
Lymphadenoma 
Sebaceous 
Nonsebaceous 
Ductal Papillomas 
Inverted ductal papilloma 
Intraductal papilloma 
Sialadenoma papilliferum 
Cystadenoma 


Soft tissue tumors 

Hemangioma 

Hematolymphoid tumors 

Hodgkin lymphoma 

Diffuse large B-cell lymphoma 

Extranodal marginal zone B-cell lymphoma 


Secondary tumors 


LEC, Lymphoepithelial carcinoma; NOS, Not otherwise specified. 
From Barnes L, Eveson JW, Reichart P, et al., eds. World Health Organization Classification of Tumors. 
Pathology and Genetics of Head and Neck Tumours. Lyon, France: IARC Press, 2005, with permission. 


with facial nerve preservation is advocated. This procedure 
is defined as any parotidectomy in which less than the 
entire lobe or less than all the branches of the facial nerve 
are dissected. Lower rates of facial nerve weakness and Frey 
syndrome are observed with this approach (9). 


Histologic Type Parotid Gland N (%) 
Pleomorphic adenoma 256 (66.8) 
Warthin tumor 87 (22.8) 
Other 40 (10.4) 
Total benign 383 (100) 
Mucoepidermoid carcinoma 41 (32.5) 
Adenoid cystic carcinoma 20 (15.9) 
Ca ex pleomorphic adenoma 17 (13.5) 
Acinic cell carcinoma 13 (10.3) 
Adenocarcinoma NOS 6 (4.7) 
Basal cell adenocarcinoma 5 (3.9) 
Clear cell adenocarcinoma 4 (3.2) 
Myoepithelial carcinoma 3 (2.4) 
Salivary duct carcinoma 3 (2.4) 
Other malignant 14 (11.2) 
Total malignant 126 (100) 


From Luksic |, Virag M, Manojlovic S, et al. Salivary gland tumors: 25 years 
of experience from a single institution in Croatia. J Craniomaxillofac Surg 
2011; 40(3):e75-e81. doi:10.1016/j.jcms.2011.05.002. 


Rarely, pleomorphic adenoma can metastasize and yet 
remain benign appearing histologically. Reported sites of 
metastases include bone, head and neck regions, lungs, 
and skin. When feasible, surgical resection of the meta- 
static site is the optimal treatment. Incomplete excision or 


Histologic Type Submandibular Gland N (%) 
Pleomorphic adenoma 479 (97.8) 
Other 11 (2.2) 
Total benign 490 (100) 
Adenoid cystic carcinoma 74 (43) 
Mucoepidermoid carcinoma 28 (16) 
Ca ex pleomorphic adenoma 27 (16) 
Acinic cell carcinoma 7 (4) 
Adenocarcinoma NOS 6 (3.5) 
LEC 12 (7) 
Myoepithelial carcinoma 6 (3.5) 
Other malignant 12 (7) 
Total malignant 172 (100) 


From Zian T, Li L, Wang L, et al. Salivary gland neoplasms in oral and 
maxillofacial regions: a 23-year retrospective study of 6982 cases in an 
eastern Chinese population. Int J Oral Maxillofac Surg 2010;39:235-242. 
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TABLE 


115.4 


Tumor Type Incidence (%) 
Pleomorphic adenoma 22.16 
Basal cell adenoma 1.08 
Cystadenoma 0.54 
Myoepithelioma 0.54 
Oncocytoma 0.54 
Other benign 0.54 
Total benign 25.4 
Mucoepidermoid carcinoma 34.05 
Adenoid cystic carcinoma 14.59 
PLGA 9.73 
Adenocarcinoma not specified 7.57 
Basal cell adenocarcinoma 4.86 
Clear cell carcinoma 1.08 
Salivary duct carcinoma 1.08 
Carcinoma ex pleomorphic adenoma 0.54 
Mucinous adenocarcinoma 0.54 
Sebaceous carcinoma 0.54 
Total malignant 74.6 


PLGA, Polymorphous low-grade adenocarcinoma. 

From Vani NV, Ponniah |. The frequency and distribution pattern of 
minor salivary gland tumors in a government dental teaching hospital, 
Chennai, India. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 
2011;111:e33. 


rupture of the primary is thought to be a risk factor for the 
development of distant metastases (10,11). 


Warthin Tumor 


Warthin tumor (papillary cystadenoma lymphomato- 
sum) is the second most common benign salivary gland 
neoplasm constituting 5% to 6% of all benign tumors. 
The majority of Warthin tumors occur in the parotid 
gland. However, extraparotid sites can be involved as 


Tumor Type Number of Patients 
Hemangioma 191 
Pleomorphic adenoma 182 
Lymphangioma 48 
Neurogenic 11 
Embryoma 5 
Lymphoepithelial lesion 3 
Cystadenoma 3 
Warthin tumor 3 
Other 9 
Total patients 668 
Total benign 68% 


From Luna MA, Batsakis JG, El-Naggar AK. Salivary gland tumors in 


children. Ann Otol Rhinol Laryngol 1991;100:869-871, with permission. 


TABLE 

115.6 
Histologic Type N (%) 
Mucoepidermoid carcinoma 47 (42) 
Acinic cell carcinoma 38 (34) 
Rhabdomyosarcoma 8 (7) 
Lymphoma/Hodgkin’s 9 (8) 
Adenocarcinoma 4 (4) 
Adenoid cystic carcinoma 2 (2) 


Other malignant 5 (4) 
Total malignant 113 (100) 


From Shapiro N, Bhattacharyya N. Clinical characteristics and survival 
for major salivary gland malignancies in children. Otolaryngol Head 
Neck Surg 2006;134:631-634. 


well, typically in the cervical lymph nodes (12). Smoking 
is a clear etiologic factor for this tumor. Classically, this 
is a tumor that occurs more commonly in men, but the 
incidence has increased in women. This is thought to be 
due to the increased relative rate of smoking in women. 
Rates of multicentricity for this tumor has been reported 
from 12% to 50% depending on the series (Fig. 115.2). 
Bilateral tumor can be seen in up to 12% of patients 
(13,14). 

The gross appearance of the tumor is smooth with a 
well-defined capsule. Cut sections reveal multiple cystic 
spaces that can be filled with a thick, mucinous exudate. 
Microscopically, Warthin tumor has a characteristic appear- 
ance with a papillary epithelium with a lymphoid stroma 
projecting into cystic spaces (Fig. 115.3). The epithelium is 
a double layer of oxyphilic granular cells, with cells of the 
inner layer having the nuclei oriented toward the basement 
membrane. The cells in the outer layer have nuclei toward 
the cystic space. 

Complete surgical excision is recommended. Tumor 
“recurrences” are thought to result from unrecognized 
multicentric tumors (13). 


Figure 115.1 Pleomorphic adenoma. The histologic appearance 
shows characteristic epithelial and mesenchymal elements. 
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A: Axial contrast-enhanced CT shows a sharply marginated, heterogeneous attenu- 
ation lesion in the superficial lobe of the right parotid gland. B: Axial contrast-enhanced CT dem- 
onstrates a well-circumscribed enhancing mass, medial to the sternocleidomastoid muscle, which 
displaces the right thyroid cartilage anteriorly and laterally. This lesion proved to be an additional 
focus of Warthin tumor. 


Oncocytoma These tumors are noncystic, firm, and rubbery. 
Microscopically, these neoplasms are composed of brown, 
plump, granular eosinophilic cells with small indented 
nuclei (Fig. 115.4). A mitochondria-filled cystoplasm is a 
characteristic finding on electron microscopy. Malignant 
degeneration is rare. A possible explanation for these 
tumors is an acquired genetic defect leading to mitochon- 
drial dysfunction; however, an exact molecular mechanism 
has not been established (17). Immunohistochemical 
studies have found that oncocytoma demonstrated posi- 
tive reactivity to CK5/6, CK8/18, CK19, and EMA. It was 
negative to S100 and SMA (16). 


Oncocytoma is an uncommon salivary gland tumor that 
accounts for about 1% of all salivary gland neoplasms (15). 
It occurs almost exclusively in the parotid gland. This tumor 
occurs most frequently in the fifth and sixth decades of 
life and with equal distribution between men and women 
(16). Oncocytoma usually presents as a painless mass in 
the superficial lobe of the parotid gland. 
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Warthin tumor. Lymphoid stroma and double-lay- Oncocytoma. The histologic appearance is that of 
ered epithelium surround the cystic spaces. typical plump, granular eosinophilic cells. 
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Complete tumor resection is the treatment of choice for 
oncocytoma. 


Basal Cell Adenoma 


Basal cell adenoma represents about 2% to 3% of all salivary 
gland tumors. It usually occurs in the sixth to seventh decades 
of life, and it occurs most often in the parotid gland. The 
remainder are divided between the submandibular and the 
minor salivary glands. It affects more women than men (18). 

These tumors are well circumscribed and encapsulated. 
The membranous histologic variant can be multinodular. 
Microscopically, it can demonstrate four different histologic 
patterns. The solid pattern consists of sheets of basaloid 
cells. The tubular pattern consists of small ductules linked 
by the basaloid cells. The trabecular pattern has plexiform 
bands of the tumor cells. Finally, the membranous pattern 
consists of differing sizes of islands of basaloid cells. The 
membranous pattern can show multicentric tumor pat- 
terns and has a higher rate of recurrence after surgery (18). 

Basal cell adenoma is considered a benign, nonaggres- 
sive tumor. Treatment consists of complete surgical resec- 
tion with a margin of normal tissue. 


MALIGNANT NEOPLASMS 


Mucoepidermoid Carcinoma 


Mucoepidermoid carcinoma is the most common malignant 
neoplasm of the salivary glands. It presents most frequently 
in the parotid gland, for which it is the most common 
malignant tumor. It is the second most common malignant 
tumor of the submandibular gland. Mucoepidermoid carci- 
noma constitutes approximately 30% to 35% of all malig- 
nant tumors of the salivary glands (19,20). This is a cancer 
that usually occurs between the third and sixth decades of 
life with a slight predominance in women. 

Mucoepidermoid carcinomas are usually classified as 
low-grade or high-grade tumors. However, some patholo- 
gists also include an intermediate grade. Low-grade tumors 
have a higher proportion of mucous cells to epidermoid 
cells. These lesions behave more like benign neoplasms but 
in rare cases are capable of local invasion and metastasis. 
High-grade tumors have a higher proportion of epidermoid 
cells and may be difficult to differentiate from squamous 
cell carcinoma. High-grade lesions are aggressive tumors 
with a high propensity for metastasis. Intermediate-grade 
lesions have been found to behave like high-grade tumors. 
Thus, the grade and stage of these neoplasms are important 
prognostic variables (21). 

Low-grade tumors are usually small and partially encap- 
sulated. High-grade neoplasms are usually larger and locally 
invasive. On cut sections, low-grade mucoepidermoid car- 
cinoma may contain mucinous fluid, whereas high-grade 
tumors are typically solid. Microscopically, low-grade 
mucoepidermoid carcinoma demonstrates aggregates of 


Figure 115.5 Low-grade mucoepidermoid carcinoma. Note the 
epithelial and glandular elements. 


mucoid cells separated by strands of epidermal cells (Fig. 
115.5). High-grade tumors have few mucoid elements, and 
the epidermoid cells predominate (Fig. 115.6). 

The treatment of this cancer depends on the grade and 
stage of the tumor. For small, low-grade cancers, complete 
surgical resection is recommended. Elective treatment of 
the neck is not recommended for in the clinically NO neck 
because of the incidence of occult nodal involvement is 
very low (21). If the surgical margins are clear and there are 
no adverse pathologic features, adjuvant radiation therapy 
is not recommended. Prognosis for this cancer is excellent 
with locoregional recurrence rates of 10% and 5-year over- 
all survival of 97% (22). 

For high-grade tumors, the treatment is tailored to the 
extent of the disease. As in low-grade disease, complete sur- 
gical resection of the primary site is recommended. If the 
tumor involves the parotid gland, the facial nerve is spared, 
if possible. Cervical nodal metastases are managed by a 
comprehensive neck dissection at the time of the resection 
of the primary. Occult metastases rates have been shown 
to be approximately 21%; therefore, an elective neck dis- 
section can be considered in a patient with a clinically NO 


Figure 115.6 High-grade mucoepidermoid carcinoma. Note the 
relative lack of glandular elements. 


neck (22). In most cases of high-grade mucoepidermoid 
carcinoma, adjuvant radiation therapy is recommended to 
improve locoregional control (23). High-grade mucoepi- 
dermoid carcinoma is an aggressive tumor with a poorer 
prognosis than the low-grade variant. Locoregional recur- 
rence has been shown to occur 43.5% of the time with 
3-year disease-free survival reported to be 55% and 5-year 
disease-free survival at 30% (21,24). 


Adenoid Cystic Carcinoma 


Adenoid cystic carcinoma accounts for approximately 10% 
of all salivary gland neoplasms. It is the second most com- 
mon malignancy of the parotid gland but is the most com- 
mon malignancy of the submandibular and minor salivary 
glands (25). Adenoid cystic carcinoma occurs with equal 
frequency in men and women, usually in the fifth decade 
of life. Facial paralysis and pain occur as initial symptoms 
in a small proportion of patients. 

Adenoid cystic carcinoma has a contradictory clinical 
course. The tumor is slow growing, but its clinical course 
is relentless. Multiple local recurrences can occur despite 
adequate surgical intervention, and although regional met- 
astatic spread is uncommon, distant spread, especially to 
the lungs, is common. 

Grossly, the tumor is usually monolobular and either 
nonencapsulated or partially encapsulated. The mass often 
demonstrates infiltration of surrounding normal tissue. 
Microscopically, adenoid cystic carcinoma has a basaloid epi- 
thelium arranged in cylindric formations in an eosinophilic 
hyaline stroma (Fig. 115.7). Different histologic patterns have 
been identified including cribriform, solid, and tubular. The 
solid histologic pattern appears to have a worse prognosis in 
terms of distant metastases and long-term survival (26). 

Perineural invasion is a typical feature of adenoid cystic 
carcinoma. This explains the difficulty in tumor eradica- 
tion despite the appearance of complete tumor removal. 
Complete surgical excision and postoperative radiation 


Figure 115.7 Adenoid cystic carcinoma, showing the character- 
istic histologic appearance with eosinophilic hyaline stroma and 
perineural invasion. 
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therapy is recommended for the management of this tumor 
(27). For select small tumors that are completely excised, 
however, postoperative radiation therapy may not be needed 
(28). 

There is evidence that fast neutron radiotherapy may be 
more effective than conventional photon radiation therapy 
as primary therapy for select adenoid cystic carcinomas 
that are not amenable to surgery (29,30). 

Long-term follow-up is mandatory for these patients 
because of the slow, relentless disease progression. Recurrences 
have been shown to occur at an average of 63 months from 
the time of initial treatment (31). Thus, 5-year survival is not 
adequate to detail the outcomes of this malignancy. Ten-year 
overall survival has been reported to be from 55% to 64%. 
Recurrence rates can be broken down as 42% with distant 
metastases only, 39% with locoregional recurrences only, and 
19% with both locoregional and distant disease (27,31). 

Because of the low incidence of occult metastases, elec- 
tive neck dissection for the NO neck is not usually per- 
formed. However, the presence of nodal metastases at the 
time of diagnosis is an important prognostic factor because 
overall survival is significantly lowered when metastases 
are present (31). 


Acinic Cell Carcinoma 


Acinic cell carcinoma constitutes approximately 17% of 
all salivary gland cancers. Up to 98% of these occur in the 
parotid gland. It affects women more often than men and 
occurs in the fourth to sixth decade of life. The tumor can 
be multicentric in 2% to 5% of cases, and it can involve 
both parotid glands (32,33). 

Grossly, this well-circumscribed tumor often has a fibrous 
capsule. There are two populations of cells: those resem- 
bling serous acinar cells of the salivary gland and those with 
a clear cytoplasm. Tumors occur in several configurations, 
including cystic, papillary, vacuolated, or follicular. There is 
often a lymphoid infiltrate, and cells are characteristically 
positive on periodic acid-Schiff staining (Fig. 115.8). 


Figure 115.8 Acinic cell carcinoma. Note cells similar to serous 
acinar cells and cells with clear cytoplasm. 
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Treatment consists of complete surgical resection with 
adjuvant radiotherapy reserved for indicators of a poor 
prognosis (e.g., facial nerve involvement, neck metastases, 
and skin involvement). Elective treatment of the neck is 
indicated for high-grade cases of acinic cell carcinoma (32). 
Although acinic cell carcinoma is typically categorized as 
an indolent, slow-growing tumor, the average rate of recur- 
rence has been found to be about 35% (32,33). Long term 
follow-up is mandatory because late local recurrences have 
been shown to occur many years after initial treatment. For 
low-grade lesions, 5- and 10-year disease-free survivals have 
been reported to be approximately 91% and 88%, respec- 
tively (34). Five-year overall survival for high-grade acinic 
cell carcinoma is much poorer at 33% (33). 


Adenocarcinoma 


Adenocarcinoma most commonly occurs in the minor sali- 
vary glands followed by the parotid gland. This neoplasm 
represents approximately 12% of malignant parotid neo- 
plasms (35). Adenocarcinomas occur equally in both sexes 
and usually present as a palpable mass. They behave aggres- 
sively with a strong propensity to recur and metastasize. 

Grossly, adenocarcinoma is firm or hard and attached to 
the surrounding tissue. Microscopically, the cylindric cells 
of variable height form papillae, acini, or solid masses. 
Most neoplasms produce mucus, which can be detected by 
mucicarmine stain. Adenocarcinoma can be differentiated 
from mucoepidermoid carcinoma by the lack of keratin 
staining. The degree of glandular formation has been used 
as a means of grading these tumors. 

Complete surgical resection with postoperative radia- 
tion therapy is the recommended treatment for this high- 
grade malignancy. Five- and ten-year overall survivals are 
52% and 36%, respectively (36). 


Polymorphous Low-Grade Adenocarcinoma 


Polymorphous low-grade adenocarcinoma (PLGA) 
occurs almost exclusively in the minor salivary glands. 
The neoplasm most commonly occurs in the palate, buc- 
cal mucosa, and the upper lip. Women are affected more 
commonly than men, and most of these neoplasms occur 
in the sixth decade of life. The typical presentation of this 
tumor is of a long-standing, asymptomatic mass on the 
palate (37). 

Histologically, PLGA demonstrates a variable tumor 
cell differentiation and organization. Mitotic figures 
and necrosis are unusual features. Tumors typically have 
an infiltrative growth pattern with frequent perineu- 
ral invasion. Typical histologic patterns include solid, 
trabecular, glandular, cribriform, fascicular, cord-like, 
and papillary. Because of this, careful pathologic diag- 
nosis is mandatory as this neoplasm can be mistaken 
for pleomorphic adenoma or adenoid cystic carcinoma. 
Immunohistochemical staining has not been helpful in 


differentiating adenoid cystic carcinoma from polymor- 
phous low-grade adenocarcinoma (38). 

Treatment is wide local surgical excision. Cervical 
metastases are very uncommon, so a neck dissection is per- 
formed only for clinically positive nodes. In a recent review 
of the three largest series on PLGA, it was found that local 
recurrences occur anywhere from 10% to 33% of the time. 
These recurrences can occur up to 15 years after treatment. 
Even with recurrences, death from tumor progression is 
rare (39). In general, adjuvant radiotherapy is not recom- 
mended for this cancer (40). 


Carcinoma Ex Pleomorphic Adenoma 


Carcinoma ex pleomorphic adenoma represents a malig- 
nant tumor that has risen from a preexisting or recurrent 
pleomorphic adenoma. The malignant component and 
metastases from this tumor are purely epithelial in ori- 
gin. This malignancy represents 2% to 5% of all salivary 
gland tumors. Rarely, the malignancy can take the form in 
which the tumor contains both mesenchymal and epithe- 
lial components. 

Grossly, the tumors are firm with minimal encapsulation. 
The lesion is widely infiltrative with regions of necrosis 
and hemorrhage. Microscopically, the malignant neoplasm 
arises in a background that is characteristic of a benign 
mixed tumor (Fig. 115.9). Neurovascular invasion and 
necrosis are frequent findings. The malignant portion of 
the tumor can take the form of an adenocarcinoma, sali- 
vary duct carcinoma, adenosquamous carcinoma, undiffer- 
entiated carcinoma, or other malignancy (41). The tumor 
can also be classified as noninvasive (in situ), minimally 
invasive (less than 1.5 mm), or invasive (greater than 1.5 
mm). The majority of these neoplasms are invasive (41,42). 

The diagnosis may be confusing because of the differing 
proportions of benign and malignant elements of the 


Figure 115.9 Carcinoma ex pleomorphic adenoma is seen in a 
preexisting pleomorphic adenoma. 


tumor. Most cases, however, will have predominantly the 
malignant component (41,42). 

Local and distant metastases are common with this 
tumor when compared to other salivary gland malignancies. 
Elective treatment of the neck is recommended because rates 
of occult metastases have been shown to be about 20%. The 
recurrence rate is 32% with most occurring in the first year 
following treatment. Overall survival is 48% at 5 years. 

Nodal status is a major determinant of overall survival. 
In one study, patients who were N+ had 5-year survival 
at 16% compared to 67% of patients who were NO (43). 
Other prognostic factors include pathologic stage, tumor 
size, grade, proportion of cancer, and extent of invasion 
(41). Complete surgical resection with postoperative radia- 
tion therapy is the recommended treatment for this high- 
grade malignancy (43). 


Primary Squamous Cell Carcinoma 


Primary squamous cell carcinoma of the salivary glands 
represents a rare neoplasm that constitutes less than 1% 
of all salivary gland cancers (44). This malignancy occurs 
more often in the submandibular gland than the parotid 
gland. Rarely, this tumor can also occur in the minor 
salivary glands (45). Proper diagnosis of squamous cell 
carcinoma requires exclusion of contiguous spread of a 
squamous cell carcinoma into the gland, metastases to 
the gland, high-grade mucoepidermoid carcinoma, and 
metastatic squamous cell carcinoma from a cutaneous 
primary. 

These tumors usually present as firm indurated masses 
and occur more commonly in men, usually in the seventh 
decade of life. Histologically, these tumors reveal intracel- 
lular keratinization, intercellular bridges, and keratin pearl 
formation. However, they do not produce mucus (45). 
There is a high incidence of regional and distant metas- 
tases. Therapy consists of complete surgical resection and 
postoperative radiation therapy. The prognosis for squa- 
mous cell carcinoma of the salivary gland is fair with 5-year 
disease-free survival at 33% (44). 


Undifferentiated Carcinoma 


Undifferentiated carcinoma is a rare salivary gland malig- 
nancy. These tumors can be further subtyped as small cell 
undifferentiated carcinoma (SCUC), large cell undiffer- 
entiated carcinoma (LCUC), and lymphoepithelial carci- 
noma (LEC). The vast majority of these tumors occur in 
the parotid gland. 

There is a high incidence of these tumors in Southeast 
China and among the Inuit Eskimos of North America 
where the presence of the Epstein-Barr virus (EBV) is more 
widespread. Studies have shown that the LEC subtype 
is strongly associated with EBV whereas the LCUC and 
the SCUC are not. However, even in these endemic geo- 
graphic areas, the incidence of this malignancy is still very 
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uncommon. A recent study from Taiwan reported 16 cases 
of LEC and 12 cases of large cell over nearly 30 years (46). 

Overall survival is excellent for LEC with 5-year survival 
being 85%. However, survival is worse in LCUC with over- 
all 2-year survival being 36%. 


Salivary Duct Carcinoma 


Salivary duct carcinoma is a rare but aggressive malignancy 
of the salivary glands. It affects primarily men in the sev- 
enth decade of life. The majority occur in the parotid gland 
(78%), followed by the submandibular gland, and then 
the minor salivary glands (47). 

The tumor is poorly circumscribed and unencapsulated. 
Cut sections are white-tan and solid, often with cystic areas 
and necrosis. Microscopically, salivary duct carcinoma 
resembles high-grade breast carcinoma. Classic examples 
show Roman bridge structures. Comedonecrosis is often 
seen. The constituent cells have eosinophilic cytoplasm 
and exhibit moderate to marked nuclear pleomorphism 
(Fig. 115.10). 

In a recent series, cervical metastases were present in 
56% of patients at the time of initial diagnosis. Local recur- 
rence occurred in 48% of patients with an average time to 
recurrence being 17.4 months. Distant metastases occurred 
also in 48% of patients with an average time of onset being 
29 months after initial treatment. The average time of sur- 
vival was found to be about 56 months (47). 

Immunohistochemical studies reveal a similarity of this 
cancer and infiltrating ductal carcinoma. Approximately 
20% of these tumors are strongly positive for HER2/neu. 
Having HER2/neu positivity is associated with a poorer 
prognosis with 5-year survival of 0% for strongly positive 
tumors compared to 11% for weakly positive cancers (47). 
Recommended treatment is wide surgical resection with 
ipsilateral neck dissection followed by adjuvant radiother- 
apy. Preliminary findings on the use of trastuzumab as a 


Figure 115.10 Salivary duct carcinoma. The tumor has cribri- 
form architecture with mucin in small glandular spaces. Upper left 
hand portion of the image shows tumor wrapping around a nerve. 


1768 Section VII: Head and Neck Surgery 


palliative chemotherapeutic agent has been reported in the 
case of recurrent salivary duct carcinoma (48). 


Sarcoma 


Sarcomas arising in the parotid gland are rare (49). These 
aggressive malignancies occur more commonly in men than 
in women and usually present as an enlarging, yet painless 
mass. Rhabdomyosarcoma and fibrosarcoma are the most 
common histopathologic subtypes. Diagnosis of a primary 
sarcoma requires the exclusion of metastatic spread of the 
sarcoma to the gland or glandular invasion from local soft 
tissues. Primary sarcomas behave like other soft tissue sar- 
comas, and the prognosis correlates with tumor size, type, 
and degree of histopathologic differentiation (49). 


Lymphoma 


Primary lymphoma occurs uncommonly in the salivary 
glands. When present, it usually affects the parotid gland 
more commonly than the other glands. Lymphoma occurs 
frequently in patients who have chronic autoimmune dis- 
eases such as Sjogren syndrome. Mucosa-associated lym- 
phoid tissue lymphomas are the most common form of 
primary lymphoma (50). Primary lymphoma usually runs 
an indolent course with a favorable prognosis (51). 


ASSESSMENT AND DIAGNOSIS 
Etiologic Factors 


Etiologic factors for salivary gland neoplasms are not well 
understood. Tobacco use has been clearly associated with 
the risk of developing Warthin tumor. There is no increased 
risk of developing other salivary gland neoplasms from 
tobacco use (52). Also, alcohol consumption has not been 
shown to increase the risk of developing salivary gland 
tumors (53). 

Studies have examined viruses such as the EBV as 
etiologic factors and, except for LEC, there has not been 
a demonstrated role for viral infection as a factor in the 
pathogenesis of salivary gland neoplasms (54). 

Low-dose radiation is considered a risk factor for the 
development of salivary gland neoplasms. A wide range in 
the dosage of radiation and age of exposure has been seen. 
This suggests that exposure at any age and any dose may pre- 
dispose one to the development of a salivary gland tumor 
(55). The most common malignant radiation-related tumors 
are mucoepidermoid carcinoma and adenocarcinoma (56). 


History 


Patients with salivary gland neoplasms usually present 
with asymptomatic masses. Benign parotid gland neo- 
plasms typically occur in the region of the tail of the gland. 
Pain is unusual with benign neoplasms but can occur due 
to associated infection, hemorrhage, or cystic enlargement. 


Figure 115.11 Low-grade polymorphous adenocarcinoma pre- 
senting as a smooth painless mass of the hard palate. 


In malignant neoplasms, pain is usually indicative of neu- 
ral invasion by the tumor and portends a worse prognosis 
than a malignant tumor that is not painful. However, pain 
is not a reliable indicator for malignancy. 

Submandibular gland neoplasms present in a similar 
manner as parotid tumors. Minor salivary gland tumors 
usually present as nonulcerated, painless submucosal 
masses involving the oral cavity, typically the hard or soft 
palate (Fig. 115.11). 

Patients with nasal and paranasal sinus neoplasms 
usually present with advanced symptoms such as nasal 
obstruction or epistaxis. In the upper aerodigestive tract, 
minor salivary gland tumors can cause hoarseness, respira- 
tory complaints, or dysphagia, depending on the location. 
Sublingual gland tumors usually present as masses in the 
floor of the mouth and may have associated discomfort. 

Tumors located in the parapharyngeal space (PPS) are 
usually asymptomatic and may be noted on routine oro- 
pharyngeal examination (Fig. 115.12) or as a neck mass. As 


Figure 115.12 Pleomorphic adenoma of the PPS. Note the uvu- 
lar deviation to the opposite site. 


TABLE 
uh iey 4) AND NONNEOPLASTIC LESIONS 


Histology 

Malignant 
Malignant 387 (93.25%) 
Benign 22 (5.3%) 
Nonneoplastic or normal tissue 6 (1.45%) 
Total 415 
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ACCURACY OF FNA TECHNIQUE IN DISTINGUISHING MALIGNANT FROM BENIGN 


Cytology 
Benign Nonneoplastic Total 
55 (4.31%) 42 (19%) 484 
1,219 (95.46%) 34 (15.38%) 1,275 
3 (0.23%) 145 (65.61%) 154 
1,277 221 1,913 


From Colella G, Cannavale R, Flamminio F, et al. Fine-needle aspiration cytology of salivary gland lesions: a systemic review. J Oral Maxillofac Surg 


2010;68:2146-2153, with permission. 


the tumor enlarges, alterations in speech and swallowing 
function may occur. 


Physical Examination 


In a patient with a salivary gland neoplasm, a thorough 
head and neck examination is indicated. Attention should 
be directed to the size, location, and mobility of the tumor. 
The presence or absence of tenderness to the mass should 
be noted. Facial nerve function should also be assessed. 
The presence of facial nerve paralysis should raise the sus- 
picion of malignancy, although rarely, a benign tumor can 
cause facial nerve paralysis. 


Fine Needle Aspiration Biopsy 


Fine needle aspiration (FNA) biopsy of a salivary gland 
tumor is a simple and accurate aid for the diagnosis of 
salivary gland neoplasms. Its primary value is to establish 
the need for surgery, not to establish a definitive diagno- 
sis. As such, it is helpful to avoid surgery in select patients 
with a reactive lymph node, lymphoma, or nonneoplastic 
disorders. 

Adequate tissue sampling is necessary, and clinico- 
pathologic correlation is important. Image guidance with 
ultrasound or computed tomography (CT) scan is some- 
times helpful. FNA offers several advantages including the 
ability to obtain a definitive diagnosis of a neoplasm and 
to aid in preoperative patient counseling regarding extent 
of surgery, timing of surgery, and use of imaging studies 
(Table 115.7) (57). 


Imaging 


Head and neck imaging is discussed in detail in Chapter 
11. Imaging of salivary gland tumors is important to help 
in the evaluation of malignant or recurrent tumors, sus- 
pected PPS involvement, or suspected involvement in 
structures that would indicate tumor unresectability. The 
primary modalities used are CT and magnetic resonance 
imaging (MRI). 


MRI is the imaging modality of choice in evaluating 
salivary gland tumors. MRI is superior to CT in its soft tis- 
sue differentiation. Also, MRI can also provide valuable 
information on deep tissue invasion, bone marrow infiltra- 
tion, and perineural spread of tumor (58). The superiority 
of its soft tissue definition allows MRI to be a useful tool in 
assessing the PPS. The periparotid fat strip separating the 
deep lobe of the parotid gland from the PPS is an impor- 
tant anatomic landmark and allows for the differentiation 
of deep lobe parotid tumors extending into the PPS from 
tumors that arise from ectopic salivary gland tissue. 

CT is helpful in identifying bony erosion or invasion. In 
cases of minor salivary gland tumors or tumors arising in 
the paranasal sinuses, CT and MRI frequently provide com- 
plimentary information to assess the extent of invasion of 
the malignancy (Figs. 115.13 and 115.14). 

Recently, ultrasound has been more utilized for the 
assessment of major salivary gland masses. Since the lateral 


Figure 115.13 Coronal CT with bone windows demonstrates a 
large neoplasm in the left maxillary sinus with extension into the 
nasal cavity and orbit. Bone destruction is evident in the inferior or- 
bital wall and a portion of the lateral wall of the left maxillary sinus. 
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Figure 115.14 Coronal T1 fat-saturation MR image shows avid 
enhancement of the large neoplasm of the left maxillary sinus with 
extension in the orbit. 


lobe of the parotid gland is a superficial structure, tumors 
of this lobe can be readily visualized with ultrasound. 
Advantages of ultrasound include relative low cost, ease of 
use, and the avoidance of ionizing radiation. A disadvan- 
tage of ultrasound, however, is that deep lobe tumors may 
not be accurately assessed. In some areas, ultrasound has 
replaced MRI and CT in preoperative imaging of benign 
parotid tumors (59). Accuracy in FNA has also been 
increased by using ultrasound to guide biopsy (60). 

Fluorine-18 fluorodeoxyglucose positron emission 
tomography (PET) is uncommonly utilized to assess sali- 
vary gland neoplasms because many benign tumors and 
inflammatory conditions can be reported as falsely posi- 
tive (61). It may provide additional information regarding 
the extent of disease for select malignant salivary gland 
neoplasms. A recent review reported a sensitivity of 74.4%, 
specificity of 100%, positive predictive value of 100%, 
and negative predictive value of 61.5% for combined 
PET/CT (62). 


Diagnostic Surgery 


Surgical biopsy of a parotid gland tumor should be avoided 
if possible. Excisional biopsy or tumor enucleation is asso- 
ciated with high rates of recurrence, particularly for pleo- 
morphic adenoma. The standard surgical approach for 
parotid neoplasms is to perform complete surgical resec- 
tion by parotidectomy with identification and preserva- 
tion of the facial nerve. This ensures an adequate margin of 
tissue surrounding the tumor. This approach is diagnostic 
and curative in most cases. The facial nerve is identified to 


allow tumor excision and to avoid facial nerve injury. This 
technique has excellent rates of tumor control. However, 
risks of facial nerve paralysis (permanent vs. transient), 
cosmetic defects, and Frey syndrome still exist (63). 

Some surgeons manage select parotid pleomorphic 
adenomas by careful extracapsular dissection. This surgi- 
cal method is not the same as simple tumor enucleation. 
In this technique, the tumor is dissected with a thin cuff 
of normal parotid tissue around it (2 to 3 mm). Recent 
reports of this approach demonstrate low rates of tumor 
recurrence, facial nerve injury rates similar to standard 
parotid techniques, and low rate of Frey syndrome (64,65). 


Staging 


The AJCC staging system (2010) for major salivary gland 
malignancies is described in Table 115.8. 


Differential Diagnosis 


Normal anatomic structures can often be confused with 
salivary gland tumors. The masseter muscle, transverse pro- 
cess of the C1 vertebral body, and mandibular processes 
can mimic parotid lesions (Fig. 115.15). Inflammatory 
diseases, nutritional deficiencies, and infections can cause 
diffuse parotid enlargement. Parotid cysts are uncommon 
but may mimic tumor. Cystic lymphoepithelial lesions 
observed in patients who are positive for the human 
immunodeficiency virus or have Sjogren syndrome may be 
confused with tumor as well (Fig. 115.16). 

Cutaneous malignancies can metastasize to the intra- 
parotid lymph nodes. Melanoma and squamous cell 
carcinoma account for the majority of these metastatic 
tumors. Infraclavicular tumors such as lung, kidney, 
breast, and colorectal cancers can spread to the salivary 
glands. 

Necrotizing sialometaplasia is a benign lesion of 
salivary tissue that may be confused with a minor sali- 
vary gland tumor. Other lesions of the palate that may 
be mistaken for a minor salivary gland tumor include 
mucus retention cyst, epidermoid cyst, fibroma, and a 
palatine torus. 


MANAGEMENT 
Surgery 


The treatment of choice for most salivary gland neoplasms 
is complete surgical excision. Because most parotid tumors 
occur in the region of the tail of the gland and are super- 
ficial to the facial nerve, parotidectomy with identifica- 
tion and preservation of the facial nerve is diagnostic and 
curative in most cases. The tumor should be removed with 
an adequate margin of normal tissue to ensure complete 
tumor excision and, in the case of pleomorphic adenoma, 
to avoid tumor rupture and spillage. 

(Text continued on page 1775) 


TABLE 
115.8 
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MAJOR SALIVARY GLANDS STAGING FORM | 


CLINICAL 
Extent of disease before any 
treatment 


STAGE CATEGORY DEFINITIONS 


PATHOLOGIC 
Extent of disease through 
completion of definitive surgery 


71 y clinical - staging completed LATERALITY: 11 y pathologic - staging completed 
after neoadjuvant therapy but TUMOR SIZE: | : : after neoadjuvant therapy AND 
before subsequent surgery | U1 left | right bilateral subsequent surgery 

PRIMARY TUMOR (T) 
L) TX Primary tumor cannot be assessed OQ) 1X 
LO) To No evidence of primary tumor O) To 
LO) Ti Tumor 2 cm or less in greatest dimension without extraparenchymal ) 11 
O T2 extension* O T2 
Tumor more than 2 cm but not more than 4 cm in greatest dimension 
O 3 without extraparenchymal extension* CO) 13 
L) T4a Tumor more than 4 cm and/or tumor having extraparenchymal CL) T4a 
extension* 
L) T4b Moderately advanced disease CL} T4b 
Tumor invades skin, mandible, ear canal, and/or facial nerve 
Very advanced disease 
Tumor invades skull base and/or pterygoid plates and/or encases 
carotid artery 
“Note: Extraparenchymal extension is clinical or macroscopic evidence of 
invasion of soft tissues. Microscopic evidence alone does not 
constitute extraparenchymal extension for classification purposes. 
1) 
CL) NX CL) NX 
C) NO C) NO 
LC) Nt OC) Ni 
LC) N2 CL) N2 
L) N2a CL) N2a 
L) N2b CL} N2b 
C) N2c C) N2c 
LC) N3 C) N38 
DISTANT METASTASIS (M) 
C) Mo No distant metastasis (no pathologic MO; use clinical M to complete stage group) 
Oo m Distant metastasis Qi 


HosPITAL NAME/ADDRESS 


PATIENT NAME/ INFORMATION 
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MAJOR SALIVARY GLANDS STAGING FORM 


CLINICAL 

GROUP T N M 
QO | T1 NO Mo 
oO oll T2 NO Mo 
O ill T3 NO Mo 
T1 N1 Mo 

T2 N1 Mo 

T3 N1 Mo 

Q IA T4a NO Mo 
T4a N1 Mo 

T1 N2 Mo 

T2 N2 Mo 

T3 N2 Mo 

T4a N2 Mo 

Q IB T4b Any N Mo 
Any T N3 Mo 


Q WC AnyT ~~ AnyN— Mt 


Q) Stage unknown 


ANATOMIC STAGE * PROGNOSTIC GROUPS 


PATHOLOGIC 

GROUP T N M 

EB) | T1 NO Mo 

QO il T2 NO Mo 

OQ ill T3 NO Mo 

11 N1 MO 

T2 N1 MO 

T3 N1 MO 

Q IVA T4a NO Mo 

T4a N1 Mo 

T1 N2 MO 

T2 N2 Mo 

T3 N2 MO 

T4a N2 Mo 

Q)sIVB T4b Any N MO 

AnyT N83 Mo 

Q Ive AnyT AnyN M1 
QO) Stage unknown 


REQUIRED FOR STAGING : None 


CLINICALLY SIGNIFICANT: 
Size of Lymph Nodes 


PROGNOSTIC FACTORS (SITE-SPECIFIC FACTORS) 


Head & Neck Lymph Nodes Levels I-III 


Extracapsular Extension from Lymph Nodes for Head & Neck 


Head & Neck Lymph Nodes Levels IV-V 


Head & Neck Lymph Nodes Levels VI-VII 


Other Lymph Nodes Group 


Clinical Location of cervical nodes 


Extracapsular spread (ECS) Clinical 


Extracapsular spread (ECS) Pathologic 


Histologic Grade (G) (also known as overall grade) 
Grading system 

2 grade system 

3 grade system 

4 grade system 

No 2, 3, or 4 grade system is available 


Oooo 


Grade 


Oooo 


Grade | or 1 

Grade Il or 2 
Grade Ill or 3 
Grade IV or 4 


General Notes: 

For identification of special cases of 
TNM or pTNM classifications, the "m" 
suffix and "y," "r," and "a" prefixes are 
used. Although they do not affect the 
stage grouping, they indicate cases 
needing separate analysis. 


m suffix indicates the presence of 
multiple primary tumors in a single 
site and is recorded in parentheses: 
pT(m)NM. 


y prefix indicates those cases in 
which classification is performed 
during or following initial multimodality 
therapy. The cTNM or pTNM 
category is identified by a "y" prefix. 
The ycTNM or ypTNM categorizes 
the extent of tumor actually present at 
the time of that examination. The "y" 
categorization is not an estimate of 


tumor prior to multimodality therapy. 


r prefix indicates a recurrent tumor 
when staged after a disease-free 
interval and is identified by the "r" 
prefix: fTNM. 


a prefix designates the stage 
determined at autopsy: aTNM. 


HOSPITAL NAME/ADDRESS 


PATIENT NAME/ INFORMATION 
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MAJOR SALIVARY GLANDS STAGING FORM 


ADDITIONAL DESCRIPTORS 


is given to positive results. 


CL) Lymph-vascular Invasion Present/Identitied 
L) Not Applicable 
CL) Unknown/Indeterminate 


Residual Tumor (R) 


LYRX Presence of residual tumor cannot be assessed 
LY RO No residual tumor 

LJR1 Microscopic residual tumor 

LYR2 Macroscopic residual tumor 


Lymphatic Vessel Invasion (L) and Venous Invasion (V) have been combined into Lymph-Vascular 
Invasion (LVI) for collection by cancer registrars. The College of American Pathologist (CAP) Checklist 
should be used as the primary source. Other sources may be used in the absence of a Checklist. Priority 


C) Lymph-vascular Invasion Not Present (absent)/Not Identified 


The absence or presence of residual tumor after treatment. In some cases treated with surgery and/or 
with neoadjuvant therapy there will be residual tumor at the primary site after treatment because of 
incomplete resection or local and regional disease that extends beyond the limit of ability of resection. 


General Notes (continued): 


surgical margins is data field 
recorded by registrars describing the 
surgical margins of the resected 
primary site specimen as determined 
only by the pathology report. 


neoadjuvant treatment is radiation 
therapy or systemic therapy 
(consisting of chemotherapy, 
hormone therapy, or immunotherapy) 
administered prior to a definitive 
surgical procedure. If the surgical 
procedure is not performed, the 
administered therapy no longer meets 
the definition of neoadjuvant therapy. 


L) Clinical stage was used in treatment planning (describe): 


L) National guidelines were used in treatment planning LY NCCN CU) Other (describe): 


Physician signature 


Date/Time 


HosPITAL NAME/ADDRESS 


PATIENT NAME/ INFORMATION 
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MAJOR SALIVARY GLANDS STAGING FORM 


Illustration 

Indicate on diagram primary 
tumor and regional nodes 
involved. 


HosPITAL NAME/ADDRESS PATIENT NAME/ INFORMATION 


3c 3B 


Figure 115.15 Normal anatomic structures are sometimes mis- 
taken for parotid neoplasms. 1, masseter; 2, transverse process of 
C1; 3, mandibular processes: A, angle; B, coronoid; C, condyle. 


Complete excision by parotidectomy (Fig. 115.17) is 
considered adequate therapy for superficial low-grade 
malignancies (e.g., low-grade mucoepidermoid carcinoma 
and acinic cell carcinoma). 

Complete surgical resection by parotidectomy is recom- 
mended for high-grade malignancies. The facial nerve is to 
be preserved if it functions normally and is not invaded by 
tumor. Facial nerve involvement by tumor requires facial 
nerve resection. Frozen sections are used to ensure negative 


10 em 


Figure 115.16 Fat-saturation T2-weighted magnetic resonance 
image demonstrates multiple cysts within the right parotid gland. 
This lesion is hyperintense on T2-weighted images. 
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nerve margins both proximally and distally. Immediate 
facial nerve grafting should be considered. 

During parotidectomy for malignancy, the neck is 
addressed with a comprehensive neck dissection for any 
known positive nodal disease. For the NO neck, the role of 
elective neck dissection is controversial. 

In general, high-grade tumors are more frequently asso- 
ciated with occult metastasis than low-grade tumors. Thus, 
malignancies such as high-grade mucoepidermoid or carci- 
noma ex pleomorphic adenoma have relatively high rates 
of occult disease. Other high-risk tumors include adeno- 
carcinoma, primary squamous cell carcinoma, and sali- 
vary duct carcinoma. Low-risk tumors include low-grade 
mucoepidermoid carcinoma and acinic cell carcinoma. 
Although adenoid cystic carcinoma is considered a high- 
grade malignancy, it is associated with a low rate of occult 
metastases, and thus, elective neck dissection is not recom- 
mended for this cancer. 

Some advocate that all salivary gland malignancies be 
managed with elective neck dissection of levels I, I, and 
IIL. A rationale is that in less than half the cases, the exact 
grade and histologic type of tumor is indeterminate prior 
to definitive resection (66). 

There are also some who do not advocate elective neck 
dissection at all. Some suggest sampling the nodal tissue in 
levels land II] and making a decision based on frozen section 
whether or not to perform a neck dissection (67). A recent 
review on the management of the neck in salivary gland 
cancer summarizes the reasonable considerations for elec- 
tive neck dissection as high-grade tumor, large tumor size, 
facial paralysis, extraglandular spread, age greater than 54, 
and perilymphatic invasion (68). 


Parotidectomy Technique 


The face and neck are prepared and draped with a trans- 
parent adhesive drape to allow for visualization of the 
face during the procedure. A preauricular incision is made 
extending inferiorly along the line of attachment of the ear 
lobule and curving into an upper neck crease. Alternatively, 
a modified face-lift incision can be used for selected 
patients. An anterior skin flap is elevated superficial to the 
parotid fascia. The flap is raised to the posterior border of 
the masseter muscle. The tail of the parotid is then dis- 
sected from the sternocleidomastoid muscle and the pos- 
terior branch of the greater auricular nerve is preserved if 
possible. 

The digastric muscle is then exposed as the tail of the 
parotid is elevated. This serves as an important landmark 
in identifying the facial nerve. The second plane of dissec- 
tion is then developed in the pretragal region. This space is 
opened with blunt dissection parallel to the course of the 
facial nerve. This exposes the tragal pointer and opens a 
plane from the zygoma superiorly to just above the styloid 
process inferiorly. With the tail and the pretragal portions 
of the parotid mobilized, the remaining parotid fascial 


1776 Section VII: Head and Neck Surgery 


attachments to the mastoid are divided. The facial nerve 
is then identified using the exposed anatomic landmarks 
(Table 115.9). 

If the main trunk of the facial nerve cannot be identified, 
then peripheral facial nerve branches can be dissected in a 
retrograde fashion. Alternatively, when there is significant 
scarring or distortion of the normal anatomy, a mastoid- 
ectomy can be performed and the facial nerve identified 
within the temporal bone. 

After the main branch of the facial nerve is identified, 
individual facial nerve branches are followed peripherally 
and the gland is dissected off the nerve branches. After 


Marginal 


- Cervical 
*\ branch VII 


Sternocieidomastoid muscle —\— 


Post. belly 


of digastric mace 
i} 


Great auricular nerve y 


‘mandibular branch 


tumor removal, hemostasis is ensured and the wound 
closed over a closed-suction drain. 

Total parotidectomy involves removal of parotid gland 
tissue both superficial and deep to the facial nerve. For 
deep lobe tumors, the facial nerve is exposed by removing 
the superficial lobe of the parotid gland. The deep lobe is 
then removed by first carefully mobilizing the branches of 
the facial nerve and removing the tissue deep to the nerve. 

For parotid malignancies, the extent of the resection is 
determined by the extent of the disease. Frozen sections 
may guide the need for removal of any tissues that are 
invaded beyond the gland. 
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Figure 115.17 Techniques of parotidectomy. A: Anatomy of parotid area. B: Dissection of the inferior 
pole of the gland takes place before dissection of the facial nerve and its branches. C: Anterior retraction 
and blunt dissection above the main trunk of the facial nerve follows the mobilization of the inferior pole 


of the gland. 
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Figure 115.17 (Continued) D: All nerve branches are successively dissected and identified. Then the 
gland is removed in a single block. E: Deep lobe parotidectomy. Facial nerve is visualized, and dissection 
is continued deep to it. F: The deep lobe is removed. GAN, greater auricular nerve; SCM, sternocleido- 
mastoid muscle. 
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Tragal pointer 

Tympanomastoid suture line 

Digastric muscle attachment to digastric groove 
Retrograde dissection from distal nerve branch 
Nerve within the temporal bone 


Surgical Treatment of Parapharyngeal Space 
Tumors 


The PPS is located lateral to the pharynx and is shaped as 
an inverted pyramid with its base at the skull base and its 
apex at the hyoid bone. It is bounded posteriorly by the 
prevertebral fascia, medially by the pharyngeal constrictor 
muscles, and laterally by the mandibular ramus and the 
deep lobe of the parotid. 

Parotid neoplasms may involve the PPS by two routes. 
Round tumors extend posterior to the stylomandibular 
ligament. Dumbbell tumors have waist-like constrictions 
that form as they penetrate between the mandible and the 
stylomandibular ligament (Figs. 115.18 and 115.19). 

Most tumors of the PPS can be removed through a trans- 
cervical approach. The submandibular gland is then mobi- 
lized, which allows access to the anterior compartment of 
the PPS. Most PPS tumors can be bluntly dissected from 


) Tumor 


ligament 


Parotid gland 


Ir 


Stylomandibular 


the surrounding structures. This dissection must be done 
gently to avoid tumor rupture and seeding of the PPS. 

If exposure needs to be increased, techniques such as 
division of the stylomandibular ligament and division of 
the stylohyoid and digastric muscles can enhance exposure 
(69). If additional exposure is required, a mandibulotomy 
may be needed. The mandibular osteotomies should be 
made in manner to preserve the inferior alveolar nerve. 

For select benign tumors, a transoral approach to the 
PPS can be considered. Preoperative imaging is impor- 
tant in patient selection for this approach (70). Transoral 
biopsy of PPS tumors should be avoided. This carries risks 
of injury to the carotid artery, tumor spillage, seeding the 
tumor into the oropharyngeal tissues, and formation of 
adhesions. A transoral or image-guided FNA biopsy usually 
provides diagnostic information without these risks (71). 


Surgical Treatment of Submandibular Gland 
Neoplasms 


Tumors involving the submandibular gland are usually 
limited to the gland. For benign tumors, submandibular 
gland excision is therapeutic. Malignant tumors require 
complete surgical resection. Malignant tumors are usu- 
ally confined to the gland, and thus, surgical resection is 
usually confined to the contents of the submandibular 
triangle. All nerves are preserved unless there is evidence 
of tumor involvement. For malignant tumors invading the 
surrounding tissue, the surgical resection is extended to 
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Figure 115.18 Round tumor involving the PPS. A: Three-fourths view. B: Axial view. 
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Figure 115.19 Dumbbell tumor involving the PPS. A: Three-fourths view. B: Axial view. 


include the involved structures with an appropriate tumor- 
free margin. The involved structures may include the 
marginal mandibular branch of the facial nerve, the hypo- 
glossal nerve, the lingual nerve, the mandible, the tongue, 
the floor of mouth, and the skin. The extent of surgical 
resection depends on the extent of the disease. 


Submandibular Gland Excision Technique 


The neck is prepared and draped in a sterile fashion. The inci- 
sion is made below the inferior border of the mandible in a 
skin crease (Fig. 115.20). The incision is carried through the 
platysma muscle, and subplatysmal flaps are elevated with 
care to avoid injury to the marginal mandibular nerve. The 
Hayes Martin maneuver can be used to protect the marginal 
mandibular nerve at this point. The fascia overlying the sub- 
mandibular gland is then incised and raised, exposing the 
gland itself. However, if enlarged facial nodes are present, 
the marginal mandibular nerve may need to be completely 
dissected and mobilized superiorly to ensure complete 
nodal removal. The dissection is then performed superiorly, 
and the facial artery is divided and ligated. The mylohyoid 
muscle is retracted anteriorly, and the gland is retracted pos- 
teroinferiorly, exposing the lingual nerve and Wharton duct. 
The submandibular ganglion is divided, freeing the lingual 
nerve. Wharton duct is then divided and ligated. The hypo- 
glossal nerve runs superficial to the hyoglossus muscle. The 
hypoglossal nerve is preserved as the inferior border of the 


gland is dissected free. The facial artery is encountered again, 
and it is divided and ligated. After ensuring hemostasis, the 
wound is closed in layers over a drain. 


Surgical Treatment of Minor Salivary Gland 
Neoplasms 


Surgical therapy depends on the location and extent of 
disease. Complete surgical excision is therapeutic for 
benign tumors. Adenoid cystic carcinoma most commonly 
involves the oral cavity, nasal cavity, and paranasal sinuses. 
Adenocarcinomas most commonly involve the paranasal 
sinuses and nasal cavities. Malignant minor salivary gland 
tumors involving the larynx are usually adenoid cystic car- 
cinoma or adenocarcinoma. The surgery for malignant 
minor salivary gland tumors may be extensive and may 
require maxillectomy, craniofacial resection, mandibulec- 
tomy, laryngectomy, or tracheal resection. 


Radiation Therapy 


Adjuvant radiation therapy has improved the locoregional 
control and survival for patients with carcinoma of the 
salivary glands (72). Indications for adjuvant radiotherapy 
include lymph node metastasis, high tumor grade, positive 
surgical margins and T3-T4 tumor stage (73). Although 
surgery remains the mainstay in the treatment of salivary 
gland malignancies, radiation therapy alone may be an 
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Response Stable Disease 

ACC No. Non-ACC No. Target(s) Drug Rate (%) (%) (>6 mo) 
Haddad et al. 2 12 HER2 Trastuzumab 8 Not reported 
Glisson et al. 19 9 EGFR Gefitinib 0 67% (0%) 
Hottle et al. 16 0 c-kit Imatinib 0 60% (13%) 
Pfeiffer et al. 10 0 c-kit Imatinib 0 20% (20%) 
Agulnik et al. 19 17 HER2/EGFR Lapatinib 0 59% (47%) 
Locati et al. 23 7 EGFR Cetuximab 0 80% (50%) 


ACC, Adenoid cystic carcinoma; EGFR, Epidermal growth factor receptor; HER2 - Human epidermal growth factor receptor 2. 
From Adelstein DJ, Rodriguez CP. What is new in the management of salivary gland cancers? Curr Opin Oncol 2011;23:249-253, with permission. 


option in cases where surgery is not possible or would 
result in unacceptable morbidity (74). 

Adjuvant radiotherapy has been shown to be beneficial 
following resection of recurrent pleomorphic adenoma of the 
parotid, thus making it an option in selected cases (75). Fast 
neutron radiotherapy also shows promise as another modal- 
ity for the treatment of recurrent pleomorphic adenoma (76). 

Because of the proximity of important structures, it is 
difficult to deliver curative doses of radiation using con- 
ventional photons for tumors of the skull base or paranasal 
sinuses. Because of the radiobiologic properties of heavy 
particles, a larger dose of radiation can be delivered to the 
tumor while sparing the surrounding tissue. As mentioned 
earlier in this chapter, fast neutron radiotherapy may be 
more effective than conventional photon radiotherapy as 
the primary treatment modality in select cases of unresect- 
able adenoid cystic carcinoma (29,30). In addition, con- 
formal proton radiotherapy has shown promise in the 
treatment of adenoid cystic carcinoma of the skull base in 
cases of partial or incomplete resection of tumor (77). 


Chemotherapy 


Historically, the primary role for chemotherapy has been 
for palliation in the setting of symptomatic, unresectable 
disease. The role for chemotherapy continues to be inves- 
tigated. At this point, there are very limited data for the 
role of chemotherapy in salivary gland cancer. It should be 
noted, however, that adenoid cystic carcinoma constitutes a 
large number of patients in these trials, thus making extrap- 
olation of the outcomes to other malignancies difficult (1). 

Single agent paclitaxel has been studied by the Eastern 
Cooperative Oncology Group. In their Phase II trial, they 
found a partial response rate in 26% of patients with 
mucoepidermoid carcinoma or adenocarcinoma but 
zero responders in those with adenoid cystic carcinoma. 
Median survival was 12.5 months (78). Gemcitabine com- 
bined with either cisplatin or carboplatin has also demon- 
strated modest response rates (79). 

Small retrospective studies have demonstrated a poten- 
tial benefit in adjuvant chemoradiation with platinum 


compounds (80). Currently, prospective studies are under 
way to determine its utility. 

Development of therapeutic agents directed against spe- 
cific molecular targets has also found its way in salivary 
gland cancers. No study thus far, however, has demon- 
strated meaningful responses, despite the overexpression 
of various markers in some neoplasms (Table 115.10). 


COMPLICATIONS 
Parotidectomy 


There are both early and late complications of parotidec- 
tomy (Table 115.11). Partial or complete paralysis involv- 
ing some or all branches of the facial nerve can occur as 
an early complication. Temporary facial nerve paralysis 
involving one or all branches of the nerve occurs in 10% to 
30% of parotidectomies. Permanent facial nerve paralysis 
occurs in fewer than 3% of parotidectomies. The incidence 
of facial nerve paralysis is higher with total parotidectomy 
than with superficial parotidectomy. Facial nerve injury 
is also more common during reoperation for recurrent 
tumors. The nerve at most risk for injury during parotidec- 
tomy is the marginal mandibular branch. Temporary pare- 
sis usually resolves from weeks to months postoperatively. 
Complete nerve transection can occur during surgery and 
should be identified and immediately repaired. 


Early Late 


Facial nerve paralysis Frey syndrome 


Bleeding Recurrent tumor 

Infection Poor cosmesis 

Skin flap necrosis Soft tissue deficit 

Trismus Hypertrophic scar or keloid 
Sialocele 

Seroma 
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There are many factors that influence the risk of facial 
nerve injury. These include tumor size, location, type, 
extent of surgery, and reoperation. Mechanisms of injury 
include nerve transection, stretch, compression, thermal/ 
electrical injury, and ischemia. 

Continuous facial nerve monitoring has been gain- 
ing in popularity in recent years (81). In this technique, 
facial muscle electromyographic (EMG) activity is moni- 
tored. Commercially available, multichannel systems can 
track facial muscle activity and have a built-in pulse gen- 
erator for nerve stimulation at varying strengths. Data for 
these systems are easy to interpret and do not require the 
presence of a neurophysiologic nerve monitoring team. 
Intraoperatively, the surgeon must be able to differentiate 
true EMG events from artifacts that are usually caused by 
contact of metal instruments on the operative field. Wave 
form analysis and the context in which the artifactual alert 
occurs can aid in differentiating these from true events. 

The literature suggests a reduction in the rate of tempo- 
rary facial nerve paresis and possible decreased operating 
time with facial nerve monitoring during parotidectomy. 
Studies to date, however, preclude conclusions regarding a 
benefit for permanent facial paralysis reduction due to lack 
of sufficient power (82,83). There are benefits to the use 
of the facial nerve monitor including minimizing trauma 
to the nerve during its dissection, improved ability to dif- 
ferentiate the facial nerve from nonnerve tissue, and alert 
to the surgeon regarding facial nerve proximity (84). The 
use of monitoring technology, however, should not replace 
the identification of the facial nerve using known anatomic 
landmarks. 
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Corticosteroids have been used by some surgeons in the 
hopes of avoiding postoperative paresis of the facial nerve 
by reducing edema and inflammation of the nerve. Studies, 
however, have failed to demonstrate a benefit of periopera- 
tive corticosteroids on facial nerve paresis rates (85). 

Hemorrhage or hematoma is an uncommon complica- 
tion and is usually related to incomplete hemostasis at the 
end of the procedure. Treatment consists of evacuation of 
the hematoma and surgical control of the bleeding vessels. 

Infection is rare after parotidectomy and is avoided by 
the use of aseptic technique and careful handling of tissues. 
The rarity of infection is probably related to the rich vascu- 
lar supply to this anatomic region. Treatment of infection 
consists of surgical drainage, if necessary, and antibiotics. 

Skin-flap necrosis most commonly occurs in the dis- 
tal tip of the postauricular skin flap. Care must be taken 
in designing this portion of the skin flap in avoiding this 
complication. Smoking, prior radiation therapy, and dia- 
betes mellitus are risk factors for this complication. 

Trismus may occur related to inflammation and fibrosis 
of the masseter muscle. This complication is usually mild 
and self-limited with jaw range of motion exercises. 

Salivary fistula or sialocele is a relatively common com- 
plication after parotidectomy. This usually results from the 
cut edges of the remaining salivary gland leaking saliva and 
then collecting beneath the flap. This complication is usu- 
ally self-limited when treated with needle aspirations. A 
chronic salivary fistula is rare. 

Frey syndrome or gustatory sweating is a relatively 
common long-term complication of parotidectomy 
(Fig. 115.21). This is thought to occur as a result of aberrant 
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Figure 115.21 A: Normal innervation of parotid and sweat glands. B: Proposed mechanism of 


Frey syndrome. 


regeneration of nerve fibers from the postganglionic secre- 
tomotor parasympathetic innervation of the parotid gland 
to the severed postganglionic sympathetic fibers that sup- 
ply the sweat glands of the skin of the face. As a result, 
sweating or dermal flush occurs during salivary stimula- 
tion. Frey syndrome has been reported for 30% to 60% of 
patients undergoing parotidectomy. Only about 10% of 
patients, however, have symptomatic Frey syndrome. 

Most patients with Frey syndrome do not seek therapy. 
Medical treatment of symptomatic Frey syndrome has 
included topical application of antiperspirant, topical anti- 
cholinergics, and injections of botulinum toxin, which 
provides excellent control for prolonged periods. Surgical 
techniques during parotidectomy that can reduce the risk 
of Frey syndrome include elevation of a thick skin flap and 
performance of partial parotidectomy (86). In addition, 
interpositional barriers such as fat, acellular dermal grafts, 
and muscle flaps have been used with success in the pre- 
vention of Frey syndrome (87-89). These surgical methods 
are uncommonly utilized presently due to the effectiveness 
of botulinum toxin therapy. 

First bite syndrome can occur following deep lobe 
parotid and PPS neoplasms and manifests with recurrent 
severe pain with initial oral intake that subsides with suc- 
cessive bites. This problem is thought to result from inter- 
ruption of the sympathetic innervation of the parotid 
gland with denervation supersensitivity of myoepithelial 
cell receptors. The severity of this condition usually dimin- 
ishes over time. Severe cases may benefit from botulinum 
toxin injection of residual gland tissue. 

Malignant and even benign tumors can recur. High- 
grade malignancies can have a high rate of recurrence 
despite combined therapy. Benign tumors such as pleo- 
morphic adenoma, however, recur in less than 1% of 
patients who have proper surgery. Most recurrences occur 
after incomplete tumor resection or tumor spillage from 
tumor capsule rupture. 

Recurrent pleomorphic adenoma is difficult to treat 
because they tend to be larger than suspected, lie at a 
deeper level than expected, and are multicentric (90). The 
treatment of recurrent pleomorphic adenoma consists of 
comprehensive resection of recurrent tumor nodules by 
revision parotidectomy with facial nerve preservation. A 
decrease in the rate of surgical control occurs with subse- 
quent recurrences. Thus, postoperative radiation therapy 
may be recommended in certain cases to reduce the like- 
lihood of recurrence following revision surgery. En bloc 
resection with immediate nerve grafting is necessary for 
recurrences encasing the facial nerve. 


Submandibular Gland Excision 


The complications of submandibular gland excision are 
listed in Table 115.12. Injury to the marginal mandibular 
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COMPLICATIONS OF 
ui eu y4) SUBMANDIBULAR GLAND EXCISION 


Hemorrhage 

Infection 

Marginal mandibular branch of facial nerve injury 
Hypoglossal nerve injury 

Lingual nerve injury 

Poor scar formation 


branch of the facial nerve results in loss of lip depressor 
function. Temporary paresis of this nerve can occur from 
nerve stretch injury during retraction. Other nerves at risk 
include the hypoglossal nerve and lingual nerve resulting 
in ipsilateral tongue paralysis and anesthesia of the ante- 
rior two-thirds of the tongue, respectively. 

Hemorrhage, particularly from the facial artery, results 
in vigorous bleeding and can contribute to airway compro- 
mise. Wound re-exploration and control of hemorrhage 
is necessary. Infection is uncommon after submandibular 
gland excision. 


PROGNOSTIC FACTORS 


Histopathology 


Many studies over the years have demonstrated that tumor 
histopathology is a strong prognostic factor in predict- 
ing the behavior of a malignancy. In general, low-grade 
tumors such as low-grade mucoepidermoid carcinoma 
or acinic cell carcinoma are usually well controlled with 
single-modality therapy. Whereas high-grade lesions such 
as high-grade mucoepidermoid carcinoma or salivary 
duct carcinoma require aggressive surgical treatment with 
adjuvant radiotherapy because they have a greater likeli- 
hood of metastasis and locoregional failure. An epidemio- 
logic study was performed looking at data in the Swedish 
Cancer Society to look at the relative survival of different 
cancer types in the parotid and submandibular glands 
(Tables 115.13 and 115.14) (36). A classification scheme 
dividing tumors into low-risk and high-risk cancers is pre- 
sented in Table 115.15 (91). 


Tumor Size 


Tumor size has been considered a major prognostic indi- 
cator for salivary gland malignancies with increased size 
resulting in poor prognosis and decreased survival (92,93). 
Increased tumor size also correlates with high rates of 
regional and distant metastases and increased rates of 
recurrence (95). 
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Tumor Type 

Carcinoma ex pleomorphic 76 ( 
Adenoid cystic carcinoma 85 ( 
Acinic cell carcinoma 93 ( 
Mucoepidermoid carcinoma 82 ( 
Adenocarcinoma 63 ( 
Undifferentiated carcinoma 48 ( 


5-y Survival (95% Cl) 


10-y Survival (95% Cl) 


69-82) 73 (65-81) 
79-90) 74 (66-82) 
88-98) 88 (80-95) 
77-87) 80 (73-87) 
57-70) 55 (48-75) 
40-56) 40 (25-61) 


Adapted from Wahlberg P, Anderson H, Bjorklund A, et al. Carcinoma of the parotid and submandibular 
glands: a study of survival in 2465 patients. Oral Oncol! 2002;38:706-7 13. 


Facial Nerve Paralysis 


Facial nerve paralysis associated with malignant tumors 
indicates a poor prognosis. Facial nerve paralysis is also 
associated with higher incidences of regional and distant 
metastases (95). 


Regional Lymphatic Metastases 


Regional lymph node metastases are associated with a 
poorer prognosis than for nonmetastatic disease (67,94). 
Factors associated with a higher risk of metastases have 
already been discussed earlier in the chapter. Other factors 
include tumor size, facial nerve paralysis, age of patient, 
histologic type, and grade of tumor. 


Distant Metastases 


Distant metastases indicate a poor prognosis. Distant 
metastases occur in approximately 20% of parotid malig- 
nancies, and they occur most frequently in adenoid cystic 


TABLE 


115.14 


Tumor Type 

Carcinoma ex-pleomorphic 71 ( 
Adenoid cystic carcinoma 84 ( 
Acinic cell carcinoma 83 ( 
Mucoepidermoid carcinoma 55 ( 
Adenocarcinoma 43 ( 
Undifferentiated carcinoma 50 ( 


5-y Survival (95% Cl) 


carcinoma and undifferentiated carcinoma. The most com- 
mon sites for distant metastases are lung, bone, and brain. 
The length of survival after distant failure varies accord- 
ing to the tumor type. Some patients with adenoid cystic 
carcinoma may survive for many years due to slow tumor 
progression. The most important factors for predicting 
the development of distant metastases are the size of the 
tumor, presence or absence of regional metastases, and his- 
tologic type of tumor (93). 


Location 


There appears to be no difference in survival based on the 
location of a malignancy within the parotid gland, but PPS 
involvement by a malignancy is associated with a poor 
prognosis. In general, parotid malignancies have a better 
prognosis than salivary carcinomas arising in other loca- 
tions. 

For adenoid cystic carcinoma, tumors in the major 
salivary glands are associated with a better prognosis than 
those in the minor salivary glands. 


10-y Survival (95% Cl) 


54-86) 62 (43-82) 
76-90) 73 (63-82) 
50-100) 86 (46-100) 
42-69) 53 (37-71) 
29-61) 42 (25-65) 
32-70) 53 (32-81) 


Adapted from Wahlberg P, Anderson H, Bjorklund A, et al. Carcinoma of the parotid and submandibular 
glands: a study of survival in 2465 patients. Oral Oncol! 2002;38:706-7 13. 


TABLE 


Low Risk 


Acinic cell carcinoma 

Low-grade mucoepidermoid carcinoma 

Epithelial-myoepithelial carcinoma 

Polymorphous low-grade adenocarcinoma 

Clear cell carcinoma 

Basal cell adenocarcinoma 

Low-grade salivary duct carcinoma (low-grade cribriform 
cystadenocarcinoma) 

Myoepithelial carcinoma 

Oncocytic carcinoma 

Carcinoma ex pleomorphic adenoma (intracapsular/minimally 
invasive or with low-grade histology) 

Sialoblastoma 

Adenocarcinoma NOS and cystadenocarcinoma, low grade 
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High Risk 


Sebaceous carcinoma and lymphadeno carcinoma 
High-grade mucoepidermoid carcinoma 

Adenoid cystic carcinoma 

Mucinous adenocarcinoma 

Squamous cell carcinoma 

Small cell carcinoma 

Large cell carcinoma 


LEC 


Metastasizing pleomorphic adenoma 
Carcinoma ex pleomorphic adenoma (widely invasive or 


high-grade histology) 


Carcinosarcoma 
Adenocarcinoma and cystadenocarcinoma, NOS, high grade 


From Seethala RR. An update on grading of salivary gland carcinomas. Head Neck Patho! 2009;3:69-77, with permission. 


= Salivary gland neoplasms represent a diverse group 
of benign and malignant tumors. 

m In the parotid gland, 75% to 80% of tumors are 
benign and 25% malignant. 

= In the submandibular gland, a higher proportion of 
neoplasms are malignant compared to the parotid 
gland. 

= In the minor salivary glands, most neoplasms are 


malignant. 

m An accurate diagnosis is important for guiding 
proper therapy. 

m= Most salivary gland tumors develop in the parotid 
gland. 


= Low-dose radiation exposure has been implicated as 
an etiologic factor for salivary gland neoplasms. 

= A mass in the region of the parotid gland should be 
considered a salivary gland neoplasm until proven 
otherwise. 

m ENA biopsy is an accurate method to confirm the 
diagnosis of a salivary gland neoplasm. 

m Parotidectomy with identification and preserva- 
tion of the facial nerve is diagnostic and curative for 
most parotid gland neoplasms. 

= In select cases, extracapsular dissection of pleomor- 
phic adenoma of the parotid gland yields low rates 
of recurrence and complications. 

= Combined surgery and radiation therapy has 
improved locoregional control and survival in 
patients with carcinoma of the major salivary glands. 

m= Tumor grade, stage, and histologic type are important 
prognostic variables for salivary gland malignancies. 
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Lip Cancer 


Liana Puscas 


Lip cancer is one of the most common malignant tumors 
of the head and neck. The typical patient is a white male 
smoker with a fair complexion in his sixth to seventh 
decade of life who presents with a squamous cell carci- 
noma (SCCA) involving the lower lip. As the lips are in a 
prominent position on the face, appropriate management 
of this malignancy should have as its goals maximizing 
survival while minimizing the functional and cosmetic 
morbidity associated with treatment. This requires a thor- 
ough understanding of the functional anatomy of the lips, 
the biologic behavior of the disease, treatment options, 
and reconstructive considerations. 


The lips form the anterior boundary of the oral cavity and 
function as a mobile oral sphincter that prevents dribbling 
of fluids and assists in mastication, deglutition, and articu- 
lation. The lips are also important aesthetically, contrib- 
uting to appearance and facial expression. The anatomic 
extent of the lips includes only the vermilion, or that 
portion of the lip mucosa that contacts the opposing lip. 
Anteriorly, the lip ends at the vermilion border, which is 
the junction of the vermilion with the skin. The lower lip 
vermilion in repose is more everted than the upper lip. The 
transverse length of the upper lip is slightly longer: about 
8.0 cm compared with 7.5 cm for the lower lip. 

The orbicularis oris muscle is the sphincter that lies 
within the lip and encircles the oral aperture. Superiorly, 
it extends almost to the columella and attaches to the 
anterior nasal spine. Inferiorly, it interdigitates with the 
mentalis muscles to form the mental crease. Numerous 
paired muscles of facial expression insert on its lateral 
deep surface and contribute to oral competence and the 
diversity of lip movement (Fig. 116.1). The deep surface 
of the orbicularis oris is covered by loosely attached 
mucous membranes containing numerous minor salivary 
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glands. Superficially, it is loosely attached to overlying 
skin. 

The sensory and motor innervations of the lips are sepa- 
rate. The infraorbital branch of the maxillary division of 
the trigeminal nerve (V2) provides the major sensory sup- 
ply to the skin and mucous membrane of the upper lip. 
The oral commissure area is supplied by the buccal branch 
of the mandibular division of the trigeminal nerve (V3), 
whereas sensation of the lower lip skin and mucosa is 
derived from the mental branch of the mandibular divi- 
sion. The seventh cranial nerve (facial nerve) provides the 
motor innervation of the lip. The upper lip musculature is 
supplied by the buccal branch of the facial nerve, whereas 
the marginal mandibular branch innervates the lower lip 
musculature. 

The main blood supply to the lips consists of the supe- 
rior and inferior labial arteries, which travel between the 
submucosa of the lip and the orbicularis at the level of the 
vermilion cutaneous junction. The vessels branch from 
the facial artery just lateral to the oral commissure. These 
paired vessels create a circumoral vascular arcade that pro- 
vides the anatomic basis for the classic lip-switch proce- 
dures and other local myocutaneous flaps. Efforts should 
therefore be made to preserve the facial vessels when per- 
forming concomitant neck dissections. The arteries have 
accompanying veins that drain to the anterior facial veins. 

The lymphatics of the lips (Fig. 116.2) begin as a fine 
capillary network in the vermilion border and combine 
to form collecting trunks. The trunks from the upper lip 
and commissure drain first to the ipsilateral preauricu- 
lar, infraparotid, submandibular, and submental lymph 
nodes. No contralateral drainage occurs because the 
embryonic fusion plane of the central frontonasal process 
separates the lateral maxillary processes and their associ- 
ated neurovascular and lymphatic connections. The lower 
lip lymphatics drain first to the submental and subman- 
dibular nodes. Because the mandibular processes fuse in 
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Figure 116.1 Musculature of the lips. The orbicularis 
oris muscle is the sphincter lying within the lip and encir- 
cles the oral aperture. Numerous paired muscles of facial 
expression insert on its lateral deep surface to contribute 


to oral competence and the diversity of lip movement. 
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Figure 116.2 Lymphatic drainage of the 
lips. Lymphatic channels of the upper lip and 
commissure drain to the ipsilateral preauricu- 
lar, infraparotid, submandibular, and submen- 
tal lymph nodes. The lower lip lymphatics 
drain to both ipsilateral and contralateral 
submental and submandibular lymph nodes. 
The second nodal station for both lips is the 
upper deep jugular nodes and occasionally 
the middle deep jugular nodes. 
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the midline, numerous anastomoses cross the midline to 
drain bilaterally. Lower lip lymphatics also enter the men- 
tal foramen in 22% of patients. The second nodal station 
for both upper and lower lips is the upper deep jugular 
nodes (level Il) or occasionally the middle deep jugular 
nodes (level III). 


BIOLOGIC BEHAVIOR 


The age-standardized rate (ASR) of lip cancer varies accord- 
ing to gender, race, and geography. Around the world, lip 
cancer rates are highest in white males (1). In the United 
States, the ASR for white males is 2.5/100,000 per year com- 
pared to 0.3/100,000 per year for white females (2). South 
Australia has the highest ASR of lip cancer in the world: 
over 15/100,000 per year in men and 4/100,000 per year in 
women (3). Lip cancer is rare in Asia and in blacks (1,4,5). 
In the United States, for example, the ASR for both black 
males and females is 0.1/100,000 per year (2). The most 
common type of lip cancer is SCCA that is usually found 
on the lower lip in men. Basal cell carcinoma (BCCA) is 
the second most common malignancy and is found most 
frequently on the upper lip in women (6,7). Most cancers 
are found in individuals in their sixth to seventh decade of 
life (6-8). 

The etiology is multifactorial and includes prolonged 
exposure to ultraviolet radiation, use of tobacco, consump- 
tion of alcohol, poor dental hygiene, and low socioeco- 
nomic status (6-9). Actinic cheilitis, or actinic keratosis of 
the lip, is considered to be a premalignant condition that 
doubles the risk of lip SCCA (10,11). Immunosuppression 
also significantly increases the risk of lip cancer as evi- 
denced by higher rates in organ transplant patients. 
Unfortunately, both SCCA and BCCA arising in this setting 
are more aggressive in their behavior. Interestingly, fail- 
ure of a transplanted kidney with its attendant cessation 
of immunosuppression decreases the risk of lip cancer to 
baseline (12). 

Lip cancer is one of the most readily curable malignan- 
cies of the head and neck. When diagnosed at an early 
stage, 10-year cause-specific survival is as high as 98%, 
with a recurrence-free survival of 92.5% (13). The promi- 
nent location of the lips typically allows for early detection 
and treatment of this lesion. Characteristically, a history 
of crusting that bleeds on removal and a nonhealing blis- 
ter for several months to years has been noted. When left 
untreated, the tumor progresses to involve skin of the men- 
tum and alveolar mucosa. In advanced cases, mandibular 
bone, floor of the mouth, and tongue can be involved, 
which renders the patient an oral cripple. Metastasis to cer- 
vical nodes develops with advanced lesions, and ultimately 
distant metastasis occurs. In a retrospective study of 1,036 
patients with lip cancer (14), multivariate analysis yielded 
several prognostic factors predictive for significantly 
decreased determinate survival: patients with primary 
tumors larger than 3 cm, presence of cervical metastasis, 


poorly differentiated or undifferentiated histology, and 
involved surgical margins. The risk of cervical metastases 
is increased in large primary tumors (greater than 3 cm), 
particularly if the oral commissure is involved; locally 
recurrent tumors; tumors thicker than 5 mm; poorly dif- 
ferentiated histology; or if perineural invasion is present 
(15-18). 


CLINICAL EVALUATION 


Lip carcinoma should be readily recognized and diagnosed 
(see Table 116.2). Its early stages can be indolent and pro- 
tracted. As previously mentioned, the patient may present 
with a history of lower lip crusting that bleeds on removal 
or a nonhealing blister present for several months to years. 
Physical examination typically reveals an area of crusting 
with surrounding induration in an area of leukoplakia of 
the lower lip. In more advanced stages, a large bleeding 
mass may be present that can involve chin skin, the oral 
commissure, the upper lip, or the mandible. The integ- 
rity of the mental nerve must be evaluated even in early 
lesions, because tumor may track along the mental nerve 
and involve the mandible by direct extension, perineural 
invasion, or lymphatic spread into the mental foramen. 

The diagnosis is established by incisional biopsy, 
which should include part of the deep or lateral tumor 
margin. This allows the pathologist to determine the pat- 
tern of invasion and the presence of perineural invasion. 
Prophylactic antibiotics are not necessary for simple biop- 
sies (19). Ancillary radiographic studies such as a Panorex, 
computerized tomography (CT), and magnetic resonance 
imaging (MRI) are indicated when tumor is attached to 
the mandible or extends over the gingiva into a tooth root, 
when dentition is loose, or when hypesthesia of the mental 
nerve is present. Positron emission tomography (PET) res- 
olution is too imprecise to correctly define the extent of the 
tumor compared to CT or MRI. Ipsilateral enlargement of 
the mental nerve foramen is a sign of mandibular invasion 
via the mental nerve, and obliteration of fat in the mastica- 
tor space, in the pterygopalatine fossa, or along the man- 
dibular canal must be regarded as suspicious for tumor 
spread, even in the absence of gross osteolytic changes 
(20). An aggressive metastatic workup is not indicated in 
previously untreated lip carcinomas, because fewer than 
2% of patients have distant metastases at the time of initial 
evaluation (21). The staging of SCCA of the lip, as defined 
by the American Joint Committee on Cancer, is outlined in 
Table 116.1. 

Although 90% of lower lip malignancies are SCCA 
(22), it is important to keep in mind the differential diag- 
nosis of other nonhealing or ulcerative lesions of the lips, 
particularly when the clinical presentation is atypical for 
squamous cell cancer. BCCA is the second most common 
malignancy of the perioral region. Cancers of the upper 
lip are nearly always BCCA (6,14). It rarely arises on lip 
mucosa; rather, it involves the lip by direct extension of 


L539) STAGING OF SCCA OF THE LIP: 
Sh T-Sa I) PRIMARY TUMOR (T) 


T™ Primary tumor cannot be assessed. 

TO No evidence of primary tumor 

Tis Carcinoma in situ 

T1 Tumor <2 cm in greatest dimension 

T2 Tumor >2 cm but <4 cm in greatest dimension 

T3 Tumor >4 cm in greatest dimension 

T4a Moderately advanced local disease: Tumor invades 


through cortical bone, inferior alveolar nerve, floor of 
mouth, or skin of face (e.g., chin or nose). 

T4b Very advanced local disease: Tumor invades masticator 
space, pterygoid plates, or skull base and/or encases 
internal carotid artery. 


a perioral skin lesion. This is most commonly seen with 
sclerosing BCCAs. These tumors usually have a distinct 
clinical appearance of a pearly white nodule with central 
dimpling, although larger tumors may appear similar to 
squamous cell tumors. They grow very slowly, rarely metas- 
tasize to cervical lymph nodes, and when located near 
embryonic fusion planes tend to track deeply into the soft 
tissues along these planes. 

Overall, minor salivary gland tumors (MSGT) comprise 
less than 3% of all head and neck neoplasms, but the lips 
are the second most common site after the hard palate for 
the occurrence of MSGT (23). A neoplasm arising from the 
minor salivary glands typically presents as a smooth, firm, 
nonulcerated mass, very often involving the upper lip. 
However, when a MSGT presents on the lower lip, it is far 
more likely to be malignant. Overall, MSGT have about a 
25/75 distribution between benign and malignant, but on 
the lip, they are more likely to be benign due to the great 
preponderance of pleomorphic adenomas. The most com- 
mon malignant MSGT are mucoepidermoid and adenoid 


TABLE N DIAGNOSIS 


LIP CANCER 


116.2 


Diagnosis Symptoms and Signs 


Squamous cell 
cancer 
numbness 
BCCA 
perioral skin 
Minor salivary 
gland tumor 
Keratoacanthoma 
SCCA in appearance 


Nonhealing blister or recurrent crusting, lip induration, 
ulcer or mass for months to years, mental nerve 


Pearly nodule with central dimpling, upper lip, or 
Submucosal mass, usually upper lip 


Rapid growth then spontaneous regression, may mimic 
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cystic carcinoma (23,24). Other rare malignant lesions of 
the lips include melanoma, microcystic adnexal carcinoma, 
Merkel cell carcinoma, malignant fibrous histiocytoma, 
and malignant granular cell tumors. Keratoacanthoma is 
a benign self-limiting epithelial neoplasm that can mimic 
SCCA. It is commonly seen in patients aged 60 to 80 years. 
It has an initial rapid growth phase (over several weeks) 
to 1 to 2 cm in diameter and then stabilizes and sponta- 
neously regresses after several weeks to months. It occurs 
on the lips in 8.1% of cases, appearing as an ulcerated cir- 
cumscribed lesion with elevated or rolled margins, a kera- 
tinized central region, and an indurated base. It is firm in 
consistency, and the central keratin core can desquamate, 
leaving an ulcer. Diagnosis is established by incisional 
biopsy, which is reported to accelerate its involution (25) 
(Table 116.2). Excisional biopsy, sparing as much normal 
tissue as possible, is indicated for persistent or enlarg- 
ing lesions over several months, when SCCA cannot be 
excluded after previous incisional biopsies. 

Again, a high index of suspicion for tumor should 
prompt a biopsy in the face of an abnormal physical exam 
of the lip. Common signs and symptoms of actinic cheili- 
tis include dryness, atrophy, scaliness, swelling, erythema, 
ulceration, loss of distinction of the vermilion border, and 
the formation of transverse fissures (11). When any of these 
changes or leukoplakia or hyperkeratosis is seen, either as 
an isolated lesion or if the lesion progresses in size, biopsy 
is indicated. Other ulcerative inflammatory lesions involv- 
ing the lips, including viral stomatitis and the primary 
chancre of syphilis, can mimic lip carcinoma but are acute 
in onset, and the lip lesion heals spontaneously. 


MANAGEMENT 


The most efficacious treatment modality for lip carci- 
noma is one that allows adequate treatment of the primary 
tumor, appropriate management of cervical lymph nodes, 


Tests 


Panorex 
CT/MRI 
Biopsy 
Biopsy 


Biopsy 


Incisional biopsy 


CT, computed tomography; MRI, magnetic resonance imaging. 
From Baker SR, Krause CJ. Pedicled flaps in reconstruction of the lip. Facial Plast Surg 1983;1:68-69, with 


permission. 
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and successful reconstruction. The treatment plan should 
have the following goals: 


1. Extirpate all tissue involved with cancer, both at the pri- 
mary site and regional lymph nodes 

2. Maintain oral competence in terms of speech, mastica- 
tion, and retention of saliva 

3. Maintain satisfactory lip cosmesis 

4. Permit early rehabilitation and return to daily activities 


Surgery and radiation therapy are equally effective in con- 
trolling T1, T2, and T3 lesions, while T4 lesions require 
combined modality treatment (26-28). In a series of 323 
patients, of which 91% were T1 or Tcis treated primarily by 
surgery, cause-specific survival at 10 years was 98% (29). In 
a series of 158 stage I and II patients, 108 (68%) of whom 
were treated with surgery, and 50 (32%) of whom were 
treated with XRT; determinate survival rates were 95% for 
stage I and 90% for stage II without any difference between 
the treatment received (30). Another group reported on 
their 228 patients of whom 197 (86%) were treated only 
with surgery and 205 (90%) of whom were stage I and IL. 
Their actuarial disease-specific survival for all stages was 
92% at 5 years (22). A study of 256 stage I patients treated 
either with surgery (n = 90) or XRT (n = 166) found no 
difference between the two groups in local control or over- 
all survival rates; however, disease-free survival rates were 
higher for those treated with surgery (31). A very large 
European study of 1,870 patients looking at the effective- 
ness of brachytherapy showed 5-year local control rates of 
98% for T1, 97% for T2, and 90% for T3 lesions (27). In 
another set of 85 NO patients treated primarily with XRT, 
the actuarial 5-year survival rate was 97% with a locore- 
gional control rate of 93% in patients who had T1-T3 dis- 
ease (26). 

Patients with higher overall stages, and especially those 
with higher nodal stages, have a worse prognosis. In the 
series mentioned earlier with 5-year determinate survival 
rates of 95% for stage I and 90% for stage II, patients with 
stage III and IV lip cancers had a 37% 5-year determinate 
survival rate (30). In one series of 118 patients treated 
with surgery and post-op XRT as indicated, determinate 
5-year survival rates were 100% for stage I, 94% for stage 
Il, 67% for stage II, and 49% for stage IV. Not surpris- 
ingly, patients in stage IV also had the highest rate of 
recurrence (32). 

Radiation therapy is a low-risk noninvasive technique 
that avoids the potential complications associated with 
general anesthesia and surgical morbidity (Table 116.3). 
However, the treatment time is prolonged (as much as 
5 to 6 weeks for external beam XRT, 1 week for brachy- 
therapy), a whistle deformity may result from tissue loss 
and wound contracture with very large tumors, osteo- 
radionecrosis of the mandible may develop, and future 
reconstructive options may be limited. It is contraindi- 
cated as primary therapy in patients with definite bony 
involvement. Studies looking at the sequelae of XRT have 


TABLE 


COMPLICATIONS 
wil -ye 3) SE LIP CANCER 
Surgical 
Wound infection and dehiscence 
Incompetent oral sphincter 
Microstomia 
Poor cosmetic result 
Radiation 
Whistle deformity 
Osteoradionecrosis 


found that the majority of patients have good aesthetic 
and functional outcomes, especially with smaller or inter- 
mediate tumors (26,27), but the great difficulty with 
XRT as primary therapy (especially for larger tumors) is 
that when complications occur, surgical reconstruction 
becomes more difficult. Primary radiation therapy may 
be most useful in the treatment of commissure lesions 
due to aesthetic and reconstructive considerations in this 
setting (27). 

In the United States, surgical management is recom- 
mended for most patients. The oncologic, functional, 
and cosmetic outcome is usually excellent in early T stage 
disease, and the oncologic outcome is poor with primary 
radiation of advanced tumors, particularly when it is close 
to or involves the mandible. We prefer a combination of 
surgery and postoperative radiotherapy for stage III disease 
with high-risk features, stage IV disease, and for recurrent 
disease after primary surgical treatment. 

Vermilionectomy is indicated in Tcis, superficial car- 
cinoma limited to mucosa, or multicentric or premalig- 
nant lesions such as actinic cheilitis (10). The standard 
approach to surgical resection of the primary lip lesion is 
full-thickness excision and careful intraoperative frozen- 
section evaluation of the surgical margins. The appropri- 
ate margin around a T1 primary lip tumor is controversial. 
A study of 72 stage I and II patients reported a 2.8% local 
recurrence rate when a 3-mm margin of normal tissue was 
obtained and frozen-section margins were negative (33). 
When tumor margins were 2 mm or less, local recurrence 
was seen in 13% of patients, half of whom had received 
postoperative radiation therapy (34). Even with 5 to 
10 mm of seemingly normal tissue as a margin, 17 of 131 
(13%) T1-T3 patients had positive margins on frozen sec- 
tions, and 9 of 131 (7%) hada “close” margin in which the 
tumor was within 5 mm on permanent histologic exami- 
nation. Sixteen of the seventeen patients had T1 tumors 
(35). In T2 tumors, we advocate a 5- to 8-mm margin of 
normal tissue because tendency to underestimate margins 
is more common and reported local recurrence rates have 
been higher than anticipated. 

The primary goal of therapy is eradication of all tumor 
tissue, without limitation of extirpation for reconstructive 


considerations. More advanced tumors may require resec- 
tion of chin skin, mandibular bone, or oral cavity soft tis- 
sues to allow a 1- to 2-cm margin. Skin incisions should be 
planned so as to minimize the secondary deformity and to 
facilitate reconstruction but not at the expense of compro- 
mising tumor margins. BCCA should also be treated with 
margins of at least 4 mm to improve control rates (36). 
The importance of frozen section margin control and the 
achievement of negative margins in the treatment of can- 
cer cannot be overemphasized as it is well known that 
positive margins decrease locoregional control rates and 
may require the addition of another treatment modality 
(e.g., XRT). 

Mohs micrographic surgery is an accepted treatment 
for cutaneous carcinomas and is recommended as first- 
line therapy in the following settings due to superior cure 
rates: BCCA greater than 2 cm, SCCA greater than 1 cm, 
tumors at high risk for recurrence (tumors in the H-zone 
or embryonic fusion planes, tumors in immunocompro- 
mised patients, tumors with aggressive histologic features), 
tumors with indistinct clinical margins (e.g., morpheaform 
BCCA), and especially recurrent tumors (37). Looking spe- 
cifically at the performance of Mohs in the setting of lip 
carcinoma, two different studies with 5 years of follow-up 
have shown a recurrence rate of 3% for BCCA and 8% for 
SCCA (38,39). A metaanalysis of cutaneous, lip, and ear 
SCCA showed a 5-year local recurrence rate of 10.5% in 
7,022 patients treated with non-Mohs modalities versus 
2.3% in 952 patients undergoing Mohs micrographic sur- 
gery (40). However, in this study, electrodesiccation and 
curettage were also included in the non-Mohs modalities, 
and not every series included in the metaanalysis may have 
used frozen section control of the margins. In a study of 
599 facial BCCA lesions (lips n = 29) with 5-year follow- 
up comparing surgical excision with 3-mm margins and 
frozen section control against Mohs, there was not a sig- 
nificant difference between the two regarding recurrence of 
primary BCCA, but Mohs did show a statistically signifi- 
cant lower rate of recurrence in the treatment of recurrent 
BCCA (41). 

The management of regional lymph nodes in patients 
with lip carcinoma is controversial and requires a thor- 
ough understanding of the risk of nodal metastasis and 
the patterns of nodal spread. In contrast to other SCCAs 
of the oral cavity, lip carcinoma uncommonly metastasizes 
to regional lymph nodes. However, when nodal metas- 
tasis occurs, 5-year determinate survival is significantly 
decreased as discussed earlier. In fact, nodal disease is the 
single most important prognostic factor of survival in lip 
cancer (15). Regional nodal metastasis is present at the 
time of initial diagnosis in up to 15% of patients, and up 
to another 15% of patients will develop delayed nodal 
metastasis (15,30). Therefore, appropriate management of 
the neck in lip cancer requires separate decision making for 
clinically palpable disease versus occult metastatic nodal 
disease in the newly diagnosed, untreated patient. For 
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patients with recurrent disease, the cervical lymph nodes 
must be addressed. 

In patients with clinically palpable, suspicious lymph 
nodes, the rate of pathologically positive nodes ranges 
from 44% to 97% (15,17,42). If the primary tumor was 
on the lateral one-third of the lip, the ipsilateral nodes 
were involved 84% of the time and were limited to levels 
I to II (42). Bilateral or contralateral metastasis was seen 
3% to 14% of patients and was usually associated with 
larger tumors that crossed the midline of the lower lip 
(15,17,42). Neck dissection of the ipsilateral side alone is 
recommended if radiation therapy is planned postopera- 
tively and includes the contralateral, undissected, clinically 
NO neck. Indications for postoperative radiation therapy 
include a T3 or T4 primary tumor, a recurrent tumor, extra- 
capsular spread, metastasis in multiple levels or more than 
two nodes, or perineural invasion. A modified radical or 
radical neck dissection is performed for bulky (greater than 
3 cm) nodal disease in levels I/II, but a selective neck dis- 
section of levels I to II is oncologically sound if the nodes 
are freely mobile, and postoperative radiation therapy 
is used for extracapsular spread, more than two patho- 
logically positive nodes, or multiple levels are involved 
(15,30,43,44). 

Decision making for treating clinically NO necks is more 
complex. Sentinel node biopsy for lip cancer is slowly 
growing in usage, and it holds promise as in other oral 
cavity sites (45,46). Current studies will help to deter- 
mine its place in the treatment algorithm. T1 lesions 
rarely need the neck addressed, because the risk of nodal 
metastasis is approximately 3% (29). The risk for occult 
metastases increases with increased primary tumor size 
as evidenced in a large study of 617 patients: only 4% of 
T1/T2 patients had occult metastasis versus 23% of T3/T4 
patients (P < 0.001) (17). The likely location of possible 
occult metastases is determined by the lymph node drain- 
age basin of the primary lesion as described earlier. 

Our treatment philosophy is to perform ipsilateral 
selective neck dissection, levels I to II and contralateral 
level I in NO necks when a significant risk (20%) of occult 
metastasis is present and radiation therapy is not planned. 
As previously mentioned, there is a higher risk of cervical 
metastasis in primary tumors greater than 3 cm, particu- 
larly if the oral commissure is involved; locally recurrent 
tumors; tumors thicker than 5 mm; poorly differentiated 
histology; or if perineural invasion is present (15-17,30). 
We also perform ipsilateral selective neck dissection, levels 
I to Il] and contralateral level I when ipsilateral N1 disease 
is present, the contralateral neck is NO, and postoperative 
radiation therapy is not planned, or when reconstruction 
requires revascularized tissue transfer. Bilateral I to II SND 
can be performed for primary lesions greater than 3 cm 
crossing the midline, but neck dissection is unnecessary if 
postoperative radiation will be used to treat the primary 
site, because the neck can be included in the treatment 
fields. 
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LIP RECONSTRUCTION 


Lip reconstruction must be carefully considered when man- 
aging lip carcinomas and requires meticulous planning to 
achieve optimal functional and cosmetic results. The ideal 
reconstructive procedure should result in a lip that is sen- 
sate; has sphincter or muscle function that maintains a 
watertight continent seal; allows sufficient opening for food, 
dentures, and oral hygiene; and is aesthetically acceptable. It 
is not possible to satisfy all these criteria in every instance; 
therefore, reconstructive goals must be prioritized. The most 
critical component of successful reconstruction is oral conti- 
nence, which is a function of sensation and two sphincteric 
mechanisms oriented at right angles. The deep orbicularis 
and buccinator muscle interplay to create an axial force that 
seals the lips against the teeth, and the superficial orbicu- 
laris functions as a coronal sphincter, pursing and sealing 
the opposing lips (47). This complex relationship is best 
preserved when circumferential continuity of the orbicularis 
is maintained; however, larger defects often mandate alter- 
native solutions to avoid compromising oral aperture size. 

Multiple preoperative factors will influence reconstruc- 
tive plans including defect size, tissue laxity, and patient 
factors such as dentures. In addition, planned adjunctive 
surgery, which may affect vascular supply (e.g., neck dis- 
section), previous radiation therapy, or surgery, may com- 
promise vascularity and affect design or preclude pedicled 
flaps. To optimize reconstructive and oncologic results, it is 
best to employ a flexible game plan of lip repair, with mul- 
tiple options in mind, choosing the technique that best fits 
the final oncologic defect and the patient’s specific tissue 
characteristics. It is important to keep in mind priorities 
of structure, function, and form (in that order), realizing 
that satisfaction of all goals often requires more than one 
stage, particularly with regard to large or complex defects. 
If possible, incisions should be placed within the circum- 
oral relaxed skin tension lines (oriented radially), at bor- 
ders of lip subunits or at boundaries such as the melolabial 
crease and labiomental sulcus. Tattooing the white scroll 
at the vermilion border with a fine needle and methylene 
blue dye ensures accurate postoperative realignment of this 
aesthetically critical boundary. 


Partial-Thickness Defects 


Partial-thickness or mucosal loss at the vermilion only is 
most commonly encountered when vermilionectomy or 
lip shave is performed for diffuse premalignant or super- 
ficial malignant disease or preventatively in conjunction 
with primary tumor resection when actinic cheilitis is 
present in remaining lip tissue. The most commonly used 
method of reconstitution of lining involves submuco- 
sal dissection and advancement of labial buccal mucosa. 
Undermining is performed deep to minor salivary glands 
and superficial to the orbicularis oris muscle and labial 
artery, and it can be extended to the apex of the buccal 


sulcus to ensure tension-free redraping. Problems with this 
technique include thinning of lip, persistent deep red color 
of advanced mucosa (more of a problem for males), and 
potential inversion of hairs at the vermillion border with 
irritation. These drawbacks can be avoided with carbon 
dioxide laser lip shaves and mucosalization by secondary 
intention, although healing time requires 2 to 3 weeks. 
Other less commonly used two-stage techniques for vermil- 
lion mucosa replacement include bipedicle visor-type flaps 
from the undersurface of the opposing lip, ventral tongue 
flaps, and cross-lip mucosal flaps (48). Small vermilion 
deficiencies can be managed with V-Y advancement flaps. 

Small partial-thickness defects involving the lips are 
managed following basic principles of cutaneous surgery. 
Optimal reconstructive results are often achieved when the 
defect can be converted to a wedge or pentagonal defect 
oriented within relaxed skin tension lines. M-plasty is used 
when possible to avoid scars that cross the boundaries of 
the lip subunits. Extending resections through uninvolved 
vermilion and orbicularis often achieves better cosmetic 
results than A-to-T methods that create horizontal scars 
parallel to the mucocutaneous junction (48,49). 

Larger partial-thickness defects mandate consideration of 
lip subunits. Upper lip subunits include a central segment 
composed of the philtrum and philtral ridges and two trape- 
zoid-shaped lateral segments (50). The lower lip consists of a 
single subunit. Similar to principles of nasal reconstruction, 
absence of the majority of a subunit is often best repaired 
after excision of the remaining portion. Medial advance- 
ment of lateral upper lip skin is aided greatly by the excision 
of perialar crescents of skin and anchoring dermis to pyri- 
form periosteum deep to the ala. Partial-thickness defects of 
the central segment are amenable to full-thickness skin graft- 
ing or healing by secondary intention—with the intention 
of narrowing the philtrum as little as possible. Patients with 
flat, less distinct philtral columns may be an exception to 
this rule (47). Large cutaneous lateral defects are optimally 
resurfaced with V to Y island flaps or with inferiorly or supe- 
riorly based melolabial transposition flaps (Fig. 116.3). 


Full-Thickness Defects 


Isolated full-thickness defects of vermilion only (mucosa 
and orbicularis) are uncommon, but full-thickness defi- 
ciencies along the length of the vermilion are almost always 
present after extensive reconstructions with local or distant 
flaps. Several techniques have therefore been designed to 
address this issue. Small complete vermilion defects can be 
addressed with a full-thickness horizontal releasing inci- 
sion at the vermilion—cutaneous junction of the longer por- 
tion of the remaining lip (48). Vermilion is then advanced 
laterally into the defect. Another option is to convert the 
defect to a full-thickness wedge through the cutaneous lip. 
When extensive vermilion substance has been lost, a 
muscle-mucosal flap from the ventral surface of the tongue 
may be used. This flap is based posteriorly with the free 
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A: Large upper lip and cheek defect after Mohs resection of basal cell carcinoma. B: 
Design of V to Y island flap from nasolabial fold and cheek advancement. C: Appearance following 
flap inset. D: Result at 1 year following nasolabial fold revision. 
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Lower lip defect 


Defect <% of lip % to % of lip 


| ! 


Close primarily Full-thickness 
pedicled flap from 
upper lip or 
Karapandzic flap 


>% of lip 


Inadequate adjacent 
cheek tissue 


Adequate adjacent 
cheek tissue 


/  \ 


Does defect involve Midline defect Lateral defect Regional flap 
oral commissure? Distant flap 
Yes No Revascularized flap 
Estlander flap § Abbe’s flap Close with Full-thickness 
advancement flaps via nasolabial 
method of Burow, transpositional 
Bernard, or Webster flap 


Figure 116.4 Lower lip reconstruction. From Baker SR, Krause CJ. Pedicled flaps in reconstruction 
of the lip. Facial Plast Surg 1983;1:68-69, with permission. 


edge of the flap attached to the mucocutaneous border. Two 
to three weeks later, the pedicle is transected at the junction 
of the lateral and ventral tongue, retaining muscle for bulk 
and mucosa for vermilion reconstruction. This technique 
does not limit tongue mobility; however, the newly created 
vermillion has a pebbled surface (51). A better alternative 
for more extensive defects may be the facial artery musculo- 
mucosal (FAMM) flap (52). This axial flap containing buc- 
cal mucosa, submucosa, and a small amount of buccinator 
muscle is based on the facial artery as it courses through 
the cheek lateral to the buccinator muscle and medial to 
other muscles of facial expression. Inferiorly based FAMM 
flaps incorporate the facial artery as it enters the face at 


the anterior edge of the masseter muscle, whereas superi- 
orly based FAMM flaps are perfused retrograde through the 
angular artery. Both designs allow for a long thin flap to 
be harvested without compromise of viability—this both 
minimizes donor site morbidity and enables single-stage 
reconstructions of the entire vermillion. Bilateral and uni- 
lateral FAMM flaps have been used with particular success 
as adjuncts in total lip reconstruction for color and contour- 
appropriate replacement of vermilion deficiencies. 

The algorithms in Figures 116.4 and 116.5 outline an 
excellent general approach to upper and lower lip recon- 
struction (51). The relative proportion of total lip length 
that can be excised and closed directly without distortion 


Upper lip defect 


Defect <% of lip % to % of lip 


f/ \ 


Midline Lareral Full-thickness 
pedicled flap from 
lower lip or 
Karapandzic flap 


Perialar cheek 
excisions and 
primary closure 
by advancement 


Primary 
closure Does defect involve 


oral commissure? 


Yes No 


Estlander flap Abbe’s flap 


>% of lip 


Inadequate adjacent 
cheek tissue 


Adequate adjacent 
cheek tissue 


Temporal forehead flap 
Regional flap 
Revascularized flap 


Midline defect Lateral defect 


Close with 
advancement flaps _ nasolabial 

via method of transpositional 
Dieffenbach and flap 

Webster 


Full-thickness 


Figure 116.5 Upper lip reconstruction. From Baker SR, Krause CJ. Pedicled flaps in reconstruction 
of the lip. Facial Plast Surg 1983;1:68-69, with permission. 
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Figure 116.6 Primary closure of defects in the midline of the upper lip can be facilitated by excis- 
ing crescents of cheek skin in the perialar regions. An Abbe flap can be added in the midline if the 
wound closure is under excessive tension. 


varies between individuals and depends on overall lip 
length and tissue laxity. In general, one-fourth to one-third 
of the upper lip may be closed directly with larger lateral 
resections sometimes amenable to direct closure. Lower lip 
defects of one-third to one-half lip length may be closed 
primarily. Shield or V excision is usually adequate with 
closure in three layers (mucosa, muscle, skin) and meticu- 
lous reapproximation of the orbicularis and white scroll at 
the vermilion border on either side of the defect. 

In the lower lips, lateral advancement with incisions 
placed in the mental crease may be required when the 
defect base is broad. Every attempt should be made not 
to extend incisions beyond the mental crease to avoid a 
pointed chin deformity. Just as in partial-thickness defects, 
full-thickness advancement in the mesial upper lip is facili- 
tated by excising a crescent of cheek skin in the perialar 
region and anchoring the lateral flap to periosteum (53) 
(Fig. 116.6). This method is similar to that described by 
Diffenbach and Webster and lessens tension on remaining 
lip segments after primary closure (48). An Abbe flap may 


be used in the midline to replace the central subunit and 
prevent excessive tension on the wound closure. 


Defects of One-Third to Two-Thirds of the Lip 


The majority of these defects are amenable to closure using 
rotated or pedicled tissue from the opposing lip. Three pro- 
cedures constitute the majority of reconstructions in this 
group: the Karapandzic labioplasty, the Abbe cross-lip flap, 
and the Estlander cross-lip flap. Each method has advan- 
tages and disadvantages and individual surgeons favor dif- 
ferent techniques (48,54). 

The Karapandzic labioplasty, described in 1974, modi- 
fied older circumoral advancement techniques to preserve 
vascularity, sensation, and motor innervation to the lips. 
This single-stage reconstructive procedure has gained popu- 
larity to become the favored reconstructive method of many 
surgeons for moderate-sized defects (48). This technique 
(Fig. 116.7) is more commonly used for lower lip defects 
but can be applied to upper defects as well. Circumoral 
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Figure 116.7 The Karapandzic labioplasty. Circumoral skin incisions are made within the naso- 
labial and mental creases. The orbicularis oris muscle is bluntly dissected from supporting perioral 
muscles, taking care to preserve the neuromuscular pedicles, which enter from the periphery. The 
oral mucosa usually does not require transection. 


incisions are begun in the mental crease and carried around 
the oral commissures into the melolabial sulci. An impor- 
tant technical point is to maintain appropriate flap width 
in the area of the oral commissure. Flap width in this area 
must approximate the height of the lip portion, which it will 
replace after rotation. Incisions, therefore, cannot remain 
within the melolabial sulcus where it runs very close to the 
commissures. After incisions are carried through skin and 
subcutaneous tissue, the lateral border of the orbicularis 
oris muscle is mobilized from the other supporting peri- 
oral muscles to allow rotation of segments and tension-free 
closure. Blunt dissection of the muscle allows identification 
and preservation of the superior and inferior labial arter- 
ies and the neurovascular pedicles that enter the orbicularis 
muscle from its periphery. The underlying oral mucosa usu- 
ally does not require transection for mobilization. Flaps are 
rotated and advanced into their new positions and divided 
perioral muscles and reattached at appropriate positions 
along the repositioned lip. 

The advantages of the Karapandzic flap are its ease 
of design and the preservation of oral competence. 
Disadvantages include blunting of the commissures; cir- 
cumoral scars, which can be unsightly; and the potential 
for microstomia, which may preclude the use of dentures. 
One potential solution to microstomia is to initially recon- 
struct with this technique, accept temporary microstomia, 
and allow tissues to stretch with time and use, then perform 
a cross-lip procedure to improve oral opening (54,55). 

Abbe and Estlander flaps transfer full-thickness tissue 
between opposing lips pedicled on the labial artery. These 
techniques allow precise flap design, typically result in less 
microstomia than rotation flap reconstruction, and avoid 
circumoral incisions (54). Abbe flaps preserve the aestheti- 
cally important oral commissure but require a second stage 


for flap division. Additional disadvantages include dener- 
vation of tissue with variable reinnervation over time and 
the potential for pincushioning or trapdoor deformity in a 
lip segment surrounded by scars on three sides (56). The 
Abbe flap was originally designed to close medial defects, 
and it can be based either medially or laterally, depend- 
ing on the location of the defect and blood supply. There 
are several important points for consideration in Abbe flap 
design (Fig. 116.8). Flap height should equal the height 
of the defect. Flap width is classically designed to be one- 
half the width of the defect, but more modern approaches 
advocate reconstruction of upper lip subunit defects with 
like-size flaps from the lower lip when possible (50,56). 
Creation of the flap involves full-thickness incisions 
through all portions except the region of the pedicle, which 
consistently is found at the level of the vermilion border on 
the posterior surface of the orbicularis muscle just deep to 
the labial submucosa (57). The pedicle should be narrow 
to facilitate rotation, and extension of anterior incisions 
into the vermilion allows for more accurate alignment of 
vermilion borders. Because the pedicle does not contain an 
associated major venous structure, it is important to leave 
a fairly wide mucosal bridge posteriorly to allow venous 
return. The donor site defect and flap reconstruction 
should be closed in three layers, with careful alignment of 
both orbicularis muscle and vermilion. When an Abbe flap 
is designed from the upper lip, lateral lip tissue should be 
used with medial incisions placed on the philtral ridges to 
camouflage donor site closure (54). This closure is facili- 
tated by advancement of the lateral upper lip segment and 
excision of perialar crescents as described earlier. In gen- 
eral, cross-lip pedicles may be divided in 3 weeks. 

The Estlander flap uses the same techniques as the Abbe 
flap to create a flap based a narrow labial artery pedicle 
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A: Large recurrent upper lip arteriovenous malformation following previous lip 
wedge resections. Anticipated resection with planned Abbe flap design. B: Defect involving two- 
third of upper lip following lesion removal. C: Closure with Abbe flap and cheek advancement with 
peri-alar crescent removal. D: Appearance following Abbe flap division. 
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Figure 116.9 The superiorly based Estlander flap may be modified from its original description by 
designing the flap so that it lies within the nasolabial fold. 


approximately one-half of the defect size. One exception is 
that the anterior incision on the pedicle side is not carried 
into the vermilion. Superiorly based Estlander flaps should 
be modified to incorporate scars within the nasolabial 
fold (Fig. 116.9). Donor tissue is rotated around the oral 
commissure to the opposing lip, and therefore, this single- 
stage procedure is only applied to defects involving the 
commissure. This technique results in blunting of the oral 
commissure that, unlike the symmetric blunting of circum- 
oral advancement, is starkly contrasted by the unviolated 
opposing commissure. As a result, secondary commissuro- 
plasty is often performed to minimize this disparity. 


Defects Greater Than Two-Thirds of the Lip 


Lip reconstruction with locoregional tissue is favored if 
possible, particularly techniques that allow for salvage of 
dynamic muscle function and color-matched skin. Cross- 
lip flaps may be combined with lateral advancement flaps 
for larger central upper lip defects (Fig. 116.6), but this 
technique is not sufficient for total upper lip reconstruc- 
tion. Modified cheek flaps that preserve neurovascular 
structures and the original position of the oral commis- 
sures have been used with success in reconstruction of near 
total and total upper lip defects (58). The main disadvan- 
tage of this technique is large transverse scars that cross the 
cheeks. Bilateral superiorly based composite nasolabial 
flaps have also provided reasonable aesthetic and func- 
tional results (59). Free temporal scalp flaps based on the 
superficial temporal vessels have been used with some suc- 
cess to import hair-bearing tissue to restore male beard 
patterns and provide camouflage (60). A major disadvan- 
tage of this technique is the lack of innervated tissue. 


Relatively large lower lip defects can be managed with 
Karapandzic circumoral rotation flaps followed by cross- 
lip flaps as previously described. Extended Karapandzic 
flaps and bilateral Karapandzic flaps have also been used 
with success for total and subtotal lower lip defects, pro- 
vided tissue inferior and lateral to the oral commissures 
has been spared (61). Buccal advancement flaps allow for 
mucosal restoration. 

Midline lower lip defects may be corrected by using any 
of several modifications of the Bernard repair, which essen- 
tially uses full-thickness advancement flaps of adjacent 
cheek tissue. These techniques have the advantage of single- 
stage reconstruction with innervated flaps but frequently 
result in a tight lower lip with poor function (48,54,62). The 
Webster modification of the Bernard cheiloplasty employs 
Burow triangles whose medial vertical limbs lie within the 
melolabial fold (Fig. 116.10). The width of the base of the 
triangles is calculated so that the distance from the oral 
commissure to the lateral portion of the base equals one- 
half the width of lip tissue excised. Skin and subcutaneous 
tissue only are excised from the triangles, and incisions are 
deepened along its base, identifying and preserving the 
neurovascular supply to the orbicularis oris and buccina- 
tor muscles. A mucosal flap based on the superior margin 
of the cheek flap is elevated to create a new vermilion ora 
tongue flap may be employed. Usually, incisions through 
skin and muscle are required around the mental crease, 
with Burow triangles strategically placed in the submental 
area to allow sufficient advancement of the cheek flaps. 

Full-thickness inferiorly based nasolabial flaps have 
been used to reconstruct subtotal lower lip defects (54). 
The disadvantage of this technique is that the flaps are 
not innervated, and in raising the flaps, the upper lip is 
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Figure 116.10 Webster modification of Bernard cheiloplasty. Cross-hatched area denotes muco- 
sal flap used to create new vermilion (see text). 


usually denervated. To avoid this complication, total lower 
lip reconstruction with skin only nasolabial flaps has been 
described with good aesthetic results and preservation of 
oral competence (63). Consistent functional reconstruc- 
tion of total and subtotal defects has also been described 
using musculocutaneous island flaps based on the facial 
artery and innervated depressor anguli oris (DAO) muscle 
(62). Similarly, an unequal double Z-plasty transferring 
the DAO and platysma has been utilized with success, 
achieving sensation, sphincter function, and acceptable 
cosmesis (64). 

Defects involving the entire lower lip and adjacent soft 
tissue of the cheek or chin require reconstruction with dis- 
tant flaps. A variety of axial or myocutaneous flaps, particu- 
larly the pectoralis myocutaneous flap, have been utilized 
for extensive reconstructions, but variable flap bulk, infe- 
rior tension, and the lack of sensory reinnervation resulted 
in less consistent outcomes than those provided by free tis- 
sue transfer. 

The composite radial forearm free flap with palmaris lon- 
gus tendon has yielded reliable reconstructive results and 
remains the most commonly employed method (65-67). 
The skin paddle is folded over the palmaris longus tendon 
(or harvested fascia lata when palmaris is absent) to pro- 
vide internal and external lip lining. The tendon ends are 
suspended superiorly to attain lip support and function. 
Various tendon inset methods described include fixation to 
orbicularis muscle at the modiolus, circumferential tunnel- 
ing within the remaining lip, and attachment into medial 
upper lip orbicularis or tendon suspension to zygomatic 
arch periosteum (68). Although all described methods 
reportedly yield competence, long-term dynamic function is 


difficult to achieve and often elusive in the face of postop- 
erative radiation (which is often required) (67). One prom- 
ising alternative is to attach palmaris longus or fascia lata 
suspensions to bilateral orthodromic temporalis tendon 
transfers (TTTs), providing long-term support and dynamic 
voluntary closure. Experience using TIT in facial reanima- 
tion including bilateral facial paralysis has demonstrated 
long-term support and dynamic control of the lower lip 
(Fig. 116.11). 

To facilitate sensory recovery, the lateral antebrachial 
cutaneous nerve can be neurotized to the stump of the 
mental or inferior alveolar nerve (69). The vermilion can 
be established on a deepithelialized segment of the fore- 
arm flap using a facial artery myomucosal flap as described 
eatlier or with mucosal flaps from the tongue, upper lip, 
or cheek (52,65,66). Medical tattooing has also been used 
with acceptable results. 

Anterolateral thigh flaps and free innervated graci- 
lis flaps have also been utilized with success in lower lip 
reconstruction. While the former has become a dominant 
reconstructive flap at many centers due to its minimal har- 
vest site morbidity and abundant available tissue, variable 
thickness, less favorable color match, and perforators less 
tolerant of aggressive suspension have maintained radial 
forearm dominance in this subsite. Innervated gracilis 
flaps have shown significant promise with advantages of 
true dynamic function mediated by facial nerve branches 
and better color match when external full-thickness skin 
grafts are employed (70,71). Despite reported successes, 
experience with this technique has been limited, and per- 
formance in the face of extensive mucosal defects and post- 
operative radiation has not been established. 
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A: Advanced lower lip squamous cell carcinoma with mandibular invasion. B: 
Composite defect following resection and margin clearance involving total lower lip and one-third 
upper lip, commissures and medial cheek, anterior mandible, floor of mouth chin, and central neck. 
C: Mandibular reconstruction with fibula segments. D: Radial forearm free flap secured to intraoral 
fibula paddle and suspended with tunnelled fascia lata graft secured to bilteral orthodromic tempo- 
ralis tendon transfers (prolene sutures). 
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(Continued) E: Defect closed after 
cheek and neck advancement, fibula and radial fore- 
arm free flaps. F,G: Oral competence and dynamic 
closure 9 months after completion of postoperative 
radiation therapy. 
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When the anterior mandibular arch has been resected 
along with the lower lip, vascularized osteomyocutane- 
ous flaps allow for immediate single-stage reconstruction 
with cosmetically and functionally acceptable results. The 
flap selected is dependent on bone and soft tissue require- 
ments. For anterior mandible and lip alone, an osteocuta- 
neous radial forearm or fibular flap is an option, whereas 
larger defects may require use of scapular flap or more 
commonly two separate free flaps (e.g., fibula and radial 
forearm). In the latter case, the fibula flap provides inter- 
nal lining (e.g., buccal, floor of mouth, tongue), while the 
forearm is utilized for lip and additional external coverage 
(Fig. 116.11). Anterolateral thigh flaps have the advantage 
of providing greater coverage and may be superior for mas- 
sive external defects. 


COMPLICATIONS 


Complications of radiation therapy, as discussed previ- 
ously, include a prolonged treatment time, with delayed 
rehabilitation; a whistle deformity from tissue loss and 
scar contracture with large tumors, which may require 
secondary reconstruction; osteoradionecrosis of the man- 
dible; and limitation of future reconstructive options. 
Surgical complications include those associated with gen- 
eral anesthesia, neck dissection, and wound infection and 
dehiscence. In regard to lip reconstruction, complications 
include fistula, an incompetent oral sphincter, microsto- 
mia, or poor cosmetic result. To avoid these complications, 
the surgeon must thoroughly understand the biologic 
behavior of lip carcinoma and its management principles 
and must carefully plan and meticulously execute the 
reconstructive option chosen. 


EMERGENCIES 


There are very few situations in which patients with lip 
carcinoma require emergent intervention (Table 116.4). 
As previously mentioned, lip carcinoma is usually a slow- 
growing lesion and is usually diagnosed relatively early. 
Large tumors involving the tongue and the floor of the 
mouth may cause airway problems when general anesthe- 
sia is required; this is readily managed by initial trache- 
otomy under local anesthesia. Patients with large tumors 
may be malnourished, in part due to oral incompetence; 
adequate preoperative nutritional assessment is important 
when major resection and reconstructive procedures are 
contemplated. 


TABLE gr EMERGENCIES 
im LIP CANCER 


116.4 


Airway compromise with large tumors 


m The lips are important functionally in maintaining 


oral competence and aesthetically by contributing 
to appearance and facial expression. The lips are 
characterized by the vermilion, or that lip mucosa 
that contacts the opposite lip mucosa. 


= The orbicularis oris muscle serves as the oral sphincter 


and is innervated by branches of the facial nerve. The 
blood supply is from the labial branches of the facial 
artery. Sensation is provided by the paired mental nerves. 
Lymphatic drainage from the lower lip is to the sub- 
mental and submandibular nodes bilaterally; the 
upper lip drains to the ipsilateral parotid and sub- 
mandibular nodes. 

Lip carcinoma is the most common malignancy of 
the oral cavity. As a rule of thumb, 90% are SCCA, 
90% occur on the lower lip, and the overall 5-year 
determinate survival rate is 90%. Sunlight is thought 
to be the principal etiologic factor in its development. 


m The diagnosis is established by biopsy but is sug- 


gested by a history of recurrent crusting or a non- 
healing area of lip induration noted over several 
months. With a high index of suspicion, lip carci- 
noma is easily diagnosed and successfully managed 
if treated in its early stages. 

Surgery and radiation therapy are equally effica- 
cious for lesions less than 3 cm. Surgery is preferred, 
because it offers the advantages of tumor margin 
assessment, rapid rehabilitation through immedi- 
ate reconstruction, and avoidance of radiation com- 
plications. For advanced lesions, surgery combined 
with postoperative radiation therapy is indicated. 
Indicators predictive of poor outcome are large 
primary tumors, mandibular involvement, mental 
nerve involvement, cervical node metastases, recur- 
rent disease, and undifferentiated histology. 


m The goal of lip reconstruction is to provide the 


patient with a sensate innervated lip that functions 
as a competent oral sphincter of adequate size while 
remaining aesthetically acceptable. Successful recon- 
struction requires careful preoperative planning and 
meticulous execution of the appropriate technique. 
Defects of less than one-third of the upper lip and one- 
half of the lower lip can be closed primarily. Defects 
of one-third to two-thirds of the lip can be closed with 
an Abbe-Estlander flap or Karapandzic labioplasty. 
Both techniques require an intact labial artery. 


m When the entire lip or surrounding soft tissue 


or mandibular bone is resected, reconstruction 
requires a distant flap. The ideal technique uses 
revascularized fasciocutaneous or osteomyocutane- 
ous composite flaps, which can be done in a single 
stage for immediate reconstruction. 
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Neck Dissection 


Jesus E. Medina 


Any student of neck dissection must understand the vascu- 
lar supply of the skin of the neck and the anatomic char- 
acteristics and relationships of certain structures that are 
encountered within the course of performing a neck dis- 
section. 


Vascular Supply to the Skin of the Neck 


To avoid complications such as wound breakdown, skin 
flap necrosis, and exposure of the carotid artery after neck 
dissection, the incisions must be placed correctly. 

The skin of the anterior lateral aspect of the neck is sup- 
plied by descending branches of the facial, submental, 
and occipital arteries and by ascending branches of the 
transverse cervical and suprascapular artery (Fig. 117.1). 
These arterial branches anastomose, forming a superficial 
network of vessels that runs predominantly in a vertical 
direction. Although some or all the main arteries or their 
perforating branches may be ligated or divided during a 
neck dissection, the superficial, predominantly vertical, 
vascular plexus must remain intact to ensure adequate 
blood supply to the skin flaps. Thus, the incisions in the 
neck that are more likely to safeguard the blood supply 
to the skin flaps are the single transverse incision in the 
mid portion of the neck, the superiorly based apron-like 
incision from mastoid to mentum for combined neck dis- 
section with intraoral procedures (Fig. 117.2A), and the 
apron-like incision used when a neck dissection is per- 
formed in conjunction with a laryngectomy (Fig. 117.2B). 

The Y incision and the double-Y incision jeopardize 
the blood supply to the inferior and middle skin flaps, 
respectively, and suffer from placing a trifurcate incision 
over the carotid artery (Fig. 117.2C and D). The modifi- 
cation of the Schobinger incision creates a long anterior 
medial flap, the tip of which may necrose as a result of the 
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limited ascending blood supply (Fig. 117.2E). The MacFee 
double transverse incision transects the ascending and 
descending blood supply to the central portion of the flap 
(Fig. 117.2F). This flap, however, usually fares well even in 
the previously irradiated patient. 


Platysma Muscle 


Located in the anterolateral aspect of the neck, the pla- 
tysma is a wide, quadrangular, sheet-like muscle that 
extends obliquely from the upper chest to the lower 
face. This muscle, a remnant of the panniculus carnosus, is 
located immediately deep to the subcutaneous tissue and 
thus provides an easily identifiable plane to raise skin flaps 
during neck surgery. In most neck dissections, flaps are 
elevated by dissecting in a plane immediately deep to the 
platysma; however, when the extent of the disease is such 
that the platysma must be left attached to the specimen, 
flaps can be elevated easily in a plane immediately superfi- 
cial to this muscle. The beginning head and neck surgeon 
must remember that, because of its oblique direction, the 
platysma does not cover an inferiorly based triangle in the 
anterior aspect of the neck and most of the posterolateral 
aspect of the neck. Here, flaps must be elevated in a subcu- 
taneous plane created by the surgeon. While making the 
incisions for a neck dissection and elevating the skin flaps, 
it is helpful to remember that the posterior border of the 
platysma is either over or slightly anterior to the external 
jugular vein and the greater auricular nerve. 


Marginal Mandibular Branch 
of the Facial Nerve 


Identifying the marginal mandibular branch is essential 
to perform an adequate excision of the lymph nodes in 
the submandibular triangle. The practice of ligating the 
anterior facial vein low in the submandibular triangle and 


1807 


1808 Section VII: Head and Neck Surgery 


Facial a. 


Occipital a. A IN REG (A 3 Za) 


Transverse cervical a. 


Suprascapular a. 


Figure 117.1 Vascular supply of the neck 
skin. (Adapted from Freelend AP, Rogers JH. 
The vascular supply of the cervical skin with 
reference to incision planning. Laryngoscope 
1975;85:714, with permission.) 


retracting it superiorly to “protect the marginal branch” can 
also result in elevation of the prevascular and retrovascular 
lymph nodes, thus precluding their appropriate removal. 
When indicated, it is preferable to identify the nerve and 
thoroughly remove these lymph nodes. 

The nerve can be identified about 1 cm in front of and 
below the angle of the mandible by incising the superficial 
layer of the deep cervical fascia that envelops the subman- 
dibular gland, immediately above the gland, in a direction 
parallel to the direction of the nerve. The incised fascia 
then is gently pushed superiorly, exposing the nerve that 
lies deep to it but superficial to the adventitia of the ante- 
rior facial vein. The submandibular retrovascular lymph 
nodes are usually near the nerve and must be carefully dis- 
sected away from it. As this is done, the facial vessels are 
exposed and can be divided. 


Spinal Accessory Nerve 


Below the jugular foramen, the external branch of the spi- 
nal accessory nerve is located medial to the digastric and 
stylohyoid muscles and lateral or immediately posterior to 


the internal jugular vein (IJV). Occasionally, the uppermost 
portion of the nerve is posteriomedial to the vein. From 
here, the nerve runs obliquely downward and backward to 
reach the medial surface of the sternocleidomastoid muscle 
(SCM) near the junction of its superior and middle thirds 
(two to three finger breadths below the tip of the mastoid). 
Although the nerve can continue its downward course 
entirely medial to the muscle (18%), more commonly, it 
traverses and appears in the posterior border of it (82%) 
(1). Here, the nerve is always located above the point where 
the greater auricular nerve turns around the posterior bor- 
der of the SCM, also known as Erb point (2). The mean 
distance between Erb point and the spinal accessory nerve 
is 10.7 mm, SD + 6.3. It then runs through the posterior 
triangle of the neck and crosses the anterior border of the 
trapezius muscle. The mean distance between this point 
and the clavicle is 51.3 mm, SD + 17 (2). Two anatomic 
characteristics of this portion of the nerve are relevant to 
avoid injuring it in the course of a neck dissection. First, 
the spinal accessory nerve is located rather superficially as 
it courses through the middle and low posterior triangle of 
the neck, and it can be easily injured while elevating the 


Figure 117.2 Neck dissection incisions. A: 
D: Martin. E: Babcock and Conley. F: MacFee. 


posterior skin flaps. Second, the nerve does not enter the 
trapezius muscle at the anterior border of it but courses 
along the deep surface of the muscle in close relationship 
with the transverse cervical vessels. Therefore, isolating the 
nerve to the level of the anterior border of the trapezius 
does not ensure its preservation during surgical dissection 
below this point, particularly in a bloody operative field. 


Nerve to the Levator Scapulae Muscle 


The levator scapulae is a triangular muscle located deep in 
the lateral aspect of the neck, anterior and medial to the 
splenius capitis muscle. It extends from the transverse pro- 
cess of the atlas and the next three cervical vertebrae to the 
superior angle and the spine of the scapula. The action of 
levator scapulae is to raise the medial angle of the scapula 
and incline the neck to the corresponding side with rota- 
tion of the neck in the same direction. With the trapezius 
muscle, the levator scapulae makes a shrug possible. 

The nerves to the levator scapulae, which vary in number 
from 1 to 3, branch off the fourth and fifth cervical nerves 
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Latyschevsky and Freund. B: Freund. C: Crile. 


and travel posteriorly and inferiorly. They cross the anterior 
border of the levator scapulae and remain on the surface of 
the muscle for a short distance. The nerves to levator scapu- 
lae are under the fascia of this muscle; thus, in the course of 
any neck dissection, but especially in a radical neck dissec- 
tion (RND) or a modified radical neck dissection (MRND), 
it is crucial to keep the plane of dissection superficial to the 
fascia of the levator in order to preserve these nerves. The 
dorsal scapular nerve is inconsistent in its anatomic relations 
in the posterior triangle of the neck and contributes to the 
innervation of the levator scapulae in a minority of cases (3). 

Because one of the functions of the levator is to draw 
the scapula and the shoulder upward and medially, inad- 
vertent or unnecessary resection of the nerves to it during 
an RND may add to the resulting deformity and functional 
disability of the shoulder. 


Thoracic Duct 


At the base of the neck, the thoracic duct is located medial 
to and behind the left common carotid artery and the 
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vagus nerve. From here, it arches upward, forward, and 
laterally, passing behind the IJV and in front of the ante- 
rior scalene muscle and the phrenic nerve. It then opens 
into the IJV, the subclavian vein, or the angle formed by 
the junction of these two vessels. The duct is anterior and 
medial to the thyrocervical trunk and the transverse cer- 
vical artery. Precise knowledge of these anatomic relation- 
ships is important to avoid injuring the duct during a neck 
dissection. It is even more important when the surgeon is 
called on to search for and repair a chyle leak during or 
after a neck dissection. To prevent a chyle leak, the surgeon 
also must remember that the thoracic duct may be mul- 
tiple in its upper end and that at the base of the neck it 
usually receives a jugular, a subclavian, and usually other 
minor lymphatic trunks, which must be ligated or clipped 
individually. 


Fascial Compartments of the Neck 


The deep cervical fascia of the neck is divided into three 
layers: superficial, middle, and deep (Fig. 117.3). The 
superficial or investing layer surrounds the entire neck. It 
arises from the vertebral spinous processes and the liga- 
mentum nuchae and encircles the entire neck to attach 
itself again to the spinous processes on the opposite side. 
This fascia divides to enclose the trapezius muscle. At the 
anterior border of this muscle, the two layers fuse into a 
single layer that crosses the posterior triangle of the neck. 
It divides again to surround the inferior belly of the omo- 
hyoid muscle and the sternomastoid muscle. At the lateral 
border of the strap muscles, it sends fibers between them 
before fusing in front of them as it extends onto the other 
side of the neck. This fascia also envelops the submandibu- 
lar and parotid glands. 


Sternocleidomastoid m. 


Common carotid a. 
Internal jugular v. 


Carotid sheath 


Figure 117.3 Layers of the cervi- 
cal fascia. 


The middle layer of the deep cervical fascia, also called 
the visceral fascia, surrounds the visceral structures of the 
anterior portion of the neck. The deep layer of the deep 
cervical fascia or prevertebral fascia surrounds the deep 
muscles of the neck. Among them, it covers the splenius 
capitis, the levator scapulae, and the scalene muscles. It 
extends onto the other side of the neck, covering the pre- 
vertebral muscles. 

The carotid sheath encircling the jugular vein, common 
carotid artery, and vagus nerve is formed by all layers of the 
deep cervical fascia. The carotid sheath originates superi- 
orly at the jugular foramen, where it attaches to the skull 
base. It then follows the course of the vessels, traversing the 
anterior cervical triangle and extending inferiorly into the 
thoracic inlet. 


Lymphatics of the Neck 


The lymph node regions of the neck are shown in 
Figure 117.4. The six levels currently used encompass the 
complete topographic anatomy of the neck. The concept of 
sublevels has been introduced into the classification since 
certain zones have been identified within the six levels, 
which may have clinical significance. 

Level I is divided in two sublevels: sublevel LA (submen- 
tal), which includes the lymph nodes within the triangle 
bound by the anterior bellies of the digastric muscles and 
the mylohoid muscle, and sublevel IIB (submandibular), 
which includes the lymph nodes with the boundaries of 
the triangle formed by the anterior and posterior bellies of 
the digastrics and body of the mandible. 

Level II (upper jugular) includes the lymph nodes 
located around the upper third of the IV and adjacent 
spinal accessory nerve extending from the level of the 


Thyroid cartilage 


Superficial layer of 
deep cervical or 
“investing’’ fascia 


Prevertebral 
fascia 


Trapezius m. 


skull base to the level of the inferior border of the hyoid. 
The anterior/medial boundary is the stylohyoid muscle 
(the radiologic correlate is the vertical plane defined by 
the posterior surface of the submandibular gland), and 
the posterior (lateral) boundary is the posterior border 
of the SCM. Two sublevels are recognized in level II: sub- 
level IIA contains nodes in the region anterior to the spi- 
nal accessory nerve (SAN) and sublevel IIB contains nodes 
posterior to the SAN. 

Level III (midjugular) includes the lymph nodes located 
around the middle third of the IJV extending from the infe- 
rior border of the hyoid bone to the inferior border of the 
cricoid cartilage. The anterior/medial boundary is the lat- 
eral border of the sternohyoid muscle, and the posterior/ 
lateral boundary is the posterior border of the SCM. 

Level IV (lower jugular) encompasses the lymph nodes 
located around the lower third of the JV extending from 
the inferior border of the cricoid cartilage to the clavicle. 

The anatomic boundary that separates the medial border 
of levels III and IV from the lateral border of level VI has tra- 
ditionally been the lateral border of the sternohyoid mus- 
cle, a landmark that cannot be easily discerned on imaging 
studies. Therefore, the medial aspect of the common carotid 
artery has been suggested as an alternate boundary to sepa- 
rate these levels in an axial plane in imaging studies (4). 

Level V (posterior triangle) comprises predominantly 
of the lymph nodes located along the lower half of the 
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Figure 117.4 Lymph node regions of the neck. 


spinal accessory nerve and the transverse cervical artery. 
The supraclavicular nodes are also included in posterior 
triangle group. The superior boundary is the apex formed 
by convergence of the sternocleidomastoid and trapezius 
muscles, the inferior boundary is the clavicle, the ante- 
rior boundary is the posterior border of the SCM, and the 
posterior boundary is the anterior border of the trapezius 
muscle. A horizontal plane marking the inferior border of 
the anterior cricoid arch separates two sublevels. Sublevel 
VA, above this plane, includes the spinal accessory nodes. 
Sublevel VB, below this plane, includes the nodes that fol- 
low the transverse cervical vessels and the supraclavicu- 
lar nodes with the exception of Virchow node, which is 
located in level IV. 

Level VI (anterior compartment): Lymph nodes in this 
compartment include the pre- and paratracheal nodes, 
precricoid (delphian) node, and the perithyroidal nodes 
including the lymph nodes along the recurrent laryngeal 
nerves. The superior boundary is the hyoid bone, the infe- 
rior boundary is the suprasternal notch, and the lateral 
boundaries are the common carotid arteries. 

Other lymph node groups: Lymph nodes involving regions 
not located within these levels should be referred to by 
the name of their specific nodal group; examples of these 
are the superior mediastinum, the retropharyngeal, the 
periparotid, the buccinator, the postauricular, and the 
suboccipital lymph nodes. 


1812 


Section VII: Head and Neck Surgery 


TABLE 
yy) AND THERAPEUTIC RNDs 


PERCENTAGE OF METASTATIC LYMPH NODES INVOLVED IN ELECTIVE 


Primary Site 

Level of Oral Cavity Oropharynx Hypopharynx Larynx 
Metastatic 
Lymph Nodes Elective Therapeutic Elective Therapeutic [Elective Therapeutic [Elective Therapeutic 

I 58 61 7 17 0 10 14 8 

Il 51 57 80 85 75 78 52 68 

lll 26 44 60 50 75 75 55 70 

IV 9 20 27 33 0 47 24 35 

Vv 2 4 7 11 0 11 7 5 


Modified from Shah JP. Patterns of cervical lymph node metastasis from squamous carcinomas of the upper aerodigestive tract. Am J Surg 


1990; 160(4):405-409. 


Patterns of Lymph Node Metastases 


Lindberg first described the clinical pattern of cervical 
metastases for various primary sites in 1972 (5). Shah (6), 
in 1990, examined the distribution of nodal metastases in 
1,119 RNDs performed both electively and therapeutically 
for squamous cell carcinoma (SCCA) of the oral cavity, 
oropharynx, hypopharynx, and larynx. He found a consis- 
tent distribution of cervical metastases (Table 117.1). The 
majority of metastases from cancer of the oral cavity were 
found in lymph nodes in levels [, IL, and Il. On the other 
hand, most metastases from carcinomas of the orophar- 
ynx, hypopharynx, and larynx were found in levels IL, UL, 
and IV. The lymph nodes in level V were not involved in 
the absence of metastases at other levels. 

The significance of other lymphatic groups, such as the ret- 
ropharyngeal lymph nodes (RPLNs) and paratracheal nodes, 
has also been characterized (7). Metastases to the RPLNs can 
occur with SCCA of the hypopharynx, tonsil, soft palate, pos- 
terior and lateral oropharynx, nasopharynx, and supraglottis. 

Metastases from cancers of the larynx can occur to the 
paratracheal lymph nodes (PTLNs). In a study of 91 selected 
patients with carcinoma of the larynx who underwent 
PTLN dissection, Weber et al. (8) found that metastases 
to these lymph nodes occurred primarily in patients with 
subglottic and transglottic tumors, but they also occurred 
in patients with glottic tumors. In a prospective study of 
45 patients with advanced glottic cancers, who underwent 
bilateral paratracheal node dissection as part of their treat- 
ment, Shenoy et al. (9) found metastases in the ipsilateral 
paratracheal nodes in 4% of the cases and contralateral 
metastases in 2%. Failure to address the paratracheal nodes 
for laryngeal cancer is a known cause of stomal recurrence. 


PHYSIOLOGY 


The trapezius is a fan-shaped muscle composed of upper, 
middle, and lower segments, each of which functions in a 
different but complementary manner. The trapezius and the 


other muscles that insert on the scapula stabilize and con- 
trol the shoulder girdle during arm movement. The leva- 
tor scapulae acts synergistically with the upper division of 
the trapezius to elevate the scapula; the rhomboid assists 
the middle part of the trapezius in retracting and stabilizing 
the scapula against the posterior thoracic cage. The simulta- 
neous action of the upper and lower divisions of the trape- 
zius muscle results in a unique rotatory action of the scapula. 
The upward rotation of the scapula, in combination with 
abduction of the arm at the glenohumeral joint, permits 
elevation of the arm beyond 90 degrees at the shoulder level. 

As is discussed in detail later in this chapter, paralysis 
of the trapezius muscle causes a syndrome characterized 
by weakness and deformity of the shoulder girdle, usually 
accompanied by pain. 


DIAGNOSTIC EVALUATION 


Clinical Examination 


Clinical examination of the neck by palpation is not uni- 
formly reliable in the detection of cervical lymph node 
metastases, particularly of lymph nodes minimally involved 
by the tumor. The reported error rate in assessing the pres- 
ence or absence of cervical lymph node metastases by pal- 
pation ranges from 20% to 50%. The factors responsible for 
this variation are not only the ability and experience of the 
examiner but also the patient’s habitus and previous treat- 
ment to the neck with surgery or radiation therapy. With the 
advent of modern imaging techniques, it was hoped that 
the clinician would not have to rely solely on clinical exam- 
ination to make decisions in the treatment of the neck. 


Imaging Studies 


Using the histologic demonstration of metastasis in a 
lymph node as the gold standard, several studies have 
shown that ultrasonography (US), computed tomogra- 
phy (CT), and magnetic resonance imaging (MRI) have a 


higher sensitivity and specificity than clinical examination 
in the detection of metastases in lymph nodes. In a pro- 
spective study of 48 patients who were to undergo neck 
dissection, Haberal et al. (10) found that the sensitivity 
and specificity of palpation for the detection of metastases 
in the lymph nodes were 64% and 85%, respectively, while 
the corresponding values were 72% and 96% for US and 
81% and 96% for CT. Adams et al. (11) reported similar 
results for US and CT; in addition, they reported a sensitiv- 
ity of 80% and a specificity of 79% for MRI. What these 
observations indicate is that a “negative” US, CT, or MRI of 
the neck cannot be relied to withhold elective treatment of 
the cervical lymph nodes, since they cannot detect metas- 
tases in 19% to 28% of the patients staged clinically NO. 
Obviously the imaging criteria used to diagnose metastasis 
in a lymph node are not absolutely reliable. The imaging 
criterion used most often to consider a cervical node suspi- 
cious for metastasis is size larger than 1.5 cm in maximum 
diameter for nodes located in levels I and II and larger than 
1 cm for nodes in other regions of the neck (12). Although 
a correlation exists between the size of a lymph node and 
the presence of histologic metastasis (Table 117.2), it is 
clear that not all enlarged lymph nodes contain meta- 
static deposits and that nodes smaller than 1 or 1.5 cm 
can indeed contain metastases. Thirty-three percent of all 
metastases from SCCAs of the head and neck are found 
in lymph nodes smaller than 1 cm, 10% of tumor-positive 
neck dissection specimens contain only metastases less 
than 3 mm in diameter, and, more importantly, 25% of 
all clinically occult lymph node metastases are too small 
to be detected by any of the currently available imaging 
techniques (13). DiNardo (14) demonstrated that 88% of 
metastases from the carcinomas of the floor of the mouth 
were found in nodes that were 1 cm or less in diameter. 
The presence of a central area of lucency within a node 
shown on CT was at one time considered equivalent to the 
presence of necrotic tumor within a node; however, such a 
finding can be caused by an artery with plaque formation 


TABLE 
117.2 


Node Size (cm) Negative 
1 67 
2 38 
3 19 
4 12 
5 0 
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or a fatty inclusion in a lymph node. Another imaging 
criterion used to “diagnose” metastasis in a lymph node is 
the shape of the node, as determined by the ratio of its long 
(1) and short (s) axis diameters. In a study by Steinkamp 
et al. (15), 730 enlarged cervical lymph nodes in 285 
patients were examined using ultrasound, and the 1/s ratio 
was calculated. Histologic examination after neck dissec- 
tion revealed that 95% of the enlarged cervical nodes, 
shown on ultrasound to have a 1/s ratio of more than 2, 
were correctly diagnosed as benign. Nodes presenting with 
a more circular shape and a 1/s ratio of less than 2 were 
diagnosed correctly as metastases with 95% accuracy. 


Ultrasound Guided Fine-Needle Aspiration 
Biopsy 


In an attempt to overcome the lack of sensitivity of mor- 
phologic imaging criteria) US was combined with fine 
needle aspiration biopsy (US-FNAB). This technique 
appeared more promising for the preoperative evaluation 
of the NO neck as it enables sampling of lymph nodes as 
small as 3 mm in diameter and adds the advantages of 
cytologic evaluation (16). However, the usefulness of this 
technique is strongly dependent on the skill and time of 
the ultrasonographer and on the experience of the cyto- 
pathologist. Furthermore, the outcomes of a wait-and-see 
policy after negative US-FNAB have been disappointing. 
In a study of 92 patients with tumors of the oral cavity, 
staged T1 and T2, who were observed after a negative 
US-fine-needle aspiration (US-FNA), metastases in neck 
nodes became apparent subsequently in 19 (21%) (17). 
In a more recent study, Wensing et al. (18) found that pal- 
pation and US with or without US-FNAB missed occult 
lymph node metastases in 22% of the patients with oral 
cavity SCCA. These figures are troubling because the inci- 
dence of lymph node metastases in patients with such 
tumors, who are observed without any intervention to the 
neck, is about 25%. 


NODAL SIZE AND PRESENCE OF HISTOLOGIC METASTASES 


Histologic Status (%) 


Positive with Extranodal 


Positive Extension 
33 14 
62 26 
81 49 
88 71 
100 76 


From Hamakawa H, Fukizumi M, Bao Y, et al. Genetic diagnosis of micrometastasis based on SCCA 
antigen mRNA in cervical lymph nodes of head and neck cancer. Clin Exp Metastasis 1999;17(7):593-599, 


with permission. 
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Positron Emission Tomography 


Prospective studies using 18-fluorodeoxyglucose (FDG) 
positron emission tomography (PET) to assess lymph 
node metastases from SCCAs of the oral cavity have shown 
a sensitivity and specificity higher than MRI, CT, and US. 
However, current FDG-PET techniques are also limited in 
the detection of tumor foci smaller than 1 cm (19,20). 
Kyzas et al. (21) performed a meta-analysis of 32 stud- 
ies that assessed the diagnostic performance of PET scans 
in patients with SCCA of the head and neck. In patients 
staged clinically NO, the sensitivity of 18 PET scan was only 
50% (95% Cl: 37% to 63%), whereas specificity was 87% 
(95% CI: 76% to 93%). These authors also compared the 
performance of PET scan with that of “conventional diag- 
nostic methods,” that is, CT, MRI, and ultrasound with 
fine-needle aspiration (FNA) by analyzing studies that had 
also used these diagnostic methods on the same patients. 
The sensitivity and specificity of PET scans were 80% and 
86%, respectively, and of “conventional diagnostic tests” 
were 75% and 79%. Thus, at the present time, the role for 
PET scan in the evaluation of the NO neck is limited as it 
will not detect metastases in 20% to 50% of the cases. 

In another effort to overcome the limitations of current 
imaging techniques, particularly their inability to differen- 
tiate a tumor-infiltrated lymph node from a normal or a 
reactive one, de Bree et al. (22) have experimented with 
radioimmunoscintigraphy (RIS). With this technique, 
SCCA specific monoclonal antibodies labeled with »*mTc 
were given intravenously to patients with SCCA who 
underwent neck dissection. Unfortunately, RIS was not 
superior to CT and MRI for the detection of lymph node 
metastases. 

CT and MRI are valuable in the evaluation of lymph 
nodes that are not easily accessible to the hands of the 
examiner, such as the retropharyngeal, upper mediastinal, 
and, in some patients, the PTLNs. They are also valuable in 
the assessment of resectability of large metastatic deposits 
in the neck, because in most instances they can define the 
relationship of a metastatic tumor with critical structures, 
such as the common and the internal carotid artery, the cer- 
vical spine, the vertebral artery, and the brachial plexus. If 
tumor involvement of the common or the internal carotid 
artery is suspected, a systematic preoperative evaluation 
should include four-vessel cerebral angiography to deter- 
mine the status of the contralateral carotid and to assess 
collateral intracerebral circulation. In addition, an attempt 
should be made during the angiography to measure carotid 
back pressure and to assess dynamically the collateral cir- 
culation by using balloon occlusion techniques while 
monitoring the patient for evidence of neurologic deficits 
under normotensive and hypotensive conditions. 


Fine-Needle Aspiration 


FNA has become a valuable diagnostic tool in patients with a 
mass in the neckin whom metastatic carcinoma is suspected. 


According to numerous recent reports, the specificity of FNA 
ranges from 94% to 100% and the sensitivity ranges from 
92% to 98%. The interobserver variability between cytopa- 
thologists in one series has been reported as 8%. FNA has 
been found to be most accurate in the diagnosis of epithelial 
malignancies, achieving nearly 100% accuracy. 

FNA is indicated in the patient with a solid mass in the 
neck after a thorough examination of the mucosal sur- 
faces and skin of the head and neck region fails to reveal 
a primary tumor. If the mass is located in the supraclavic- 
ular area, FNA is essential in the initial evaluation of the 
patient. The cytopathology findings then can guide the cli- 
nician’s search for a primary tumor below the clavicles. 


Sentinel Node Biopsy 


Sentinel lymph node biopsy (SLNB) is feasible and use- 
ful as a staging procedure in patients with early carcino- 
mas of the oral cavity and in particular for patients with 
cancers of the oral tongue. Proponents of this technique 
point out that it allows accurate histopathologic staging of 
the neck by examining the sentinel lymph node (SLN) with 
serial sectioning and immunohistochemistry, and it avoids 
unnecessary neck dissection and its possible complications. 

The SLNB is based on the belief that cancers metastasize 
via lymphatics to regional lymph nodes in an orderly fash- 
ion, that this process is embolic in nature, and that the lymph 
node that first receives lymphatic drainage from the primary 
site can be identified and excised for histologic analysis (23). 

Early studies in patients with SCCAs of the mucosal sur- 
faces of the head and neck investigated the methodology 
and feasibility of SLNB (23-26). In general, the primary 
cancer should be accessible to infiltration with a radioiso- 
tope-labeled colloid to perform a lymphoscintigraphy and 
a blue dye to aid in intraoperative localization of the sen- 
tinel node. These localizing methods have been shown to 
be complementary. Ross et al. (26) in a multicenter study 
investigated SLNB in 134 patients with SCCA of the oral cav- 
ity and oropharynx, staged T1/T2 NO. Lymphoscintigraphy 
was performed preoperatively; blue dye and a gamma 
probe were used intraoperatively to aid in the identification 
of sentinel nodes. Sentinel nodes were identified in 93% 
of the cases. The number of sentinel nodes varies, but in a 
series of 48 patients studied by Ross et al. (24), the mean 
number of sentinel nodes harvested was 2.4. 

Subsequent studies have examined the utility of SLNB 
in patients with oral cavity or oropharyngeal cancers staged 
T1/T2 NO. The sensitivity of the procedure is 90% when 
the histopathology of the sentinel node is compared with 
that of the neck dissection specimen (27). It results in his- 
topathologic upstaging of the clinically NO neck in 36% 
of the patients when the nodes are examined with rou- 
tine hematoxylin-eosin staining; serial sectioning and 
immunohistochemistry upstage an additional 8% of the 
cases (24). The detection of micrometastases can be fur- 
ther enhanced by using highly specific tumor markers and 
molecular methods (28,29). 


Recently, Civantos et al. (30) reported the results ofa North 
American Multi-Institutional Prospective Study that evaluated 
the utility of SLNB in T1/T2 oral SCCAs. The study included 
140 patients (68% oral tongue, 19% the floor of the mouth) 
from 25 institutions who underwent SLNB and selective neck 
dissection (SND) (levels I-IV). The negative predictive value 
(NPV) was 94% when the SLNs were examined with hema- 
toxylin-eosin stains and 96% when they were examined with 
serial sectioning and immunocytochemistry (30). The NPV 
among experienced surgeons was 100% versus 95% for less 
experienced ones. The SLN was the only positive node in 51% 
of the cases with a positive SLN. The false-negative rate was 
9.8% overall. Interestingly, however, the false-negative rate 
was 10% in patients with cancers of the oral tongue but was 
25% in patients with cancers of the floor of the mouth. In the 
experience of the University of Miami (31), the NPV of SLNB 
was 88.5% in patients with cancers of the floor of mouth 
(FOM) and 95.8% when these patients were excluded. 
Similarly, Ross et al. (26) have reported that the identifica- 
tion of SLNB in patients with FOM cancers was lower (86%) 
than in patients with tumors in other locations (97%); the 
sensitivity of SLNB in FOM cancers was also lower (80%), 
compared with other tumor locations (100%). It appears that 
lymphoscintigraphy in cancers of the FOM is not as helpful 
in identifying the SLN due to the shine-through effect of the 
radioactivity at the primary site; it obscures the lymph nodes 
in level I, which are one of the primary echelons of lymphatic 
drainage for the FOM and lower gum. Obviously, this limits 
the utility of SLNB in patients with tumors in these locations. 


STAGING 


At completion of the clinical evaluation of a patient with 
SCCA of the head and neck region, the disease should be 
classified according to stage. The staging for the lymph 
nodes proposed by the American Joint Committee on 
Cancer in 2009 (32) is outlined below: 


NX: Regional lymph nodes cannot be assessed. 

NO: No regional lymph node metastasis. 

N1: Metastasis in a single ipsilateral lymph node, 3 cm 
or less in greatest dimension. 

N2: Metastasis in a single ipsilateral lymph node, more 
than 3 cm but not more than 6 cm in greatest dimen- 
sion; or in multiple ipsilateral lymph nodes, none 
more than 6 cm in greatest dimension; or in bilateral 
or contralateral lymph nodes, none more than 6 cm 
in greatest dimension. 

N2a: Metastasis in a single ipsilateral lymph node 

more than 3 cm but not more than 6 cm in greatest 

dimension. 

N2b: Metastasis in multiple ipsilateral lymph nodes, 

none more than 6 cm in greatest dimension. 

N2c: Metastasis in bilateral or contralateral nodes no 

more than 6 cm in greatest dimension. 

N3: Metastasis in a lymph node more than 6 cm in 
greatest dimension. 
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Staging of the neck in nasopharyngeal carcinoma 
patients is different because the distribution and the prog- 
nostic impact of regional lymph node spread from naso- 
pharynx cancer, particularly of the undifferentiated type, 
are different from those of other head and neck mucosal 
cancers and justify the use of the following scheme: 


NX: Regional lymph nodes cannot be assessed. 

NO: No regional lymph node metastasis. 

N1: Unilateral metastasis in lymph node(s), 6 cm or 
less in greatest dimension, above the supraclavicular 
fossa. 

N2: Bilateral metastasis in lymph node(s), 6 cm or less in 
greatest dimension, above the supraclavicular fossa. 
N3: Metastasis in a lymph node(s) greater than 6 cm 
and/or to supraclavicular fossa. 

N3a: Greater than 6 cm in dimension. 

N3b: Extension to the supraclavicular fossa. 


CLASSIFICATION OF NECK DISSECTIONS 


Several cervical lymph node dissections are currently used 
for the surgical treatment of the neck in patients with cancer 
of the head and neck region. To standardize the nomencla- 
ture used to refer to these operations, it is essential to adopt 
a common nomenclature for the lymph node groups of the 
neck, such as the one outlined earlier in this chapter. The 
current classification of neck dissections recommended by 
the American Academy of Otolaryngology-Head and Neck 
Surgery (Table 117.3) takes into account the lymph node 
groups of the neck that are removed and secondarily the 
anatomic structures that may be preserved, such as the spi- 
nal accessory nerve and the IJV. Analyzing neck dissections 
from these two points of view, there are essentially four ana- 
tomic types of neck dissections: radical, modified radical, 
selective, and extended. Recently, clinicians from around 
the world have proposed a nomenclature for neck dissec- 
tion that, if recognized internationally, would be “logical, 
unambiguous, precise, and easy to remember” (33). 

In this classification, the following three descriptors are 
used to label a neck dissection: 


1. “ND” to represent neck dissection that is prefaced by 
either “L” or “R” for side. If bilateral, both sides must be 
classified independently. 

2. The levels and sublevels of lymph nodes removed 
designated by Roman numerals I through VII in 
ascending order. For levels that contain sublevels (L, I, 
and V), listing of the level without a sublevel indicates 
that the entire level (both A and B) was excised. 

3. The nonlymphatic structures removed designated by 
their internationally recognized initials, that is, SCM for 
sternocleidomastoid muscle, IJV for internal jugular vein. 


It is hoped that this new classification system will convey 
precisely the extent of lymphatic and nonlymphatic struc- 
tures removed in a neck dissection that will then allow bet- 
ter comparison of results between studies. 
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TABL 
117. 


2001 Classification 


1. Radical neck dissection 
2. Modified radical neck dissection 
3.Selective neck dissection (SND): 
SND (I-III/IV) 
SND (I-IV) 
SND (II-V, postauricular, suboccipital) 
SND (level VI) 
4. Extended neck dissection 


3. 


Lastly, the surgeon must orient the surgical speci- 
men for the pathologist and identify the different lymph 
node groups it contains. Only then can the pathologist be 
expected to generate a clinically and prognostically mean- 
ingful report that describes the location and number of 
lymph nodes examined, the number of nodes that con- 
tain the tumor, and the presence or absence of extranodal 
extension of the tumor. 


ND (I-V, SCM, IJV, CN XI) 


Radical Neck Dissection 

This operation is defined as the en bloc removal of the lymph 
node-bearing tissues of one side of the neck, from the infe- 
rior border of the mandible to the clavicle and from the lat- 
eral border of the strap muscles to the anterior border of the 
trapezius. Included in the resected specimen are the spinal 
accessory nerve, the IJV, and the SCM (Fig. 117.5). A compre- 
hensive description of the surgical technique of this opera- 
tion was recently provided by McCammon and Shah (34). 


Rationale 

The first description of the systematic en bloc removal of 
the lymphatics of the neck was published by Crile in 1906. 
The operation he described came to be known as the RND. 
Although Crile believed that removing the IJV was essential 
because of the intimate relation of this structure with the 
lymph nodes of the neck, it is interesting to note that the 
drawings that illustrate his publication indicate that the spi- 
nal accessory nerve and the ansa hypoglossi were preserved. 
It was Martin et al. in the 1950s who championed the con- 
cept that a cervical lymphadenectomy for cancer was inad- 
equate unless all the lymph node-bearing tissues of one 
side of the neck were removed and that this was impossible 
unless the spinal accessory nerve, the IJV, and the SCM were 
included in the resection. In fact, they categorically stated, 
“any technique that is designed to preserve the spinal acces- 
sory nerve should be condemned unequivocally.” 

In describing the RND, Crile contended that an en bloc 
removal of the primary tumor and the lymphatic system 
of the neck should be carried out in a manner similar to 
the Halstead operation for breast cancer. He believed that 


ND 
ND 
ND 
ND 


E 
3 CLASSIFICATION OF NECK DISSECTIONS 


2010 Proposed Classification 


1.ND (I-V, SCM, IJV, CNXI) 
2.ND (I-V, SCM, IJV), ND (I-V, UV, CNXI), ND (I-V) 


(I, I, II/IV) 

(I-IV) 

(II-V, postauricular, suboccipital) 
(VI) 

( 


4.ND (levels removed, nodes or structures removed) 


normal lymph flow is interrupted by metastasis in a lymph 
node, causing further tumor dissemination to occur in any 
direction, and that a less radical “incomplete” operation 
would disseminate and stimulate the growth of the tumor. 
Like Crile, Martin et al. believed that it was impossible to 
remove the lymphatics of the neck completely without 
resecting the SCM and IJV because of the close association 
of the lymphatics in this area with the vein walls. 

Removing the SCM unquestionably facilitates access to 
the jugular vein and the removal of the lymph node-bear- 
ing tissues of the neck. In some instances, the muscle must 
be removed because it is involved by the tumor. However, 
removal of this muscle is no longer justified for ease or 
exposure alone. 


Figure 117.5 Radical neck dissection. 


An RND is not indicated in the absence of palpable 
cervical metastases (i.e., in the treatment of the NO neck). 
Currently, RNDs represent less than 20% of all neck dissec- 
tion done at many institutions (35), as familiarity with the 
other types of neck dissection has increased. 


Indications 

An RND is indicated when there are multiple clinically 
obvious cervical lymph node metastases, particularly when 
they involve the lymph nodes of the posterior triangle of the 
neck and are found to involve or to be tightly related to the 
spinal accessory nerve. An RND is also indicated when 
there is a large metastatic tumor mass or when multiple 
matted nodes are present in the upper part of the neck. In 
such instances, it is unwise to preserve the sternocleidomas- 
toid or the internal jugular or to dissect the spinal accessory 
nerve and risk entering the tumor. A similar situation can 
be created by the inflammation, hematoma, or ecchymosis 
that follows ill-advised excisional biopsies of neck metasta- 
ses. An RND may be the safest option in such patients. 


ND (I-V, SCM, IJV, CN XI) 


Modified Radical Neck Dissection (MRND) 
This category includes modifications of the RNDs devel- 
oped with the intention of reducing the morbidity of the 
operation by preserving one or more of these structures: 
the spinal accessory nerve, the IJV, or the SCM. 

The three neck dissections that can be included in this 
category are outlined in Table 117.3. They differ from each 
other only in the number of neural, vascular, and muscular 
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structures that are preserved. Therefore, they can be sub- 
classified as follows: 


m ND (I-V, SCM, JV) (MRND type I) with preservation of 
the spinal accessory nerve 

m ND (I-V, SCM) (MRND type ID) with preservation of the 
spinal accessory nerve and the JV 

m ND (I-V) (MRND type III) with preservation of the spinal 
accessory nerve, the IJV, and the SCM. This corresponds to 
the operation often called “functional neck dissection.” 


ND (I-V, SCM, IJV) 


Modified Radical Neck Dissection with 
Preservation of the Spinal Accessory Nerve 

This operation is defined as the en bloc removal of the lymph 
node-bearing tissues of one side of the neck, from the inferior 
border of the mandible to the clavicle and from the lateral 
border of the strap muscles to the anterior border of the tra- 
pezius, preserving the spinal accessory nerve. The IJV and the 
SCM are included in the resected specimen (Fig. 117.6). The 
surgical technique is essentially the same as that of the RND. 


Rationale 
The following observations have compelled surgeons, for sev- 
eral decades, to explore and develop alternatives to the RND: 


m The morbidity associated with the RND, especially the 
shoulder disability that results from the resection of the 
spinal accessory nerve and, to a lesser extent, the cos- 
metic deformity that results from this operation, particu- 
larly when it is done on both sides of the neck 


Figure 117.6 MRND (type |) with preservation of the spinal 
accessory nerve. 
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m The realization that in many instances the spinal acces- 
sory nerve is not in close proximity to the nodes grossly 
involved by the tumor and that its preservation does not 
compromise the oncologic soundness of the operation 


Indications 

This type of neck dissection is used in the surgical treat- 
ment of the neck of patients with clinically obvious lymph 
node metastases when the spinal accessory nerve is not 
directly involved by the tumor, regardless of the number, 
size, and location of the involved lymph nodes. The deci- 
sion to preserve the spinal accessory nerve is, therefore, a 
delicate intraoperative judgment call. Much like the phi- 
losophy about preservation of the facial nerve during sur- 
gery for parotid tumors, the spinal accessory nerve can be 
preserved whenever there is a clearly identifiable, not an 
artificially created, plane of dissection between the tumor 
and the nerve. The reported rate of recurrence in the neck 
when used for the treatment of the N+ neck in combina- 
tion with postoperative radiation is 8.1% (36). 


ND (I-V, SCM) 


Modified Radical Neck Dissection with 
Preservation of the Spinal Accessory Nerve and 
the Internal Jugular Vein 

In this type of dissection, the lymph node-bearing tissues 
of one side of the neck are removed en bloc, preserving the 
spinal accessory nerve and the IJV. This operation is seldom 


Figure 117.7 MRND (type III) with preservation of the spinal 
accessory nerve, the internal jugular vein, and the SCM. 


planned. It is done occasionally when in the course of a 
neck dissection the metastatic tumor in the neck is noted 
to be adherent to the SCM but away from the accessory 
nerve and the jugular vein. This situation occurs occasion- 
ally in patients with hypopharyngeal or laryngeal tumors 
with metastases under the middle third of the SCM. 


ND (I-V, SCM, IJV, CN XI) 


Modified Radical Neck Dissection with 
Preservation of the Spinal Accessory Nerve, the 
Internal Jugular Vein, and the Sternocleidomastoid 
Muscle 

This operation consists of the en bloc removal of the lymph 
node-bearing tissues of one side of the neck, including 
lymph nodes in levels I through V, preserving the spinal 
accessory nerve, the IJV, and the SCM. The submandibular 
gland may or may not be removed (Fig. 117.7). A descrip- 
tion of the operative technique of this operation, as it is 
currently advocated by most European surgeons, can be 
found in a publication by Gavilan et al. (37). 


Rationale 

The muscular and vascular aponeurosis of the neck demar- 
cate compartments filled with fibroadipose tissue that con- 
tains lymph nodes. In the early 1960s, Suarez observed 
that the lymph nodes of the neck are not located within 
the muscular aponeurosis of the SCM and do not form 
part of the adventitia of nearby blood vessels, particularly 
veins. He then showed that it was technically feasible and 


oncologically sound to perform a comprehensive removal 
of the lymph node-bearing tissues of one or both sides of 
the neck without removing the SCM, the submandibular 
gland, and the IJV (38). It should be pointed out that the 
nerves of the neck do not follow the aponeurotic compart- 
ment distribution, except for the vagus nerve that is con- 
tained within the carotid sheath. The phrenic nerve and 
the brachial plexus are partially within a compartment; the 
hypoglossal and the spinal accessory nerves run across sey- 
eral compartments. Unless these nerves are directly involved 
by the tumor, they can be dissected free and preserved. 


Indications 
This operation was widely used, particularly in Europe, as 
the neck dissection of choice for the treatment of the NO 
neck in patients with SCCA of the upper aerodigestive tract, 
especially when the primary tumor was in the larynx or 
hypopharynx. It is now considered an unnecessarily exten- 
sive procedure for the treatment of the clinically negative 
neck in patients with head and neck cancers. A multi-insti- 
tutional prospective randomized study comparing MRND 
to ND (levels II-IV)) in patients with laryngeal cancer was 
performed by the Brazilian Head and Neck Cancer Study 
Group (39). All patients had previously untreated T2-T4 
NOMO supraglottic and transglottic squamous carcinoma. 
Pathologically positive nodes were found in 26% of the 
patients, and most positive nodes were located at levels II 
and III. There were six ipsilateral neck recurrences (four in 
the MRND group and two in the lateral neck dissection ND 
II-IV group). Five-year actuarial survival calculated by the 
Kaplan-Meier method was 72.3% in the MRND group and 
62.4% in the ND (II-III) (log-rank test P = 0.312). Another 
prospective study and a recent retrospective study also sup- 
port the practice of not dissecting level V in patients with 
clinically NO laryngeal and hypopharyngeal cancers (40,41). 
According to some surgeons, this operation is indicated 
for the treatment of the N1 neck, when the metastatic nodes 
are mobile and no greater than 2.5 to 3 cm. The reported 
rates of recurrence in the neck with this type of neck dis- 
section range between 0% and 16.6% for the clinically NO 
neck and between 3.7% and 25% for the N+ neck (42-47). 
This type of MRND remains the operation of choice for 
most patients with differentiated carcinoma of the thyroid 
who have palpable lymph node metastases in the lateral 
compartment of the neck. 


Selective Neck Dissections 


The SNDs consist of the removal of only the lymph node 
groups at highest risk of containing metastases according 
to the location of the primary tumor, preserving the spinal 
accessory nerve, the IJV, and the SCM. There are four main 
types of SNDs: 


m SND of levels I-III or ND (I-III) (commonly referred 
to as “supraomohyoid” neck dissection) (Fig. 117.8) 
and SND of levels I-IV or ND (I-IV) (also referred to as 
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Figure 117.8 Supraomohyoid neck dissection. 


“extended supraomohyoid” neck dissection). These are 
the neck dissections commonly used in the treatment of 
patients with SCCA of the oral cavity. The lymph nodes 
removed are those contained in the submental and sub- 
mandibular triangles (level I), the upper jugular region 
(level 11), and the midjugular region (level III). The pos- 
terior limit of the dissection is marked by the cutaneous 
branches of the cervical plexus and the posterior border 
of the SCM. The inferior limit is the omohyoid muscle 
as it crosses the IJV. Some surgeons prefer to perform an 
SND of level I-IV in cases with cancer of the oral tongue 
(48). For cancers of the oral cavity that are close to or 
involve the midline, either type of SND is done bilater- 
ally, since the lymph nodes in both sides of the neck are 
at risk. These operations have been described in detail by 
Medina and Byers (49). 


mu SND of levels II-IV or ND (II-IV) (Fig. 117.9). This neck 


dissection, commonly referred to as the “lateral” neck 
dissection, is used in the treatment of patients with SCCA 
of the larynx, oropharynx, and hypopharynx. It consists 
of the removal of the upper (level I), middle (level II), 
and lower (level IV) jugular lymph nodes. The superior 
limit of the dissection is the digastric muscle and the 
mastoid tip. The inferior limit is the clavicle. The anterio- 
medial limit is the lateral border of the sternohyoid mus- 
cle. The posterior limit of the dissection is marked by the 
cutaneous branches of the cervical plexus and the pos- 
terior border of the SCM. For tumors of the supraglottic 
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Figure 117.9 Lateral neck dissection. 


larynx and posterior pharyngeal walls, the dissection is 
often bilateral. A recent description of the technique of 
this operation has been provided by Khafif (50). 

SND of level VI or ND (VI). This operation is also called 
“anterior” neck dissection or “central compartment” dis- 
section. It is used in the treatment of patients with cancer 
of the midline structures of the anterior inferior aspect 
of the neck and thoracic inlet, such as the thyroid, the 
glottic and subglottic regions of the larynx, the pyriform 
sinus, and the cervical esophagus and trachea. It consists 
of the removal of the prelaryngeal, pretracheal lymph 
nodes, as well as the PTLNs on both sides. However, 
using a single denomination (i.e., SND of level VI) to 
refer to any dissection of the lymph nodes in this region 
is confusing. For instance, if the surgeon elects to remove 
the prelaryngeal, pretracheal, and the right PTLNs, the 
operation would have the same designation as one in 
which only the left paratracheal nodes are removed. 
Therefore, until consensus is reached about grouping of 
the lymph nodes in this area (i.e., level VIA and VIB), 
it is best to describe the operation in terms of the spe- 
cific lymph nodes removed (e.g., left thyroid lobectomy 
with dissection of level VI that included the pretracheal 
and left paratracheal nodes) (51). These operations have 
been described recently by Weber and Holsinger (52). 
SND for cutaneous malignancies of the head and neck. 
The extent of the regional node dissection in patients 
with cutaneous malignancies depends on the location 


of the primary lesion and the lymph node groups that 
are likely to harbor metastases. For skin cancers origi- 
nating from the posterior scalp and the upper-lateral 
aspect of the neck, the operation most commonly done 
is an ND (levels H-V, retroauricular, suboccipital), 
which is also known as the “posterolateral” neck dis- 
section (Fig. 117.10). The superior limit of this dissec- 
tion is the posterior belly of the digastric muscle and 
the mastoid tip anterior laterally and the nuchal line/ 
ridge posteriorly. The inferior limit is the clavicle. The 
anteriomedial limit is the lateral border of the sterno- 
hyoid muscle. The posteriolateral limit of the dissec- 
tion is marked by the anterior border of the trapezius 
muscle inferiorly and the posterior midline of the neck 
superiorly (53). The regional node dissection often per- 
formed for cutaneous malignancies originating from 
the periauricular skin, anterior scalp, and temporal 
region is an SND (parotid, facial and external jugular 
nodes, levels II, II, VA). 


Rationale 

In the 1960s, surgeons at The University of Texas MD 
Anderson Cancer Center modified the concept of the RND 
by selectively removing only those lymph node groups 
that, based on the location of the primary tumor, were at 
highest risk of containing metastases” (54). These opera- 
tions were eventually called “SNDs” (55) and their current 
use is based on the following observations: 


1. Anatomic, pathologic, and clinical investigations 


(5,6,48,56-64) and recent prospective studies (39,40) 
have demonstrated that cervical lymph node metasta- 
ses occur in predictable patterns in patients with SCCA 
of the head and neck. 

The lymph node groups most frequently involved in 
patients with carcinomas of the oral cavity are the nodes 
in levels II and III. In addition, the nodes in level I are 
frequently involved in patients with carcinoma of the 
floor of the mouth, anterior oral tongue, and buccal 
mucosa. These tumors frequently metastasize to both 
sides of the neck, and they can skip levels I and II, metas- 
tasizing first to the nodes in level III. In a retrospective 
study of 1,119 RNDs, Shah (6) found that tumors of 
the oral cavity metastasized most frequently to the neck 
nodes in levels I, I, and III, whereas carcinomas of the 
oropharynx, hypopharynx, and larynx involved mainly 
the nodes in levels II, II, and IV. 

It has been demonstrated that in the absence of 
metastases to the first-echelon nodes, tumors of the 
oral cavity and oropharynx rarely involve the nodes in 
level IV and level V. The nodes in level V are not com- 
monly involved, regardless of the site of the primary 
tumor and the presence or absence of metastases in 
the jugular nodes (41), conceivably because there is no 
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Figure 117.10 Posterolateral neck dissection. 


retrograde flow from the jugular nodes into the spinal 
accessory nodes. 

The predictability of lymphatic spread applies to 
both occult (NO neck) and clinically evident (N+ neck) 
lymph node metastases. In an analysis of the distri- 
bution of lymph node metastasis in a cohort of 164 
patients with oral cancer, who had a single clinically 
positive node (N1 or N2a), Kowalski and Carvalho (60) 
found that there were no isolated lymph node metasta- 
ses in levels IV or V. These findings suggest that an SND 
of levels I-III could encompass the tumor in the neck in 
these patients. In other reports, the prevalence of metas- 
tases in level IV in clinically N+ cases is 17%, suggesting 
that it is a safer practice to include level IV whenever an 
SND is done for an N+ neck in patients with cancer of 
the oral cavity. The prevalence of nodal metastases in 
level V, on the other hand, is so low (0.5% in cNO and 
3% in cN+) that dissection of this region of the neck is 
rarely necessary (G6). Similarly, in a prospective analysis 
of the prevalence and distribution of histologic lymph 
node metastases in 100 consecutive neck dissections 
done as part of the initial treatment of laryngeal and 
hypopharyngeal cancer, Buckley and MacLennan (40) 
found that all metastases in NO and N1 cases were con- 
fined to levels I, Ul, IV, and VI. Metastases to levels I 


1822 Section VII: Head and Neck Surgery 


and V were infrequent, even in N+ disease, and occurred 
only in cases with N2c and N3 disease. These results 
support the use of dissection of nodes in levels I-IV for 
NO and selected N+ cases with laryngeal and hypopha- 
ryngeal cancer. 

2. SNDs provide the surgeon with the same staging infor- 
mation as the more extensive radical and MRNDs. There 
is substantial evidence that, at this time, micrometas- 
tases cannot be detected consistently by noninvasive 
methods (6). To detect such metastatic deposits, it is 
necessary to remove the regional lymph nodes, guided 
either by lymphoscintigraphy or by the anticipated pat- 
tern of metastases, and scrutinize them histopathologi- 
cally. Thus, an SND serves as a staging procedure and 
can be used for decision making regarding the need for 
adjuvant postoperative radiation therapy. The concept 
of disease staging in the neck is important in patients 
whose primary tumors are amenable to treatment with 
surgery alone but who are highly likely to produce 
metastases to the cervical lymph nodes. Patients who 
have T2NO and T3NO SCCAs of the oral cavity and fau- 
cial arch region are excellent examples of this situation. 
Because the probability of lymph node metastasis is 
high in most of these patients, the neck dissection may 
only have the value of a staging procedure, the results 
of which determine whether or not postoperative radia- 
tion therapy is necessary. If the lymph nodes are his- 
tologically negative, no further therapy is indicated 
and the patient is treated with surgery alone. However, 
to make this decision with confidence, all the lymph 
nodes at risk of containing metastases must be evalu- 
ated. This evaluation requires dissecting both sides of 
the neck in patients with lesions of the anterior tongue 
and floor of the mouth, with the attendant morbidity 
of a bilateral RND. On the other hand, if the nodal 
metastases are multiple or the tumor extends beyond 
the capsule of a lymph node, the neck dissection alone 
is associated with a high incidence of recurrence in the 
neck (6,65,66). In these situations, the addition of post- 
operative radiation therapy results in better regional 
control of the disease (67). 

3. When SND is utilized for the elective treatment of the 
regional lymphatics, regional control and survival rates 
are similar to those of more extensive neck dissections 
(39,40,68-78). 

4. SNDs result in less postoperative morbidity. The dys- 
function of the trapezius muscle produced by SNDs is 
minimal and, unlike that produced by the RND, is usu- 
ally temporary and reversible (79-84). 


Indications 

Elective SND: NO Neck 

ND [-III/IV (Supraomohyoid Neck Dissection and Extended 
Supraomohyoid Neck Dissection). This SND is indicated 
in the surgical management of patients with SCCA of the 
oral cavity staged T2-T4 NO. The procedure is performed 


on both sides of the neck in patients with cancers of the 
anterior tongue and floor of the mouth. This type of dis- 
section is performed when an elective neck dissection is 
indicated in the management of patients who have SCCA 
of the lip or skin of the midportion of the face and when 
these lesions are associated with clinically discrete, single 
metastases to the submental or submandibular nodes. A bi- 
lateral dissection is performed when the lesion is located at 
or near the midline. 

The need to remove routinely the nodes in level IV 
in patients with cancer of the oral tongue is controver- 
sial. Byers et al. (48) reported finding “skip metastases” 
in 15.8% of patients with oral tongue cancer. In these 
cases, metastases to either level IV or level III were the 
only manifestation of the disease in the neck. In a simi- 
lar more recent review of 119 neck dissections in patients 
with cancer of the oral cavity, De Zinis et al. (85) found 
metastases in level IV nodes in 15% of the patients and 
28% of them were skip metastases. In another study of 
49 patients with cancer of the oral cavity, staged NO, 
undergoing “extended supraomohyoid” neck dissection, 
occult metastases in level IV were found in 10% of the 
cases (86). These and other authors contend that the 
supraomohyoid neck dissection is inadequate for a com- 
plete pathologic evaluation of all the nodes at risk, and 
they recommend dissecting the nodes in level IV when 
performing an elective neck dissection in patients with 
cancer of the oral tongue. 

The opposing point of view has been advanced by Khafif 
et al. (87) whose practice has been to dissect level IV only 
when a suspicious node is found at level III or there are 
multiple obviously involved lymph nodes. They reported 
their findings in a cohort of 58 patients with SCCA of the 
oral tongue (stage T1-T2 NO). The node dissections per- 
formed included levels I through IH in 42 patients (69%), 
levels I through IV in 16 patients (26%), and levels | 
through V in 1 patient (5%). A positive node was found in 
level IV in only one instance (1/54, 1.8%), and no recur- 
rences were observed in level IV. Ambrosch et al. (68) 
reported similar observations in a study of 167 patients 
with cancer of the oral cavity and oropharynx of whom 82 
had aclinically staged NO neck. They dissected level IV only 
when multiple metastases were suspected during the neck 
dissection. At a median follow-up of 34 months, the rate 
of regional recurrence in that series was 5.4%. Shah et al. 
(62) studied RND specimens performed as elective treat- 
ment for oral cavity tumors and found metastatic involve- 
ment of level IV in 3% of the patients. Li et al. (88) studied 
153 patients who had an RND for oral cavity cancer (60 
therapeutic and 93 elective) and found metastases to level 
IV in 3.2% of the patients. Wang et al. (89) studied 116 
patients with oral tongue cancer, staged NO, who under- 
went comprehensive neck dissections and 5 patients who 
had SND. Metastases in level IV or level V were found in 
only one patient each. Interestingly, there were five cases 
with level II] involvement as a first echelon of metastasis. 


These studies and others (90) have shown that the risk of 
metastases to level IV in patients with cancer of the oral 
tongue with clinically negative neck is low, thus the con- 
troversy about the routine inclusion of this level in such 
patients. 


ND II-IV (Lateral Neck Dissection). This type of SND is in- 
dicated in patients with tumors of the larynx, oropharynx, 
and hypopharynx staged T2-T4 NO. Because the lymphatic 
drainage of these regions is such that metastases are fre- 
quently bilateral, the operation is often done on both sides 
of the neck. 

The need to dissect the lymph nodes of sublevel IIB and 
level IV in every patient undergoing elective SND for laryn- 
geal cancer has recently been questioned. In 2006, Rinaldo 
et al. (91) collected data from five prospective, multi- 
institutional studies of neck dissection specimens using 
pathologic and molecular analysis. These studies included 
211 patients with laryngeal cancer and clinically NO neck. 
Only three patients (1.4%) were found to have positive 
lymph nodes at sublevel IIB (one patient had also lymph 
node metastases to sublevel IA and level III; the other two 
patients had also a positive lymph node at sublevel IIA). In 
a more recent prospective multi-institutional study, metas- 
tases in sublevel IIB nodes were found in only 2% of 92 
neck dissections done for laryngeal cancer (92). This and 
other recent studies have shown that the incidence of sub- 
level IIB metastases in patients undergoing elective neck 
dissection for hypopharyngeal and oropharyngeal cancers 
is also low, ranging between 5% and 9% for hypopharyn- 
geal cancer and between 0% and 6% for oropharyngeal 
cancer (92-94). These observations strongly suggest that 
dissection of sublevel IIB is not necessary in patients with 
larynx, oropharynx, and hypopharynx cancer and clini- 
cally NO neck. Since dissection of this region requires, in 
most patients, a more extensive manipulation of the spi- 
nal accessory nerve, avoiding it can decrease operative time 
and the risk of postoperative dysfunction of this nerve, 
as it has been suggested by a recent study using electro- 
myography (95). The need to electively dissect level IV in 
patients with laryngeal cancer has also been questioned 
recently. In a review of 43 patients with laryngeal SCCA 
who underwent elective ND of levels I-IV, Khafif et al. 
(96) found that only one patient (2.3%) had metastases 
in level IV nodes and that patient also had metastases in 
level Il nodes. Others have reported similar observations 
indicating that the prevalence of positive nodes found in 
level IV in the absence of palpable metastases elsewhere 
in the neck varies from 0% to 2.3% (73,97). Furthermore, 
a recent analysis of the data from three prospective multi- 
institutional studies of neck dissection specimens, includ- 
ing 175 patients with laryngeal cancer and clinically NO 
necks, revealed only 6 patients (3.4%) with positive lymph 
nodes at level IV (98,99). Based on a thorough review of 
prospective multi-institutional studies published to date, 
Ferlito et al. (100) concluded that dissection of sublevel Ila 
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and level HI appears to be adequate for the elective surgical 
treatment of the neck in supraglottic and glottic carci- 
nomas. Appropriate outcome studies are now needed to 
ascertain that not dissecting these areas of the neck will not 
have a negative effect on regional control of the disease. 

There appears to be a role for elective SND in patients 
previously treated with primary radiation therapy or 
chemoradiation for SCCA of the head and neck, who 
had recurrence or persistent disease at the primary site or 
develop a second primary tumor. In a retrospective study 
of 69 such patients who underwent SND as part of their 
treatment, Solares et al. (101) found metastases evident 
histologically in 23% of the SND specimens. There were 
no cases of recurrence in the neck when the primary site 
remained controlled. All patients who had more than two 
positive nodes had recurrence either at the primary site 
or distant metastasis. The authors concluded that SND is 
oncologically safe in the management of the NO previously 
irradiated neck and that the finding of more than two posi- 
tive nodes is associated with a poor outcome. 


SND of Level VI. The role of elective dissection of the 
lymph nodes in level VI, also referred to as the central 
compartment dissection, is the main controversy in the 
surgical management of differentiated carcinoma of the 
thyroid today (102). The most recent guidelines published 
by the American Thyroid Association state that “prophy- 
lactic central-compartment neck dissection (ipsilateral 
or bilateral) may be performed in patients with papillary 
thyroid carcinoma with clinically uninvolved central neck 
lymph nodes, especially for advanced primary tumors (T3 
or T4)” (103). 

SND is now the preferred type of neck dissection for the 
elective surgical management of the cervical lymph nodes 
in patients with malignant tumors of the head and neck. 
The effectiveness of the ND (I-III/“supraomohyoid”) and 
the ND (II-IV/“lateral”) in the treatment of the NO and N1 
neck in patients with SCCA of the upper aerodigestive tract 
has been evaluated in a prospective analysis of our practice 
in which the indications for the operations, the surgical 
technique, and the indications for postoperative radiation 
were standardized. The overall recurrence rates observed in 
the dissected side of the neck at 2 years, with the primary 
tumor under control, was 3.4% when the lymph nodes 
removed were histologically negative and 12.5% when 
multiple positive nodes or extracapsular invasion were 
found. These results are typical of what has been reported 
in the literature during the past two decades regarding the 
effectiveness of SND in the management of the NO neck 
(39,40,68-78, 104). 


Therapeutic SND: N+ Neck. SND is being used with in- 
creasing frequency in the management of selected patients 
with clinically obvious lymph node metastases (N+). In or- 
der to determine the feasibility of doing a supraomohyoid 
neck dissection in patients with oral cavity carcinoma who 
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have a single clinically metastatic lymph node smaller than 
6 cm (N1 and N2a), Kowalski and Carvalho (60) studied 
164 oral cavity cancer patients with clinically N1 or N2a 
stage cancer submitted to RND. Interestingly, metastases 
were found in level IV lymph nodes in only one patient 
(0.6%), and metastases were not found in level V nodes. 
The authors concluded that in patients with clinical N1 
stage in whom the metastasis is at level I, a supraomohy- 
oid neck dissection (extended or not to level IV) is feasible 
instead of an RND. Andersen et al. (105) recently reported 
a 10-year multi-institutional retrospective review of pooled 
data from 106 previously untreated clinically and patho- 
logically node-positive patients undergoing 129 SNDs and 
followed for a minimum of 2 years or until death. The neck 
was Clinically staged N1 in 58 patients (57.7%), N2a in 5 
(4.7%), N2b in 28 (26.4%), N2c in 14 (13.2%), and N3 in 
1 (0.9%). Extracapsular extension of the tumor was present 
pathologically in 36 patients (34.0%), and postoperative 
radiation therapy was administered to 76 patients (71.7%). 
Overall, nine patients had recurrence in the neck. Six of 
these recurrences were in the areas of the neck that had 
been dissected during the SND, for a regional recurrence 
rate of 5.7%. The recurrence rates reported by others us- 
ing SND in the N+ neck range from 5.5% to 11.1% (mean 
recurrence rate of 8.3%) (106,107). These rates are compa- 
rable to those reported after MRND or RND (36,42,43,54, 
108-110) although absolute comparison is difficult be- 
cause the SND patients represented a more selected sample 
(67). Nonetheless, these observations support the use of 
SND in selected patients with clinically positive nodal me- 
tastasis from SCCA of the upper aerodigestive tract. 


Extended Neck Dissections 


Any of the neck dissections described herein can be 
“extended” to include either lymph node groups that are 
not routinely removed (i.e., retropharyngeal, paratracheal, 
upper mediastinal) or other structures that are not rou- 
tinely removed (i.e., skin of the neck, carotid artery, levator 
scapulae, vagus or hypoglossal nerve). 


Skin, Muscles, Nerves 
In a review of 106 cases of extended neck dissections, the 
largest review on record in the literature, involvement of 
the skin occurred in 18% of cases (111). Involvement of 
the skin did not have a significant prognostic implication. 
Involvement of muscles requiring extension of the neck 
dissection may affect superficial, prevertebral, and para- 
spinal muscles. The superficial group is composed of the 
strap muscles (sternohyoid, sternothyroid, and omohy- 
oid), the mylohyoid, and the digastric/stylohyoid muscle 
complex. Removal of one or more of these muscles was the 
reason for extending neck dissections in as many as 62% 
of the cases studied by Carew and Spiro (111), the digas- 
tric muscle being among the structures sacrificed in 51% 
of cases. The functional deficit resulting from removal of 


these muscles is of little consequence and their removal 
usually does not require reconstruction. The dissection was 
extended to include the prevertebral muscles in only 3% 
of the cases. The muscles deep to the sternocleidomastoid 
that may be involved by a tumor are the splenius capitis, 
the levator scapulae, and the semispinalis capitis muscles. 
Involvement of these muscles occurs most commonly just 
lateral to the carotid artery. It was the reason to extend a 
neck dissection in 14% to 18% of cases. 

Tumors may be adherent to or involve several impor- 
tant nerves in the neck. Since the lymph nodes in level U 
are the most common site of metastases, it stands to reason 
that the nerve most commonly involved is the hypoglossal 
nerve (41%). This is followed distantly by the sympathetic 
chain (8%), the lingual nerve (7%), the vagus nerve (4%), 
the superior laryngeal nerve (3%), the phrenic nerve (3%), 
and the glossopharyngeal nerve (2%) (111). When a nerve 
is resected, it is advisable to obtain an intraoperative fro- 
zen section of the margin of resection even if the appear- 
ance of the nerve is normal; perineural tumor spread is 
initially axial and may not result in thickening of the nerve 
until late (112). 


Retropharyngeal Lymph Node Dissection 

The RPLNs lie within a fat pad located behind the posterior 
wall of the pharynx and anterior to the prevertebral fascia 
and the cervical sympathetic trunk and ganglion. This fat 
pad extends from about the level of the carotid bifurcation 
to just below the skull base. The RPLNs are divided into 
medial and lateral groups; the medial group of nodes lies 
behind the pharyngeal midline at a level between the first 
and fourth cervical vertebrae. The lateral group of nodes, 
better known as the nodes of Rouviere, are the nodes 
removed in an RPLN dissection. They are contained within 
a sliver of fatty tissue located immediately medial to the 
internal carotid artery. The RPLNs receive lymphatic drain- 
age from the nasopharynx, tonsillar fossa, oropharyngeal 
and hypopharyngeal walls, and the posterior ethmoidal 
sinuses. 

Clinically, involvement of the retropharyngeal nodes 
by the tumor may be signaled by pain and stiffness in the 
neck. More ominous and characteristic is an ipsilateral 
occipitoparietal headache described by the patient as pain 
located behind the eye. Also ominous is the presence of a 
Horner syndrome that results from tumor involvement of 
the cervical sympathetic trunk. 

The highest incidence of RPLN metastases is associ- 
ated with advanced cancers of the oropharynx and hypo- 
pharynx in patients who present with neck metastases. 
Therefore, elective RPLN dissection is indicated when 
these patients are treated surgically. An RPLN dissection 
should also be performed in patients in whom imaging 
studies suggest the presence of metastases in the RPLN. 
An RPLN dissection should also be considered in patients 
with advanced cancer of the oropharynx and hypopharynx 
who are treated with organ preservation protocols, have an 


incomplete response of the tumor in the neck, and require 
a neck dissection. An RPLN dissection in these situations 
is likely to afford the patient perhaps a last opportunity to 
prevent recurrence in the RPLN. 

Dissection of the retropharyngeal nodes can be per- 
formed separately or in continuity with the resection of the 
primary tumor. When it is done electively, this operation 
is relatively simple and it takes only a few minutes. On the 
other hand, when the RPLNs are grossly involved by the 
tumor, the operation may be difficult and sometimes not 
feasible. The proximity of the nodes to the internal carotid 
artery and prevertebral structures is such that these struc- 
tures may be involved as soon as tumor extends beyond 
the capsule of the lymph nodes. The technique of retro- 
pharyngeal node dissection has been described in detail by 
Vasan and Medina (7). 

In a retrospective study designed to assess the frequency 
of RPLN metastases in 774 patients with SCCA of the 
nasopharynx, oropharynx, hypopharynx, and supraglottis, 
using enlargement of the RPLN on CT scans as an indica- 
tor of the presence of metastases, McLaughlin et al. (113) 
found an overall incidence of radiologically “positive” 
RPLN of 9% in the patients. The highest incidence was seen 
in patients with cancer of the nasopharynx (74%) and the 
pharyngeal walls (19%). They also noted that in patients 
with advanced cancer of the oropharyngeal walls and hypo- 
pharynx, the incidence of radiologically positive RPLN was 
higher in patients with cervical metastases (N+ necks) than 
in those with an NO neck (pharyngeal wall: N+ 21%, NO 
16%; hypopharynx: N+ 9%, NO 0%) (113). 

Amatsu et al. (114) studied 82 patients who had RPLN 
dissection for SCCA of the hypopharynx and cervical 
esophagus. They reported finding metastases in the RPLN 
in 16 patients (20%) (114). Fourteen of these patients had 
hypopharyngeal cancer, and the posterior pharyngeal wall 
was involved in 57% of them. In keeping with the stud- 
ies mentioned previously, the majority of patients with 
RPLN metastases also had metastases in other neck nodes. 
However, in 15% of the patients with RPLN metastases, the 
neck was staged NO (114). 

In these studies, the presence of RPLN metastases did 
not appear to influence survival (115,116). Recently, Gross 
et al. (117) found no statistically significant difference in 
the rate of local/regional recurrence, survival, or distant 
metastases between patients with RPLN metastases and 
those without them. These authors attribute this find- 
ing to more aggressive, multimodality treatment of these 
patients, and they advocate performing RPLN in patients 
with advanced tumors of the oropharynx, hypopharynx, 
and supraglottic larynx (117). 


Paratracheal and Upper Mediastinal Lymph Node 
Dissection 

The paratracheal nodes are a common site of metasta- 
ses for laryngeal carcinomas that involve the subglottic 
region and for carcinomas of the cervical esophagus. 
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In a study that included 91 patients with carcinoma of 
the larynx who underwent PTLN dissection, Weber et al. 
found that metastases to these lymph nodes occurred 
more often in patients with subglottic tumors (40%) 
and transglottic tumors (21.4%), but they also occurred 
in patients with glottic (13%) and supraglottic tumors 
(15.7%). The presence of PILN metastases had a sig- 
nificant negative impact on survival. While the survival 
at 48 months for the entire group of 141 patients was 
60%, none of the 29 patients with PTLN metastases sur- 
vived beyond 42 months (P > 0.001) (8). In 2005, Plaat 
et al. performed a retrospective study of 85 patients who 
underwent total laryngectomy and PTLN dissection for 
laryngeal and hypopharyngeal carcinomas. The preva- 
lence of PITLN metastases was 30%, 12%, and 67% in 
patients with supraglottic, glottic, and subglottic carcino- 
mas, respectively. Among all laryngeal carcinomas with 
subglottic extension, PTLN metastases were found in 
27% of the cases (118). 

Based on the anatomy of the lymphatic drainage of the 
different laryngeal sites and on the pertinent clinical obser- 
vations described in the literature, dissection or treatment 
with radiation of the lymph nodes in level VI is indicated 
in the following situations (51): 


1. Primary subglottic carcinomas. Treatment/dissection in 
these cases should include the pretracheal and the para- 
tracheal nodes on both sides. 

2. Advanced (T3-T4) glottic carcinomas particularly those 
with involvement of the anterior commissure and with 
subglottic extension. In tumors confined to one side of 
the larynx, treatment/dissection should include the pre- 
laryngeal, pretracheal, and the ipsilateral paratracheal 
nodes. In tumors involving both sides of the larynx, 
treatment should include the paratracheal nodes on 
both sides. 

3. Advanced (T3-T4) supraglottic carcinomas, particularly 
those with involvement of the ventricle/ paraglottic 
space, those with the anterior commissure, and those 
with clinically apparent lymph node metastases in the 
lateral compartment of the neck. In tumors confined 
to one side of the larynx, treatment/dissection should 
include the prelaryngeal, pretracheal, and the ipsilat- 
eral paratracheal nodes. In tumors involving both sides 
of the larynx, treatment should include the paratracheal 
nodes on both sides. 


In these situations, a neck dissection may need to be extended 
to include the paratracheal and pretracheal lymph nodes; 
failure to do so may predispose to the development of peris- 
tomal recurrence. It should also be emphasized that the pres- 
ence of metastases in PTLN has been found to be associated 
with increased tumor recurrence (51). 

In addition, lymph node metastases from thyroid 
carcinomas tend to occur first in the paratracheal nodes 
regardless of the location of the primary within the thy- 
roid gland (119). 
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Resection of the Carotid Artery 

Controversy still exists about the advisability of extending 
a neck dissection to resect the common or the internal 
carotid artery. Initial reports on carotid artery resection 
showed very poor results, with approximately 50% of 
patients suffering either a severe stroke or death. Recent 
reports have shown a decrease in these events to approxi- 
mately 25%, with modest improvement in survival com- 
pared to those who did not undergo resection. This is 
epitomized by the recent report by Freeman et al. (120) 
of their experience with 58 patients with neck metasta- 
sis adherent to the internal or common carotid artery. 
Angiography was used in patients who demonstrated 
fixation of the tumor to the carotid artery on examina- 
tion or imaging, followed by balloon test occlusion and 
single photon emission computer tomography (SPECT) 
brain scanning. In most patients (70%), the carotid was 
reconstructed with a vein graft, especially if there was 
insufficient collateral cerebral circulation. In addition, 
these patients were given 15 to 20 Cy of intraoperative 
radiation. In their more recent cases, the carotid was 
permanently occluded preoperatively when possible. 
Unfortunately, in spite of such aggressive treatment pre- 
ceded by a systematic, “state of the art” preoperative 
assessment, the median disease-specific survival was 12 
months and 11 patients (19%) suffered a stroke (120). 
The mean 1-year disease-free survival rates reported in 
the literature after resection and reconstruction of the 
carotid vary between 0% and 44% (121). 

When considering resection of the carotid the sur- 
geon must make critical preoperative, intraoperative, and 
postoperative decisions. Preoperative evaluation of these 
patients requires a clear understanding of the methods 
available for assessment of the cerebral circulation. Several 
tests are available that involve occlusion of the carotid 
artery with either digital pressure (Matas test) or using 
a balloon during arteriography. The objective of each 
method is to determine a “critical point” that indicates 
when reconstruction of the artery is necessary. With the 
transcranial color Doppler method, the “critical point” is 
reverse flow from the external carotid artery to the inter- 
nal carotid. Technetium-99m hexamethylpropyleneamine 
oxime brain SPECT measures cerebral perfusion. A 19% 
to 29% reduction in radioactivity is considered the “criti- 
cal point.” Unlike some of the other methods, this is not 
a real-time measurement but requires delayed imaging. 
Another method uses Xenon in an aerosolized mixture 
that is inhaled by the patient, and then cerebral perfu- 
sion is measured by CT scan. Xenon is concentrated in 
areas of the brain that are well perfused, correlating with 
blood flow. Two CT scans are obtained to assess cere- 
bral blood flow: the first one during balloon occlusion 
and the second after the balloon is released. The “criti- 
cal point” is a 25% reduction in the degree of enhance- 
ment on the first occlusion scan compared to the open 
study. Electroencephalography has a distinct disadvantage 


compared to other methods. It does not evaluate blood 
flow volume to the brain directly. However, it has the 
advantage that it can be used intraoperatively. The “criti- 
cal point” is a 50% attenuation of the somatosensory- 
evoked cortical potential in relation to the preoperative 
exam. Finally, stump pressure measurements can be taken 
during angiography to determine the pressure on the dis- 
tal side of the balloon when it is occluded. The critical 
point is a measurement of less than 50 mm Hg. There is 
significant individual variability with this measurement, 
as it is affected by systemic blood pressure. 

Intraoperatively, patients with frank involvement of 
the carotid wall whose preoperative evaluation indicates 
intolerance to carotid ligation should have the carotid 
reconstructed. Saphenous vein grafts are preferred over 
prosthetic grafts for reconstruction, and if the skin has 
been heavily radiated or a portion of skin over the carotid 
is resected, an appropriate flap should be used to cover 
the graft. There is still considerable debate regarding the 
routine use of intraoperative shunts, and to date, there 
has not been a prospective study to prove their usefulness. 
However, shunting is clearly indicated when there is angi- 
ographic evidence of inadequate flow through the circle 
of Willis. 

Postoperatively, delayed strokes can occur in as many as 
25% of patients who have undergone carotid artery resec- 
tion without reconstruction, even if they “passed” the bal- 
loon occlusion test (122). Flow from the contralateral 
side through the circle of Willis prevents a stroke initially. 
However, the resection creates an arterial stump that begins 
at the takeoff of the middle cerebral artery and continues 
down to the level of the resection. This can be a site for 
thrombus formation, which can then propagate up into the 
circle of Willis. Alternatively, the thrombus may produce 
emboli that can travel into the distribution of the middle 
cerebral artery. While these mechanisms have not been con- 
clusively proven, many surgeons advocate the use of hepa- 
rin postoperatively to prevent delayed strokes following 
resection of the internal carotid artery. Recommended doses 
range from 5,000 units subcutaneously twice a day to full 
therapeutic anticoagulation (123). The benefit of anticoagu- 
lation has not been shown in a prospective controlled study. 


“CONTRAINDICATIONS” TO NECK 
DISSECTION 


It is not advisable to attempt a neck dissection when 
the diagnostic evaluation of the patient reveals any of 
the following circumstances: (a) frank involvement of the 
carotid wall in patients whose preoperative evaluation 
indicates intolerance to carotid ligation, and the location 
and extent of the tumor in the neck is near the skull base, 
precluding reconstruction of the carotid artery and (b) 
involvement of the base of the skull, paraspinal muscles, 
and transverse processes of the cervical vertebrae and the 
brachial plexus. 


ADJUVANT THERAPY FOLLOWING 
NECK DISSECTION 


Numerous studies in the 1980s showed that the rate of 
tumor recurrence in the neck is decreased by the addi- 
tion of postoperative radiation, when multiple nodes are 
involved at multiple levels of the neck, and when extracap- 
sular spread (ECS) of the tumor is found (124-126). Since 
then, it has also been accepted that timing of the initia- 
tion of radiotherapy is important; delays beyond 6 weeks 
may compromise tumor control (125). The seminal study 
of Peters et al. in the early 1990s established the dose of 
postoperative radiation therapy that is essential to achieve 
optimal results. Daily fractions of 1.8 Gy to a total dose 
of 57.6 Gy to the entire operative bed is currently recom- 
mended. Sites of increased risk for recurrence, such as areas 
of the neck where ECS of the tumor was found, should be 
boosted to 63 Gy (127). A prospective, randomized clinical 
study published in 2004 showed that the concurrent post- 
operative administration of chemotherapy (cisplatin 100 
mg/m? on days 1, 22, and 43) and radiotherapy (60 to 66 
Gy in 30 to 33 fractions over 6 to 6.6 weeks) significantly 
improved the rates of local and regional control and dis- 
ease-free survival in patients with high-risk resected head 
and neck cancers (128). The high-risk criteria included any 
or all of the following: histologic evidence of metastases 
in two or more lymph nodes, ECS, and microscopically 
involved margins of resection. Although the study sub- 
jects were stratified according to the presence or absence 
of microscopically positive margins, the published results 
did not include an analysis of outcomes with and without 
concomitant chemotherapy in the cohort of patients with 
microscopically negative margins, which would have elu- 
cidated whether or not the addition of chemotherapy was 
beneficial to patients with high-risk neck disease. A simi- 
lar study by the European Organization for Research and 
Treatment of Cancer (EORTC), published at the same time, 
included patients with various clinical (primary tumor and 
nodal volume and nodal site) and pathologic (involved 
margins of resection, ECS, perineural involvement, and 
vascular embolism) high-risk factors related to neck metas- 
tases (129). It also showed that concomitant postoperative 
chemoradiation was significantly more efficacious than 
radiation alone in these high-risk patients. However, resec- 
tion margins were positive in 30% of the patients included 
in the study and the design did not include an analysis 
focused on the neck disease factors. Nonetheless, both of 
these studies suggest that the addition of chemotherapy 
may be beneficial to patients with resectable head and neck 
cancers who have advanced neck metastases, N2—N3, and 
to patients with NO or N1 disease who are found to have 
multiple histologically positive nodes or ECS of the tumor. 

In a subsequent analysis of both the EORTC and 
Radiation Therapy Oncology Group (RTOG) studies, 
Bernier et al. (130) found that chemoradiation improved 
overall survival in patients with ECS and/or positive 
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margins in both studies (EORTC P = 0.0019; RTOG 
P = 0.0.63). Thus, in regard to adjuvant treatment of neck 
metastases following neck dissection, the presence of ECS 
of the tumor is currently considered an indication for 
postoperative concurrent chemoradiation. 


CURRENT CONTROVERSIES 


Pertinent controversies regarding neck dissection con- 
cern the need for postoperative radiation in patients with 
pathologically proven metastasis in a single cervical lymph 
node (pN1) and the need for and the extent of “planned” 
neck dissection in patients with SCCA of the upper aerodi- 
gestive tract who have clinically obvious neck node metas- 
tases (N+ neck) and are treated with radiation alone or in 
combinations with chemotherapy. 


IS Postoperative Radiation Beneficial in the 
Pathologically N, (pN,) Neck? 


When a single metastasis is found (pN,) in a neck dissec- 
tion specimen, surgery alone has been considered ade- 
quate treatment. Recently, however, regional recurrence 
rates from 16% to 25% have been reported with surgery 
alone, and it has been suggested that postoperative radia- 
tion may be beneficial (73,131). 

In a retrospective analysis of 517 SNDs performed in 
363 patients, Byers et al. found 51 (17.6%) patients who 
had metastases in only one lymph node (pathologically 
N1) with or without ECS. A regional failure occurred in 
2 of 36 (5.6%) of these patients who received postop- 
erative radiation and in 5 of 14 patients (35.7%) who 
did not. All recurrences were within the dissected area of 
the neck (73). More recently, Chen et al. (132) analyzed 
59 patients with T1-T2/NO-N1 SCCA of the oral cavity 
to determine the effect of postoperative radiation. Of the 
patients staged pathologically N1, 28 received postop- 
erative radiation and 31 did not. With a mean follow-up 
period of 46 months (12-109), locoregional recurrences 
occurred in 14% of the patients who received postopera- 
tive radiation and in 39% of the patients who did not. As 
in the Byers’ study, all regional recurrences occurred within 
the dissected neck. To characterize further the impact of the 
N1 status and radiation, the authors excluded from the 
analysis patients with ECS, positive margins, lymphovas- 
cular invasion, and perineural invasion and compared 
those who had received post-op XRT with those who did 
not. The 5-year disease-free survival rate and overall sur- 
vival were 95% and 92.3%, respectively, for the group that 
received postoperative radiation and 54.7% and 54.9%, 
respectively, for the group that did not. On the other hand, 
radiation was not found to be beneficial in an unpublished 
retrospective review we conducted of 58 patients with T1/ 
T2 SCCA of the oral tongue treated with surgery, which 
included an ipsilateral SND, who were found to have metas- 
tasis in a single lymph node. These patients were treated 
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at seven institutions and were followed for a minimum of 
2 years. Twenty-two (38%) patients were treated with sur- 
gery alone, while 36 (62%) received postoperative radia- 
tion. In the group treated with surgery alone, two patients 
had recurrence at the primary site and in the neck. Of the 
remaining 20 patients, 6 patients (30%) had recurrences 
in the neck (5 contralateral and 1 simultaneous ipsilateral 
and contralateral). In the surgery plus radiation group, four 
(11%) tumors recurred in the neck, all within the operative 
field. The difference in the rate of recurrence in the neck for 
the two groups was not statistically significant. 

Thus, it appears that a prospective randomized study is 
necessary to determine in a controlled manner whether or 
not postoperative radiation is beneficial in patients whose 
neck is pathologically staged N1. 


“Planned” Neck Dissection After “Organ 
Preservation” for Squamous Cell Carcinoma 
of the Head and Neck 


The treatment of advanced carcinomas of the larynx and 
pharynx has evolved from surgery and postoperative 
radiation to “organ preservation” strategies with hyper- 
fractionated radiation and more recently with various com- 
binations of radiation and chemotherapy. This has brought 
up several dilemmas in the management of patients with 
clinically obvious lymph node metastases, particularly 
those with advanced neck disease (N2-N3). 

The first dilemma is whether or not a planned neck dis- 
section should be performed, irrespective of the response 
of the tumor in the neck to the treatment with radiation 
or chemoradiation. Some clinicians argue that a neck 
dissection should be carried out as part of the treatment 
plan, irrespective of the response of the tumor in the neck, 
because the clinical and pathologic responses of the tumor 
in the neck correlate poorly with each other. In a study 
by Brizel et al. (133), a planned neck appeared to confer 
a disease-free survival and overall-survival advantage in 
patients with N2-N3 disease undergoing chemoradiation, 
with acceptably low morbidity. This was a retrospective 
study of a cohort of 108 patients with advanced squa- 
mous carcinoma of the head and neck, who presented 
with nodal disease and were treated with hyperfractionated 
radiotherapy and concurrent cisplatinum and 5-fluoro- 
uracil. A “modified neck dissection” was performed in 65 
patients, while 29 patients did not undergo neck dissection 
because of “the physician and/or patient preference.” The 
4-year disease-free survival was 70% for patients with N1 
disease, irrespective of the clinical response or whether a 
neck dissection was performed. For patients with N2-N3 
disease who had a complete clinical response to chemo- 
radiation, the 4-year disease-free survival rate was 75% for 
those who had a neck dissection and 53% for those who 
did not. This difference was not statistically significant 
(P = 0.08). However, the 4-year overall survival rate was sig- 
nificantly better (77% vs. 50%) for the group treated with 


neck dissection (P = 0.04). These authors and others have 
suggested that a planned neck dissection be considered for 
all patients with N2 and N3 disease (133,134). 

On the other hand, some clinicians argue that it is not 
necessary to perform a “planned” neck dissection when 
the tumor in the neck undergoes a complete response to 
the treatment (135,136). This position is based on the 
observation that less than a third of patients with clini- 
cally positive nodes before therapy have histologic evi- 
dence of metastases at neck dissection (137), even when 
there is residual clinical or radiologic “adenopathy” in the 
neck after completion of (chemo)radiation (138,139). 
Furthermore, when the tumor in the neck undergoes a 
complete response to the treatment, the probability of an 
isolated recurrence in the neck is low (0% to 11%) if the 
patients are simply observed (135-141). 

The controversy over whether or not a planned neck dis- 
section (PND) is needed is in good part due to the inabil- 
ity to determine, preoperatively, when a complete clinical 
response is associated with the presence or absence of via- 
ble tumor cells. PET scanning may be useful in identifying 
the subset of patients who need a neck dissection, since this 
imaging modality has been shown to be more accurate than 
others in the evaluation of patients following treatment 
(142). However, the timing of posttreatment PET imaging 
appears to be important. In a series of 12 patients studied 
prospectively by Rogers et al. (143) a positive PET 1 month 
after radiation therapy accurately indicated the presence of 
residual disease in all cases; however, a negative PET indi- 
cated absence of disease in only 14% of the cases. Other 
studies have also shown that PET scan obtained 1 month 
after completion of treatment with radiation was inaccurate 
in predicting the presence of residual cancer (144). In con- 
trast, a PET scan done 12 weeks after completion of treat- 
ment with radiation or chemoradiation may be more useful 
(145). Porceddu et al. (146) evaluated the utility of PET 
imaging in 39 N+ patients who achieved a complete response 
at the primary site but had a residual mass in the neck, 
8 weeks or more after definitive (chemo)radiotherapy. The 
PET scan was performed at a median of 12 weeks (range, 
8 to 32 weeks) after treatment. Interestingly, the PET scan 
showed no metabolic activity in the residual mass in 32 
patients. Five of these patients had a neck dissection and 
the neck dissections were all pathologically negative. The 
remaining 27 patients were observed for a median of 
34 months (range 16 to 86 months), and only one of them 
had a locoregional recurrence. Thus, the NPV of PET for via- 
ble disease in a residual anatomic abnormality in the neck 
was 97%. These authors concluded that a neck dissection 
is not necessary in patients who have achieved a complete 
response at the primary site but have a residual abnormal- 
ity in the neck that is PET negative approximately 12 weeks 
after treatment and that these patients can be observed 
safely. Others have reported similar results. Rabalais et al. 
(147) in a retrospective analysis of 52 patients treated with 
chemoradiation therapy (CRT) found that 10 (19.2%) had 


a positive PET scan on an average 11.8 weeks after comple- 
tion of treatment. Three of the ten underwent neck dissec- 
tion of which two partial responders had residual disease 
and the one complete responder did not. The remaining 
7 (70%) patients were observed only. One of these patients 
was shown to have residual tumor on FNA but was nota sur- 
gical candidate for neck dissection and another had disease 
in the neck in addition to persistent disease at the primary 
site. Of the five remaining patients with positive PET-CT 
results who did not undergo PND, all five showed gradual 
resolution of the disease on serial PET-CT scans with no 
failures in the neck. Of the 42 (81%) who had a negative 
posttreatment PET finding, 2 underwent neck dissection 
for palpable lymphadenopathy and 3 had neck dissections 
as a component of salvage surgery for the primary tumor. 
None of the five neck dissection specimens revealed resid- 
ual tumor. There were no isolated neck recurrences in the 
remaining 37 patients (average follow-up of 60.4 weeks). 
Recently, Corry et al. (148) reviewed their experience with 
N2/N3 disease following CRT in 102 patients. Of the 28 
patients in whom there was a complete response within the 
primary and a partial response in the neck, 11 patients dem- 
onstrated resolution of their adenopathy with continued 
observation, 1 was diagnosed with metastatic disease prior 
to any further therapy, and 16 patients had a neck dissec- 
tion of which 9/16 (65%) were pathologically negative. In 
another study, patients with a clinically complete response 
to chemoradiation who were observed rather than hay- 
ing a neck dissection demonstrated a regional failure rate 
of 3% to 8%, and if negative PET imaging was included as 
part of the definition of a complete response, the regional 
failure rate decreased to 0% to 3% (149). Thus, it appears 
from this information that observation with a PET-CT 
obtained at least 12 weeks after completion of chemoradia- 
tion is a reasonable alternative to a “routine” planned neck 
dissection (149). 

The second dilemma regarding “planned” neck dissec- 
tions is the extent of the operation. Traditionally, surgeons 
performed comprehensive neck dissections (levels I-V) 
with or without preservation of nonlymphatic structures 
(150). Recently, however, surgeons have reported perform- 
ing SNDs with reasonable results (151). Robbins et al. 
(140,151) performed 33 SNDs in patients treated with tar- 
geted intra-arterial high-dose cisplatin infusions combined 
with radiation therapy (RADPLAT). There was only one 
recurrence in the neck. Stenson et al. (152) reported the 
results in 69 patients who had planned neck dissections 
after various concomitant chemoradiation protocols. The 
majority of them (56/69) underwent an SND and only one 
patient had a recurrence in the neck. These studies suggest 
that SND may be an appropriate option for some patients 
with an N+ neck who are treated with organ preservation 
regimens. 

Robbins et al. (153) in 2005 reported the results of 106 
neck dissections performed in 84 patients with advanced N 
stage disease (N2-N3) that were treated with the RADPLAT 
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protocol. Fourteen neck dissections were radical or modi- 
fied radical, eighty-one were selective, and eleven were 
dissections of levels II and III and were labeled as “super 
selective neck dissections” (SSNDs). Interestingly, there 
were no recurrences in the neck in the group that under- 
went SSND. The authors outlined the indications for the 
different types of neck dissection as follows: In general, an 
RND or MRND was performed in patients in whom the 
residual lymphadenopathy involved multiple levels, an 
SND was performed when the residual disease was con- 
fined to two levels involving the lymph node groups at 
greatest risk, and an SSND was performed when the resid- 
ual lymphadenopathy was confined to one level. 

Vasan et al., at our institution, investigated the feasi- 
bility of performing a “single-level dissection.” To that 
end, they studied a cohort of 51 patients, treated between 
January 1999 and March 2005, who underwent a total of 
55 “planned” neck dissections for clinically or radiologi- 
cally apparent residual disease in the neck, after definitive 
treatment of the primary tumor and neck with radiation 
therapy alone or with chemotherapy (138). The primary 
tumor was in the tonsil in 20 (39%) patients, base of the 
tongue in 12 (23%), supraglottic larynx in 10 (20%), hypo- 
pharynx in 4 (8%), faucial arch in 3 (6%), and “unknown” 
in 2 (4%). The neck was staged N1 in 19 (38%) patients, 
N2A in 8 (16%), N2B in 10 (20%), N2C in 6 (12%), and 
N3 in 7 (14%). All patients were treated with radiation 
therapy with curative intent. The mean radiation dose was 
7,077 cGy and 5,814 cGy to the primary and neck, respec- 
tively. Twelve patients also received chemotherapy. The 
neck dissections performed included lymph node levels 
II-IV in 32 (58%) of the cases, II-III in 16 (29%), I-IV 
in 4 (7.1%), and one each of I-IV, II-V, and II only. In 
19 dissections (34%), nonlymphatic structures were 
removed, including the JV (19/34%), a portion or all of 
the SCM (14/25%), the digastric (5/9%), and the cranial 
nerve XI (4/7%). Interestingly, Robbins et al. (140,151) 
also reported the need to remove one or more of these 
nonlymphatic structures in 24% of “planned” SNDs. The 
pathologists found histologically “viable looking” tumor 
in one or more lymph nodes in 15 of the 55 neck dissection 
specimens; thus, the yield of histologically positive nodes 
was 27.2%. In the analysis of the distribution of the posi- 
tive nodes, five patients had clinical or radiologic evidence 
of metastases of one or more nodes in level II only; in all of 
them (5/5), histologically positive nodes were found only 
in level II. Eight patients had clinical/radiologic evidence 
of metastases in one or more nodes in levels II and III (one 
patient also had a node in level V); histologically positive 
nodes were found in level II in one instance, in level Il 
in four, and in levels II, IIL, and IV in three. Two patients 
had clinically/radiologically positive nodes in levels I and 
I; histologically positive nodes were found in levels I and 
IL in one of them and in levels I and III in the other. Over a 
mean follow-up time of 25.9 months, there were only two 
recurrences in the neck (4%). 
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These findings confirm the effectiveness of SND in the 
management of residual disease in the neck. In addition, 
they suggest that it may be feasible to perform a single- 
level dissection in patients whose disease is confined to 
level Il nodes, before, during, and after treatment with 
radiation with or without chemotherapy. Boyd et al. (154) 
noted a predictable pattern of residual metastases follow- 
ing irradiation and suggested that a lateral (II-IV) neck 
dissection may be appropriate in the majority of patients. 
In this study, of nine positive specimens, six revealed 
malignant cells in a single nodal echelon. Obviously such 
an approach must be investigated further in prospective 
studies. 

More recently, investigators have used CT scans of the 
neck following chemoradiation to determine the extent of 
neck dissection. Goguen et al. (155) and Yeung et al. (156) 
noted that the NPV for CT for the posttreatment neck was 
95%, They noted that an SND or SSND guided by post- 
treatment CT would have captured all disease in 95% and 
93% of the cases, respectively. 


SEQUELAE OF NECK DISSECTION 


The most notable sequelae observed in patients who have 
undergone an RND are related to removal of the spinal 
accessory nerve. The resulting denervation of the trapezius 
muscle, one of the most important shoulder abductors, 
causes destabilization of the scapula with progressive flar- 
ing at the vertebral border, drooping, and lateral and ante- 
rior rotation. The loss of trapezius function decreases the 
patient’s ability to abduct the shoulder above 90 degrees. 
These physical changes result in the recognized shoulder 
syndrome of pain, weakness, and deformity of the shoul- 
der girdle commonly associated with the RND. It should 
also be noted that preserving the cervical plexus contri- 
butions to the spinal accessory nerve may not decrease 
shoulder morbidity significantly (157). Furthermore, 
shoulder disability after neck dissection results not only 
from the spinal accessory nerve dysfunction but also from 
secondary glenohumeral stiffness caused by weakness 
of the scapulohumeral girdle muscles and postoperative 
immobility. 

A number of studies have demonstrated that when 
compared with the RND, neck dissections that preserve 
the spinal accessory nerve are associated with less shoul- 
der pain (158), better shoulder function, and overall 
quality of life (79-83,159). However, these studies also 
provide evidence that even procedures that involve mini- 
mal dissection of the spinal accessory nerve can result in 
shoulder dysfunction. Although this dysfunction is often 
reversible, it behooves the surgeon to make every effort 
to avoid undue trauma to the nerve, particularly stretch- 
ing, during any neck dissection in which the nerve is pre- 
served. In addition, every patient who undergoes neck 
dissection must be questioned about the function of the 
shoulder and must be evaluated by a physical therapist 


early in the postoperative period. If any deficit is detected, 
the patient should be properly counseled and coached 
to ensure proper rehabilitation of the shoulder. Physical 
therapy aimed to early recovery of passive motion and to 
avoid the occurrence of joint fibrosis has been shown to be 
beneficial (160). It has also been suggested that progres- 
sive resistance exercise training may be a useful adjunct 
to standard physical therapy (161). It should be kept in 
mind, as mentioned earlier, that shoulder pain after neck 
dissection may not be the result of dysfunction of the spi- 
nal accessory nerve. Consequently, if a patient experiences 
shoulder pain after neck dissection, the trapezius muscle 
and active bilateral abduction of the shoulder should be 
examined to determine if the spinal accessory nerve is 
involved (162). 


COMPLICATIONS OF NECK DISSECTION 


In addition to the medical complications that can occur 
after any surgical procedure in the head and neck region, 
several surgical complications can be related solely or in 
part to neck dissection. 


Infection 


Following clean neck dissections, those in which the upper 
aerodigestive tract is not entered, wound infections are 
not common. Interestingly, however, a recent prospective 
study, designed to evaluate the effects of a prophylactic 
antibiotic regimen (ampicillin-sulbactam for 24 hours) 
on the incidence of infection after clean neck dissection, 
showed that the infection rate in patients who were treated 
with the antibiotic was 1.7% compared to a significantly 
higher rate (13.3%) among patients who did not receive 
an antibiotic (P = 0.02) (163). 


Air Leaks 


Circulation of air through a wound drain is a common 
complication that usually is encountered during the first 
postoperative day. The point of entrance of air may be 
located somewhere along the skin incision. If the drains 
are connected to suction in the operating room near the 
completion of the wound closure, however, such an air 
leak usually becomes apparent then and can be corrected. 
Other points of entrance may not become apparent until 
after surgery, when the position of the neck changes or the 
patient begins to move. The typical example of this situa- 
tion is the improperly secured suction wound drain that 
gets displaced, exposing one or more of the drain vents. 
A similar situation can occur when a skin graft to recon- 
struct a cutaneous defect is created in conjunction with the 
neck dissection. Movement of the neck can produce an air 
leak even after meticulous suturing of the skin graft. This 
can be prevented by applying an adhesive vinyl drape over 
the graft and surrounding skin to seal any possible air leak 


instead of or in addition to the bolster of gauze tradition- 
ally used to immobilize a skin graft. 

Air leaks with potentially more serious consequences 
are those that occur through a communication of the neck 
wound with the tracheostomy site or through a mucosal 
suture line. In addition to air, contaminated secretions may 
be circulated through the wound. Thus, early identification 
of the site of leakage is desirable but may not be a simple 
task, and correcting it may require revision of the wound 
closure in the operating room. 


Bleeding 


Postoperative hemorrhage usually occurs immediately after 
surgery. External bleeding through the incision, without dis- 
tortion of the skin flaps, often originates in a subcutaneous 
blood vessel. In most instances, this bleeding can be con- 
trolled readily by ligation or infiltration of the surrounding 
tissues with an anesthetic solution containing epinephrine. 
On the other hand, pronounced swelling or ballooning of 
the skin flaps in the immediate postoperative period, with 
or without external bleeding, must be attributed to a hema- 
toma in the wound. If detected early, milking the drains 
occasionally may result in evacuation of the accumulated 
blood and resolve the problem. If this is not accomplished 
immediately or if blood reaccumulates quickly, however, it 
is best to return the patient to the operating room and to 
explore the wound under sterile conditions, evacuate the 
hematoma, and control the bleeding. Attempting to do this 
in the recovery room or at the bedside may be ill-advised, 
because lighting may be inadequate, surgical equipment 
improvised, and sterile conditions precarious. Failure to 
recognize or to manage properly a postoperative hematoma 
may predispose the patient to the development of a wound 
infection. Although bulky pressure dressings may be use- 
ful in curtailing postoperative edema, they do not prevent 
hematomas and may in fact delay their recognition. 


Chylous Fistula 


The reported incidence of chyle fistula following neck dis- 
section varies between 1% and 2.5%. In most patients who 
develop a postoperative chylous fistula, a chylous leakage is 
identified and apparently controlled intraoperatively (164). 
These observations behoove the surgeon to avoid injury to 
the thoracic duct proper and also to ligate or clip any visu- 
alized or potential lymphatic tributaries in the area of the 
thoracic duct, which may be accomplished with relative 
ease if the operative field is kept bloodless when dissecting 
in this area of the neck. Furthermore, as soon as the dissec- 
tion of this area is completed and again before closing the 
wound, the area is observed for 20 or 30 seconds while the 
anesthesiologist increases the intrathoracic pressure. 

Even the smallest leak of chylous material must be 
pursued seriously until it is arrested. Direct damping and 
ligating may be difficult and sometimes counterproductive 
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as a result of the fragility of the lymphatic vessels and the 
surrounding fatty tissue. Hemoclips are ideal to control a 
source of leakage that is clearly visualized. Otherwise, it is 
preferable to use suture ligatures with pliable material, such 
as 5 to O silk, that are tied over a piece of hemostatic sponge 
to avoid tearing. In the immediate postoperative period, 
serum and drainage levels of triglycerides and cholesterol 
obtained on the first postoperative day may be useful param- 
eters to predict early the occurrence of a chyle fistula (165). 

Management of a chyle leak noted postoperatively depends 
on the time of onset of the leak, the amount of chyle drainage 
in a 24-hour period, and the presence or absence of accumula- 
tion of chyle under the skin flaps (164,166). When the daily 
output of chyle exceeds 600 mL in a day or 200 to 300 mL/day 
for 3 days, especially when the chyle fistula becomes apparent 
immediately after surgery, conservative closed wound man- 
agement is unlikely to succeed (167). In such cases, it is prefer- 
able to explore the wound early, before the tissues exposed to 
the chyle become markedly inflamed and before the fibrinous 
material that coats these tissues becomes adherent, obscuring 
and jeopardizing important structures such as the phrenic and 
the vagus nerves. Surgical exploration is also warranted when 
chyle accumulates under the skin flaps either because of inad- 
equate drain size or because of the volume or consistency of 
the chyle causes partial or compete obstruction of the drains. 

On the other hand, chylous fistulae that become appar- 
ent later in the postoperative period, after enteral feedings 
are resumed, or those that drain less than 200 to 300 mL 
of chyle per day are initially managed conservatively with 
closed wound drainage, pressure dressings (which are cum- 
bersome to secure in this area of the neck), repeated aspi- 
rations, and diet modifications aimed at decreasing chyle 
drainage while maintaining nutritional support. Usually, 
nutrition can be provided enterally using elemental diets 
supplemented with medium-chain triglycerides, which are 
absorbed directly into the portal circulation bypassing the 
lymphatic system. In some patients, parenteral nutrition 
may be necessary (168). If these measures fail, the neck is 
surgically explored and the leak is identified and dealt with 
appropriately. Sometimes, this intervention is unsuccess- 
ful and the leak persists. The use of fibrin glue and a cla- 
vicular periosteal flap may be useful to control the leak in 
such cases (169). Percutaneous lymphangiography guided 
cannulation and embolization of the thoracic duct is an 
effective minimally invasive alternative to open surgical 
intervention (170). Success with this technique has been 
reported in as many as 45% to 70% of the cases (167). In 
a recent report, Nyquist et al. described a case in which a 
chylous fistula stopped draining 24 hours after the admin- 
istration of octreotide (100 micrograms given subcutane- 
ously three times a day). These authors postulate that the 
effect of octreotide on chylous fistulae may be due to its 
ability to reduce gastrointestinal and pancreatic secretions, 
decrease hepatic venous pressure, and reduce splanchnic 
blood flow, which may decrease thoracic duct flow and 
relative concentration of triglycerides (171). 
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Ipsilateral chylothorax can occur following neck dissec- 
tion. Bilateral chylothorax as a complication of neck dis- 
section is extremely rare, but it is potentially serious and 
sometimes fatal (172,173). 


Facial or Cerebral Edema 


Synchronous bilateral RNDs, in which both JVs are 
ligated, can result in the development of facial edema, cere- 
bral edema, or both. The facial edema sometimes can be 
dramatically severe. It appears to be a mechanical problem 
of venous drainage, which resolves to a variable extent with 
time as collateral circulation is established. It appears to be 
more common and more severe in patients who had previ- 
ous radiation to the head and neck and in those patients in 
whom the resection includes large segments of the lateral 
and posterior pharyngeal walls. We have been able to pre- 
vent massive facial edema by preserving at least one exter- 
nal jugular vein whenever a bilateral RND is anticipated. 
The external jugular usually is separated from the tumor 
in the neck by the SCM and can be dissected free between 
the tail of the parotid and the subclavian vein. Others have 
reconstructed one internal jugular using various techniques 
including vein with saphenous vein grafts or by using a seg- 
ment of one of the resected jugular veins, distal to the site 
of tumor involvement (174,175). The development of cere- 
bral edema may be at the root of the impaired neurologic 
function and even coma that can occur after bilateral RND. 
Following neck dissection, a syndrome of inappropriate 
secretion of antidiuretic hormone (SIADH) occurs in 8% 
to 30% of patients. This is a disorder in which release of 
antidiuretic hormone is independent of plasma osmolarity, 
resulting in fluid retention and development of dilutional 
hyponatremia. It occurs significantly more often in patients 
who have a history of smoking and it has been noted to 
resolve within 72 hours (176). It is commonly believed 
that synchronous, bilateral RND causes the SIADH, pre- 
sumably as a result of increased intracranial pressure. This 
belief is based mainly on the results of an experimental 
study published in 1978 in which occlusion of the supe- 
rior vena cava in dogs resulted in increased intracranial 
pressure and SIADH. Using an animal model that more 
closely resembles the clinical condition of bilateral RND, 
Khafif and Medina (177) found that bilateral synchronous 
JV ligation and bilateral RNDs did not result in SIADH in 
dogs. As these results contradict a commonly held belief in 
clinical practice, a prospective evaluation of the physiologic 
changes after bilateral RNDs is warranted. Nevertheless, 
it is possible that an expansion of extracellular fluids and 
dilutional hyponatremia that occurs in some patients after 
neck dissection could aggravate cerebral edema, creating a 
vicious cycle. In practice, this behooves the surgeon and the 
anesthesiologist to curtail the administration of fluids dur- 
ing and after bilateral RNDs. Furthermore, perioperative 
management of fluid and electrolytes in these cases should 
not be guided solely by the patient’s urine output, but also 


by monitoring central venous pressure, cardiac output, and 
serum and urine osmolarity. 


Blindness 


Blindness after bilateral RND is a rare but catastrophic com- 
plication (178). The pathogenesis of it remains unclear. In 
one of the few cases reported in the literature, histologic 
examination revealed intraorbital optic nerve infarction, 
suggesting intraoperative hypotension and severe venous 
distention as possible etiologic factors. In another case, 
bilateral occipital lobe infarcts were demonstrated on CT 
scan (179). 


Apnea 


Some patients may become apneic as a result of loss of 
their hypoxic ventilatory responses due to carotid body 
denervation after bilateral neck dissection. 


Jugular Vein Thrombosis 


Preservation of the IJV during neck dissection does not 
ensure its patency after surgery, particularly when radiation 
therapy is also used. Cotter et al. (180) used preoperative 
and postoperative CT or MRI on 69 patients undergoing 
79 vein-sparing neck dissections. Sixty-eight veins (86%) 
were patent postoperatively. Interestingly, radiation ther- 
apy appears to influence patency of the IJV. Cappiello 
et al. studied the patency of the IJV following selective lat- 
eral neck dissection in a cohort of 34 patients. A preop- 
erative baseline study of vein patency and flow by US was 
obtained followed by postoperative evaluations at 1 week, 
1 month, and 3 months. At 1 week postoperatively, 50% 
of the JVs did not present any alteration in patency, 46% 
had reduced flow, and 4% showed absent flow. However, 
at 3 months, none of the patients showed evidence of IJV 
occlusion. Postoperative radiotherapy did not have a statis- 
tically significant impact on JV patency (P = 0.09) (181). 
A recent report describes the rate of complications 
after planned posttreatment neck dissections in patients 
enrolled in organ preservation protocols. The authors con- 
clude that the rate is similar to that previously for neck 
dissections (37%) and that the rate increases when higher 
preoperative radiation therapy doses are used (182). 


EMERGENCIES 


Carotid Artery Rupture 


The most feared and most commonly lethal complication 
after neck surgery is exposure and rupture of the carotid 
artery, the carotid blowout syndrome (CBS). Therefore, 
every effort must be made to prevent it. If the skin inci- 
sions have been designed properly, the carotid seldom 
becomes exposed in the absence ofa salivary fistula. Fistula 


formation and flap breakdown are more likely to occur in 
the presence of malnutrition, diabetes, and prior radiation 
therapy, which impair healing capacity and compromise 
vascular supply. Faced with any of these risk factors, the 
surgeon must use flawless surgical technique in closing 
oral and pharyngeal defects. Use of perioperative antibi- 
otics and, more importantly, use of free and pedicled vas- 
cularized flaps (which provide skin for closure of mucosal 
defects and variably bulky muscle that can protect the 
carotid) have rendered nearly obsolete the use of “protec- 
tive” measures such as dermal grafts, levator scapulae mus- 
cle flaps, and controlled pharyngostomies. 

Fortunately, CBS has become less frequent; however, 
its frequency may increase again as more salvage proce- 
dures are done in patients whose tumors fail to respond 
to chemoradiation regimens. Therefore, it is essential for 
all head and neck surgeons to be familiar with the current 
management of CBS. In a retrospective review of all HNC 
patients with a diagnosis of CBS seen at our tertiary cancer 
hospital from 1994 to 2009, we found eight patients who 
developed CBS. Powitzky et al. (183) recently published 
an analysis of these cases and a review of 21 studies pub- 
lished in the English-language literature within the past 
15 years. They summarized the presentation, treatment, 
and outcomes of a total of 132 patients. Patients with 
CBS typically have a history of radiotherapy (89%), nodal 
metastasis (69%), and neck dissection (63%). Rupture of 
the carotid usually occurs proximal to the carotid bifurca- 
tion and is commonly associated with soft tissue necrosis 
in the neck (55%) and mucocutaneous fistulas (40%). Half 
of CBS patients present with sentinel bleeding, but 60% of 
patients will develop a life-threatening hemorrhage requir- 
ing emergent intervention. Over 90% of the cases reported 
with initial and recurrent CBS were treated with endovas- 
cular embolization (56%) or stenting (36%). Ligation was 
used in only 7% for primary management of CBS. Those 
clinicians who used endovascular stenting did so because 
it provides constructive repair and allows preservation or 
revascularization of the cerebral blood flow. Overall, how- 
ever, stent placement was associated with a higher risk of 
CBS recurrence (44%) than embolization (10%) or surgi- 
cal ligation (25%). Cerebrovascular accidents occurred in 
12 patients and were the most common cause of death 
next to tumor progression. The mortality rate of patients 
with CBS was high (63%). Only 23% of the patients have 
survived without evidence of disease (average follow-up of 
17 months). 

CBS has a spectrum of presentations that range from 
exposure of the carotid artery to hemorrhage from the 
carotid artery system. Three types of CBS can be recog- 
nized. Type I or threatened CBS, when exposure of the 
carotid artery is found on clinical examination or imaging 
studies (i.e., air surrounding the vessel, adjacent abscess, 
or tumor associated with a fistula or areas of arterial wall 
disruption found on vascular imaging studies). Type II or 
impending blowout, when bleeding episodes occur that 
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resolve temporarily with pressure and wound packing. In 
many cases, these are self-limiting, single incidents that 
may cause little suspicion to those unaware of the patient’s 
history and risk factors for CBS. Sentinel bleeding can 
occur moments to months before hemorrhage. High-risk 
head and neck cancer (HNC) patients should be edu- 
cated to report any occurrences of soft tissue breakdown 
or bleeding so that they may be properly evaluated for 
potential CBS and associated risk factors. Management of 
the exposed carotid depends on the likelihood of rupture, 
based on the length of the exposed segment, the condition 
of the surrounding tissues, and the size of the oropharyn- 
gocutaneous fistula. Large cutaneous defects or large high- 
output fistulae in previously irradiated patients are not 
likely to heal by secondary intention in a timely manner. 
The likelihood of rupture of the carotid in these conditions 
is extremely high. Therefore, an attempt should be made to 
repair the defect and to cover the carotid using well-vascu- 
larized tissue early, before the vessel has been irreversibly 
damaged. Whenever the carotid is exposed, it is advisable 
to take the following carotid rupture precautions: 


m= Warn and instruct nursing personnel and house staff 
about the possibility of a carotid rupture, the site of 
potential rupture, and the steps to be taken in the event 
of bleeding. 

m= Have compatible blood available. 

m Keep appropriate surgical instruments at the bedside. 


Type IL or hemorrhage from the carotid system is usually 
rapidly fatal especially when it occurs outside the hospi- 
tal setting. Bleeding can occur externally through a neck 
wound or “internally” into the pharynx/mouth (less com- 
mon). In the latter cases, the possibility exists for airway 
compromise. Identification of the early stages and pre- 
vention of type III CBS are crucial, as patients with CBS 
who undergo therapy before the development of hemor- 
thage have been shown to have a lower complication rate 
than do those who wait until hemorrhage develops. CT 
and MRI are helpful in finding type I situations, such as 
an exposed carotid vessel within a fistula tract or recur- 
rent tumor with carotid space invasion. Computed tomo- 
graphic angiography, magnetic resonance angiography, 
and arteriography can also be helpful in evaluating pat- 
ents at risk for CBS. Findings include endoluminal and 
vessel wall irregularities and pseudoaneurysm formation 
and extravasation. Angiography is the gold standard for 
diagnosing arterial disorders and is preferred because of 
its therapeutic capabilities; however, it is important to be 
aware of the 8.5% complication rate associated with this 
procedure. 

When a carotid rupture occurs, it is usually possible 
to stop the bleeding with manual pressure while blood 
and fluids are given to restore and maintain the patient's 
blood pressure. Often, in emergency situations, medical 
staff place multiple dressings over the wound, which will 
not apply focused pressure over the bleeding site, and the 
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patient may continue to exsanguinate around them. It is 
more effective to place a gloved finger for pressure to tem- 
porarily control the bleeding until definitive treatment is 
undertaken. Blood pressure must be addressed aggressively 
with proper resuscitation. Only then is the patient taken to 
surgery, since the risk of morbidity with ligation increases 
significantly in the setting of hypotension, which is the 
greatest predictor of a poor outcome in the acute treatment 
of CBS. Attempts to repair the area of rupture are futile. 
Introducing Fogarty catheters through the area of rupture 
helps control the bleeding temporarily while the artery is 
exposed and ligated proximally and distally to the area of 
rupture. 

Endovascular embolization—whether it be with bal- 
loons, coils, or other materials—is more precise than 
ligation, as it targets the exact location of the arterial 
defect. It also decreases the hospital stay and causes less 
of the collateral morbidity that is sometimes associated 
with emergent open ligation procedures, such as injury 
of cranial nerves or ligation of the incorrect trunk or 
branch of the carotid system. Endovascular emboliza- 
tion also has the ability to help predict cerebrovascular 
complications with temporary balloon occlusion and 
collateral cerebral blood flow analysis. Carotid artery 
embolization is associated with 15% to 20% long-term 
neurologic morbidity rate and a much lower incidence 
of associated mortality. 

More recently, constructive endovascular management 
of CBS became available for patients who have risk factors 
for neurologic sequelae after embolization. Constructive 
methods utilize intravascular stents to control vascular 
wall instability while allowing adequate cerebral perfu- 
sion. Some indications used for arterial stenting include 
an incomplete circle of Willis, significant contralateral 
carotid artery atherosclerosis or narrowing, inability to 
perform balloon occlusion tests (proximal atherosclerotic 
stenosis or unstable clinical scenario), and failure to tol- 
erate balloon test occlusion on either clinical or cerebral 
blood flow criteria (decrease of cerebral blood flow of 
more than 20%). 

Regardless of the treatment used, anticoagulation ther- 
apy may be required to prevent thrombosis distal to the 
ligation or endovascular occlusion site or to prevent stent 
thrombosis. Patients with an exposed carotid artery require 
wound management with flap placement to cover and pro- 
tect these vessels. 

Although endovascular treatment within the carotid 
system can have a significant risk of mortality and neu- 
rologic morbidity, it has become the treatment of choice 
for CBS. 


Jugular Vein “Blowout” 


This complication is seen more often because the IJV is 
preserved more frequently during neck dissection. Jugular 
vein rupture should be considered in patients undergoing 


primary tumor excision with MRND complicated by 
a pharyngocutaneous fistula. In a recent study of six 
patients who experienced rupture of the JV, Cleland- 
Zamudio et al. (184) found that patients who have a com- 
plete circumferential dissection of the IJV low in the neck 
and go on to have fistulas develop may be more prone 
to this complication. Typically, bleeding is venous and 
occurs repeatedly. Treatment consists of surgical explora- 
tion and ligation of the jugular vein above and below the 
level of rupture. 


= A comprehensive knowledge of anatomy and physi- 
ology is necessary to understand the nuances of 
surgical planning and technique as well as the pre- 
vention and management of the sequelae and com- 
plications of neck dissection. 

m At the present time, the role of imaging studies 
including PET/CT in the evaluation of the NO neck 
is limited as it will not detect subclinical metastases 
in 20% to 50% of the cases. 

= SLNB is feasible and useful as a staging procedure in 
patients with early carcinomas of the oral cavity, par- 
ticularly for patients with cancers of the oral tongue. 

m There is finally consensus about a classification of 
neck dissections that conveys more precisely the 
extent of lymphatic and nonlymphatic structures 
removed in a neck dissection. 

m There is now a better understanding of the indica- 
tions and limitations of the different neck dissec- 
tions. 

m The rate of tumor recurrence in the neck is decreased 
by the addition of postoperative radiation, when 
multiple nodes are involved at multiple levels of the 
neck, and when ECS of the tumor is found. 

m The presence of ECS of the tumor is currently con- 
sidered an indication for postoperative concurrent 
chemoradiation. 

= The most common sequelae following any type of 
neck dissection is related to weakness or paralysis of 
the trapezius muscle. Early recognition and rehabili- 
tation are paramount in the management of such 
patients. 
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Controversies in Management 
of the NO Neck in Squamous 


Cell Carcinoma of the Upper 
Aerodigestive Tract 


Ryan Case 


Cervical lymph node metastasis is the single most adverse 
prognostic factor in patients with head and neck squamous 
cell carcinoma (HNSCC) without distant metastases. The 
clinically negative neck (cNO) is defined by the absence of 
palpable or radiographically suspicious lymphadenopa- 
thy. Patients who are cNO can harbor lymphatic metastases 
that are too small to be detected by imaging or palpation. 
A discordance between the clinical and pathologic nodal 
(pN) stage results when subclinical or occult metastases 
not appreciated on imaging are detected on pathologic 
examination of the lymph nodes (LNs) following neck 
dissection. 

Management of the cNO neck is controversial, the 
decision being to treat or observe the neck. Advocates 
of observation (OBS), or watchful waiting, will examine 
the neck during follow-up visits and reserve neck dis- 
section for patients who develop regional metastases. 
Elective neck dissection (END) or elective neck irradia- 
tion (ENI) are management options when the decision is 
to treat the neck. These management options have been 
long discussed among head and neck surgeons and the 
controversy persists despite significant advances in imag- 
ing and surgical techniques. The extent of controversy is 
illustrated by two studies that examined the variability 
in management strategies of the cNO neck among oto- 
laryngologists (1,2). A survey of 763 otolaryngologists in 
the United States showed 13% of the responders would 
observe the neck in all cNO patients, 66% would perform 
END and 19% would recommend ENI. There was also lit- 
tle agreement about the extent of neck dissection among 
surgeons who operate on the cNO neck. Similarly, the 
most recent National Comprehensive Cancer Network 
(NCCN) treatment guidelines leave the decision of END 
for early stage (T1 and T2) oral cavity, oropharynx, and 
supraglottic cancers largely to the discretion of the sur- 
geon (3). NCCN treatment guidelines are based on the 
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consensus of a multidisciplinary panel of experts who 
have reviewed the best available evidence. 

The controversy over management of the NO neck arises 
for several reasons. Proponents of OBS argue that the risk 
of isolated regional recurrence is small and does not war- 
rant the morbidity of END in the majority of patients. 
Another presumption of OBS is that patients who do recur 
can be detected early enough for salvage treatment to be 
effective. Advocates of END argue that pathologic staging 
provides objective data that guide decisions about adju- 
vant treatment, as well as accurate prognostic information. 
All are factors that contribute to the decision about how 
the cNO neck is managed. 

This chapter explores the controversies that surround 
management of the cNO neck. As a starting point, con- 
sider the following questions as related to the management 
options. (a) What is the incidence of occult metastases in 
the cNO neck? (b) Do occult metastases impact patient out- 
come? (c) Can radiographic imaging detect occult metasta- 
ses with acceptable accuracy? 


Tumor site, its stage, and in some sites tumor thickness are 
important determinants of the occult metastases. Estimates 
of the occult metastatic rate can be obtained by study- 
ing the regional recurrence rate in patients who are fol- 
lowed clinically, or by looking at the pN+ rate after END. 
Using the first method, studies that report on patients 
who develop isolated regional metastases during OBS are 
assumed to have had occult neck disease at the time of 
diagnosis. Data from four studies on the regional recur- 
rence rate of early stage oral tongue and floor of mouth 
squamous cell carcinoma (SCC) during OBS suggest that 
the occult metastatic rate approaches 40% (4-7). Reports 
on the pathologic N stage following END are also available 
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U5) OCCULT METASTATIC RATE: 
si: Sy) PATHOLOGIC N STAGE 


pN+ (%) 
Primary Site Pitman etal. Byersetal. Shah 
Oral cavity 41 45 34 
Oropharynx 36 39 31 
Hypopharynx 36 56 17 
Larynx (supraglottic/ 30 26 37 


advanced glottic) 


and data from three studies reporting on the pN stage in 
oral cavity, oropharynx, larynx and hypopharynx SCC, and 
with the exception of the hypopharynx, showed an occult 
metastatic rate of greater than 30% for all sites, as shown in 
Table 118.1 (8-10). 


IMPACT OF OCCULT METASTASES 


Several studies have sought to correlate patient out- 
come with the presence or absence of occult metastases. 
A highly significant survival difference is reported in pNO 
versus pN+ patients who are cNO prior to neck dissection 
(11,12). Extracapsular spread (ECS) in occult metastases 
further downgrades disease-related survival, and some 
reports suggest that ECS in occult nodes has the same 
impact as it does in palpable nodes (11-14). The number 
of pathologically positive occult LNs also correlates with 
survival. Patients with two or more positive nodes have 
significantly worse survival compared to those with less 
than two positive nodes (15). Additionally, the impact 
of nodal ratio (positive:total LNs in the neck dissection 
specimen) on survival has been evaluated for HNSCC, 
with increasing nodal ratio negatively impacting survival 
(16). These data are strong evidence that occult metas- 
tases do impact the disease-specific survival. pN staging 
provides very accurate information about the risk of dis- 
ease recurrence and is used to select those patients who 
will benefit from adjuvant radiation with or without 
chemotherapy. 


RADIOGRAPHIC IMAGING 


Clinical nodal staging is a multidisciplinary diagnostic 
problem that starts with palpation of the neck. It is esti- 
mated that 1.0 cm is the lower size limit that LNs can be 
appreciated by palpation, with accuracy of between 59% 
and 84%. Imaging studies provide an assessment of LN 
size and shape, as well as information about architecture. 
Suspicious LNs are spherical and greater than 1.0 to 1.5 cm. 
LNs that demonstrate central necrosis, surrounding soft 


tissue invasion, irregular borders, or groups of greater than 
2 LNs also heighten suspicion for metastases. Imaging is 
also helpful in patients when palpation is less accurate, 
especially patients with a thick or previously treated neck or 
those who are at risk for metastases to the retropharyngeal 
and parapharyngeal space LNs. Today, computed tomogra- 
phy (CT), magnetic resonance imaging (MRI), ultrasound 
(US), and positron emission tomography (PET) scan are 
utilized to evaluate the NO neck. Contemporary high- 
resolution imaging detects a certain percentage of suspicious 
LNs that are not appreciated on palpation and provides a 
slight to moderate increase in the detection rate. If imag- 
ing can reduce the risk of undetected occult metastases to 
less than 15%, head and neck surgeons may opt to observe 
cNO patients. The question is whether imaging can achieve 
this aim. 


COMPUTED TOMOGRAPHY AND 
MAGNETIC RESONANCE IMAGING 


Studies that corroborate radiographic and pathologic stag- 
ing provide meaningful information about the accuracy of 
radiographic staging. Curtin et al. (17) performed one of 
the most rigorous studies reporting on 213 cNO patients 
with SCC of the oral cavity, oropharynx, hypopharynx, 
and larynx. All patients who had pretreatment CT and 
MRI of the neck and the imaging results were compared 
with pN staging. The results were used to calculate the 
negative and positive predictive value (NPV and PPV) for 
node sizes from 5.0 to 15.0 mm in 1.0-mm increments. 
The authors showed that a 5.0-mm node had a PPV of 
44% and a NPV of 90%. When a 10-mm threshold was 
utilized, the PPV and NPV were 50% and 84%, respec- 
tively. Accordingly, for every increase in LN size the false- 
positive rate decreases, but so too does the ability to detect 
patients that are truly diseased. The accuracy of CT and 
MRI was approximately equal in this study. Dr. Curtin 
concluded, “It is unlikely that any imaging study will dis- 
tinguish normal from metastatic lymph nodes in the 5 to 
10 mm range, because nodes less than 5 to 10 mm rarely 
show internal abnormalities that are used to distinguish 
suspiciouslymph nodes.” 

Size measurements of metastatic LNs in END speci- 
mens reflect the difficulty with their clinical detection. 
Approximately two-thirds of occult metastases were less 
than 10 mm, and of these, up to 50% are less than 3 mm. 
Importantly, ECS was found in 33% to 36% of occult posi- 
tive nodes (11). 

More recent studies substantiate Curtin’s findings. 
Yuen et al. (18) found that occult metastases were pres- 
ent in 34% of T1/T2 oral tongue SCC patients who were 
cNO based on imaging. Another study demonstrated the 
differences between pathologic and clinical staging with 
CT and US were highly significant (P = 0.0001) (19). 
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Imaging can also show false positives when corroborated 
with pN stage. For example, Walvekar et al. (20) showed 
that 21% of patients were downstaged from cN+ to pNO 
when CT findings and pathology were compared. In 
addition to downstaging, 26% patients who were cNO 
by imaging were upstaged to pN+ following neck dissec- 
tion. Overall, this study reported a discrepancy between 
pathologic and clinical nodal stage in 47% of patients 
with T1/T2 oropharyngeal cancer. The authors of these 
studies, all performed more recently than Curtin’s origi- 
nal study, suggest that radiographic imaging is not accu- 
rate enough to take the place of pathologic staging for 
at-risk patients. 


ULTRASOUND-GUIDED FINE NEEDLE 
ASPIRATION 


Ultrasound-guided fine-needle aspiration (USGFNA) of 
suspicious LNs is another method to evaluate patients 
who are NO by palpation. US examination of the neck and 
biopsy is typically performed by the head and neck sur- 
geon familiar in lymphatic drainage patterns and risk fac- 
tors for occult metastases. US criteria for suspicious nodes 
are similar to those used for CT and MRI and according 
to published protocols at least one suspicious node per 
patient is sampled by fine-needle biopsy under US guid- 
ance. US measurements of LNs are highly accurate making 
it an excellent method to detect serial changes in LNs dur- 
ing follow-up. When fine-needle aspiration (FNA) results 
are positive, the neck is treated. FNA negative patients are 
staged NO and followed clinically with frequent US exami- 
nation of the neck. The low cost of examinations, accurate 
measurements of LN size, the lack of exposure to ioniz- 
ing radiation, and the ability to needle biopsy suspicious 
nodes during the examination highlight the appeal of this 
technique. Isolated regional recurrences detected with 
follow-up US examinations are reported by three groups 
studying early stage tongue cancer, ranging from 18% to 
31% (21-23). 

van den Brekel et al. (21) studied 77 patients with 
oral cavity lesions staged cNO by USGFNA. Tumors were 
resected transorally and the neck was followed with US at 
2- to 3-month intervals. The regional recurrence rate dur- 
ing follow-up was 18%. Six recurrences were detected on 
US, eight patients presented with palpable nodes, and the 
salvage rate was 71.4%. In two similar studies, patients 
with T1 and T2 oral tongue tumors who were cNO by US 
were followed. The incidence of isolated regional recur- 
rences was 28.5% and 31%, with salvage rates of 46% and 
100% (22,23). The authors of these three studies advocate 
the use of USGFNA nodal staging. Close clinical follow-up 
and strict patient compliance are required for early detec- 
tion of recurrences and meaningful salvage. Notably, the 
100% salvage rate was reported by for patients enrolled in 
a prospective trial (23). 
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POSITRON EMISSION TOMOGRAPHY 


PET is a functional imaging modality that provides infor- 
mation about the metabolic activity of tissues. Because the 
metabolic rate of SCC is higher than surrounding normal 
tissue, Fluorodeoxyglucose—the radioactively glucose 
analog used for imaging, accumulates in cancer cells at 
increased rates resulting in higher standard uptake values. 
Combined PET/CT scanners are now available and pro- 
vide the anatomic detail of CT and the whole body sen- 
sitivity of PET. Three studies using PET for the cNO neck 
showed NPVs of 88% to 92% (24-26) and found that 
false positives were possible in conditions that increased 
glucose metabolism including inflammation, sarcoidosis, 
and normal salivary tissue. False negatives occurred with 
necrotic LNs and when metastatic LNs were less than 5.0 
mm, suggesting that a minimum tumor volume must be 
present to detect a difference in glucose utilization above 
background. Two studies have demonstrated that at least 
5-mm tumor must be present to be detected and suggest 
PET does not achieve the diagnostic accuracy of END 
(26,27). 

More recent studies using higher resolution fused PET/ 
CT scanners show a significant false-positive rate of 16% to 
27%. The authors of these studies conclude PET is a valu- 
able test for detection of unknown and second primary 
tumors as well as distant metastases, but does not currently 
have the accuracy to replace END or guide therapeutic 
decisions in the NO neck (27-30). 

In 2011, Stoeckli et al. (31) compared CT, PET/CT, US, 
and USGENA for neck staging in a prospective study of 
76 patients. The study protocol included imaging with all 
four radiographic modalities prior to surgery that included 
neck dissection. Results showed that USGFNA overstaged 
the fewest, with only 7% false positive (7% to 16%). 
Understaging was equivalent for all modalities with false- 
negative rates of 21% to 25%. Despite significant improve- 
ments in imaging technology over the past decade, even 
recent data suggest no imaging study can assess N stage 
with 100% accuracy. Size and changes in LN architecture 
or metabolic activity determine if a study is positive or 
negative. Since a significant percentage of occult nodes fall 
outside of these radiographic parameters, both the false- 
positive and false-negative rates are significant. Further 
prospective studies that correlate the pN stage with com- 
bined PET/CT findings are required to determine if it can 
reduce the risk of undetected metastases to an acceptable 
level. 


MANAGEMENT STRATEGY FOR 
THE NO NECK 


Patient and tumor-related factors impact the decision to 
electively treat the neck. Many clinicians cite unreliable 
patient follow-up as justification for elective treatment 
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of the neck. ENI is used when radiation is used to treat 
the primary tumor so the patient is treated with a single 
modality. If the neck will be entered for resection of the 
tumor or reconstruction, most surgeons advocate END. 
Accordingly, END becomes a question when treatment of 
the primary does not involve access to the neck. Examples 
include transoral resection of oral cavity and oropharyn- 
geal tumors and transoral laser or robotic excision of laryn- 
geal or pharyngeal tumors. 

Surgeons typically use a 15% to 20% or greater risk 
of occult metastases as the threshold to perform END. 
Table 118.2 shows estimates of the likelihood of occult 
metastases based on the site and stage of the primary 
tumor. The threshold of 20% is based on a decision analy- 
sis performed by Weiss et al. published in 1994 (32) that 
compared survival outcomes for patients managed by 
END versus OBS. The method for a decision analysis con- 
cerning management of the NO neck involves the use of 
decision trees using the alternative management options 
and probabilities based on published data. It is used to 
guide management decisions when no clear consensus 
emerges from the available data. Weiss et al. (32) reviewed 
outcome data for END versus OBS published in the 1980s, 
and some authors believe older results no longer be rele- 
vant given advances in technology and surgical technique. 
Using more recent data, the decision analysis by Okura 
et al. (33) suggested that a threshold of 44% could be uti- 
lized because detection of occult metastases, salvage rates, 
and the morbidity of END had all improved. In contrast, 
Song et al. (34) suggested that an 18% risk of occult metas- 
tases would provide benefit for END in patients with early 
stage tongue cancer. Their model showed that OBS would 
be an acceptable strategy only if the occult metastatic rate 


RISK OF OCCULT METASTASES 
BY SITE AND STAGE OF PRIMARY 
TUMOR 


TABLE 


118.2 


Stage Site 


<15%-20% T1 Glottis (T1/T2), retromolar trigone, 
gingiva, hard palate, buccal mucosa 
Oral tongue, soft palate, pharyngeal 
wall, supraglottic larynx, tonsil 
T2 Floor of mouth, oral tongue, retro- 
molar trigone, gingiva, hard palate, 
buccal mucosa 
T1-4 nasopharynx, piriform sinus, 
base of tongue 


>20%-30% T1 


T2-4 Soft palate, pharyngeal wall, 
supraglottic larynx, tonsil 
T3-4 Floor of mouth, oral tongue, 


retromolar trigone, gingiva, hard 
palate, buccal mucosa 


Modified from Mendenhall et al. (42). 


is less than 18% and salvage rates for regional recurrences 
is 73% or greater. These three decision analyses use theo- 
retical models based on published data from the litera- 
ture reporting on the risk of occult metastases and salvage 
rates. 


Elective Neck Dissection 


The procedural details of END have evolved from the use 
of radical neck dissection (RND) over 100 years ago, to 
more targeted, selective operations that are widely used 
today. Based on OBSs that regional recurrence rates were 
lower in some cNO patients whose necks were dissected 
electively, Crile (35) introduced the concept of END in 
1905. Hayes Martin popularized the concept of RND 
and described it as en bloc resection of levels I to V that 
included the sternocleidomastoid muscle, CN XI, and 
internal jugular vein and this became the standard for 
END in the United States (36,37). Martin’s precepts were 
not challenged until the 1960s when Bocca proposed a 
conservation technique that preserved major structures 
(38). The rationale for preserving structures was based on 
OBSs that the lymphatic system of the neck is contained 
within the adipose tissue and does not extend beyond 
the fascial sheaths. By removing the fascia surrounding 
the sternocleidomastoid muscle, internal jugular vein, 
and CN XI, the cervical LNs in level I to V are completely 
excised. Subsequent studies have shown that modified 
radical neck dissection (MRND) is as effective as RND for 
both elective and therapeutic neck dissection when the 
preserved structures are not involved by tumor. Aside from 
the obvious functional and cosmetic advantages, MRND 
made simultaneous bilateral neck dissections a safe 
alternative when operating on both necks. The concept 
of selective neck dissections (SNDs) emerged as clinical 
studies suggested that metastases travel from the primary 
site to predictable first echelon nodal groups and then on 
to adjacent nodal basins. Retrospectively analyzing the 
location of occult metastases following elective MRND, 
Shah and Byers independently reported on the patterns 
of occult metastases from primary sites of the head and 
neck (8,9,39). SNDs were defined as a dissection that 
removes only the cervical levels that are at greatest risk 
for metastases. Today most surgeons remove levels I to III 
or I to IV for oral cavity primaries and levels II to IV for 
laryngeal, hypopharyngeal, and oropharyngeal primaries, 
and may include level VI in select laryngeal and hypopha- 
ryngeal sites. Treatment of the contralateral neck is given 
consideration for supraglottic, base of tongue, palate, 
and primary tumors that approach or cross the midline 
(3). Advantages of selective procedures are the reduction 
in surgical morbidity and cosmetic impact compared to 
RND and MRND. During the 1980s and 1990s surgeons 
at most centers in the United States adopted SNDs as the 
preferred procedure for END. 
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Regional recurrences following END occur at a rate of 
3% to 6% regardless of the procedure utilized (RND, MRND, 
or SND) (10). Regional recurrences can be thought of as 
either an error in surgical technique or in the pathologic 
sampling technique. If the surgeon does not completely 
dissect the levels at risk, or the tumor has metastasized to 
levels not predicted by the primary tumor recurrences are 
possible. The accuracy of pathologic staging also depends 
on how carefully the pathologist examines the neck speci- 
men. The detection rate is higher when cervical nodes are 
serially sectioned with thin cuts versus bisecting LNs; and 
a small percent of occult metastases are likely beyond the 
resolution of light microscopy. Immunohistochemical 
(IHC) analysis for several tumor markers in electively dis- 
sected neck specimens showed that 20% to 30% of the 
nodes that were pNO on light microscopy had evidence 
micrometastases of on IHC analysis (40,41). 


Elective Neck Irradiation 


The factors that influence the decision to irradiate the cNO 
neck are similar to those for END. ENI is the treatment of 
choice when the primary tumor is irradiated and the risk of 
occult metastases is greater than 15% to 20%. It is also an 
option for patients who are poor surgical candidates. Patients’ 
compliance with follow-up and the morbidity of ENI are also 
considered. Patients who are cNO receive substantially lower 
radiation doses to the neck than cN+ patients and have an 
associated reduction in the treatment-related morbidity. The 
availability of conformational and intensity modulated radia- 
tion therapy has minimized the volume of normal tissue that 
is included in the treatment portals further reducing the mor- 
bidity of ENI. Mendenhall et al. (42) have reported regional 
recurrences in less than 5% of patients following ENI. One 
advantage of ENI is the ability to address groups of nodes 
that are not typically included in END. These include the ret- 
ropharyngeal and parapharyngeal space LNs that are at risk 
of harboring occult metastases in tumors of the oropharynx, 
hypopharynx, nasopharynx, and nasal cavity. 

A significant shortcoming of ENI is that the prognos- 
tic information from pathologic staging is not known. It is 
also more difficult to detect recurrences following ENI and 
the use of reirradiation can be limited. 


END Controversies 


Central to the debate surrounding the value of END is 
whether removing occult neck disease affords a survival 
advantage when compared to a policy of clinical OBS. 
There are four prospective randomized reports comparing 
END to OBS for oral cavity cancers treated with transoral 
excision or irradiation. They span 30 years and report a 
wide range of salvage rates. Disease-free survival rates for 
the OBS groups range from 49% to 87% in these studies. 
Only one study showed a statistically significant advantage 
for END (43), and another showed an advantage but state 
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their study group was too small to achieve statistical signif- 
icance (6). One study randomized patients after receiving 
interstitial radiation to tumors of the oral tongue (44). The 
most recent study followed patients in the OBS group with 
monthly neck US examination and reported a 100% sal- 
vage rate for isolated regional recurrences in the OBS group 
(23). The results of this prospective study are in marked 
contrast to a retrospective study published 10 years ear- 
lier by the same group. Their earlier study reported a 50% 
salvage rate and a statistically significant improvement in 
disease-free survival for END (45). The authors attribute 
disparate results to the rigorous schedule of follow-up 
with monthly US for patients enrolled in the prospective 
clinical trial. All four studies showed that END markedly 
improved the regional control rate with regional recur- 
rences in 6% to 30% of the END group versus 37% to 58% 
in the OBS group. Fansula et al. (46) performed a meta- 
analysis of these four studies. By combining outcomes 
for the 283 patients from these reports, they showed that 
END significantly reduced the disease-specific mortality 
and acknowledged the advantage for END in early tongue 
cancer. Meta-analysis was used in this case to increase the 
sample size, hence the statistical power, to provide a more 
accurate estimate of the true effect of END. 

Retrospective studies also show mixed results. Smith et 
al. (47) reported on the outcome of 150 patients with T1 
to T4 NO oral cavity and oropharyngeal tumors. There were 
75 patients in the END group based on a greater than 20% 
risk of occult metastases or if the neck was entered for the 
tumor resection or microvascular reconstruction. The other 
75 patients were managed with OBS based on less than 
20% risk of occult disease. Despite a statistically significant 
difference in the regional recurrence rate, 5% for the END 
group and 20% for the OBS group, the difference in the 
5-year survival rate between the two groups was not signifi- 
cant. The authors did show highly significant differences in 
5-year survival rates based on the number of pathologically 
positive nodes (P < 0.001). 

Duvvuri et al. (48) compared the outcome of 359 patients 
with T1 to T4 NO oral cavity and oropharyngeal tumors 
managed with END versus OBS. The treatment groups were 
based on time period they were treated, for example, before 
or after 1990 when the management strategy changed 
END was performed routinely in NO patients. The 5-year 
overall survival between END and OBS groups was not dif- 
ferent, but the difference in the regional recurrence rate, 
15% versus 27% for the END and OBS groups, respectively, 
was highly significant (P < 0.0001). In both studies, more 
patients in the END group received adjuvant radiation, a 
direct result of the pathologic staging information. 

A similar study (49) analyzed 54 patients with T1 to 
T3 NO oral cavity tumors managed with END versus OBS. 
There was no difference in the overall survival between 
treatment groups. But when stratified by T stage, for T1 
tumors there was no difference between the treatment 
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groups for the regional recurrence rate or overall survival. 
But for patients with T2 and T3 tumors, the regional recur- 
rence rate and the associated mortality were significantly 
higher in the patients in the OBS group and the authors 
advocated END. 

Other retrospective studies have shown a significant sur- 
vival advantage for patients who receive END. Yuen et al. 
(45) performed a retrospective review of 63 patients with 
T1 and T2 oral tongue tumors. For the 33 patients in the 
END group, both regional recurrences and 5-year over- 
all survival rate were significantly improved compared to 
the 30 patients who were observed (P = 0.0008 and P = 
0.01, respectively). Despite surgical salvage of 50% of the 
regional recurrences in the OBS group, the regional recur- 
rence-related mortality in this group was 23% compared to 
3% in the END group and this benefit translated to a sig- 
nificant improvement in 5-year overall survival. In another 
study that examined 153 patients with T1/T2 oral SCC 
with thickness 4 mm or more showed a statistically sig- 
nificant (P = 0.001) improvement in regional recurrence- 
related survival for END compared to OBS (50). 

In a detailed analysis of patients with Tl and T2 NO 
oral tongue tumors, Haddadin et al. (51) compared the 
outcome of 64 patients who were observed to that of 37 
who received END. The institutional policy was to observe 
the neck in all patients with T1 or T2 oral tongue tumors 
unless the neck was entered to resect the primary or per- 
form reconstruction. The authors did show a trend toward 
improved 5-year overall survival for the END cohort. Subset 
analysis of the T2 tumors demonstrated a highly significant 
survival advantage for END (P = 0.0007). The authors also 
showed that the incidence of greater than 2 LNs and/or ECS 
was significantly higher in the patients who required thera- 
peutic neck dissection than in patients who received END 
(P = 0.001 and P < 0.0001). The impact of this finding is 
illustrated by comparing the 5-year survival of patients who 
were pN+ after END versus therapeutic dissections, which 
was 69% versus 35%, respectively (P = 0.04). Another retro- 
spective report showed no significant difference in survival 
outcomes for patients treated with END versus observation 
for oral cavity, larynx and pharynx (52). 

These seven retrospective studies all show significant 
improvements in the regional recurrence rate for patients 
managed with END. The benefit in disease-related survival 
is less clear and retrospective studies will probably never 
conclusively answer the question. Rodrigo et al. (53) per- 
formed a meta-analysis of 21 prospective and retrospective 
studies comparing END to OBS in NO patients with early 
stage oral, oropharyngeal, and supraglottic cancers. Their 
conclusion was that based on the best available evidence, 
END does not appear to provide a survival advantage over 
OBS, but the studies analyzed are not of sufficient qual- 
ity to provide definitive recommendations for manage- 
ment of the cNO neck. These patient cohorts are difficult 
to analyze because of differences in institutional treatment 
plans, time period, and the significant number of patients 


who succumb to local and distant recurrences or medical 
comorbidities, ultimately leaving the number of patients 
who develop isolated regional recurrences and can be ana- 
lyzed relatively small. While END may not show benefit 
when the entire cohort is analyzed, scrutinizing the out- 
come of pN+ patients may demonstrate a benefit. 


Other Considerations 


END is a consideration for patients with unilateral N+ dis- 
ease and contralateral NO disease in a malignancy for sites 
that bilateral END is not usually recommended, such as 
tonsil, oral tongue, and piriform sinus cancers. This was 
addressed for tonsil cancer by Lim et al. (54), who found that 
in patients with tonsillar cancer who were ipsilateral N+, 
there was a 21% rate of contralateral neck disease which 
portended a poorer survival. Contralateral neck disease was 
also influenced by T stage, and the authors concluded that 
the contralateral neck should be addressed in patients with 
ipsilateral neck metastasis or advanced T stage (T3 to T4). 
Koo et al. (55) examined patients with piriform sinus SCC 
and found that ipsilateral neck disease and extension of 
the primary across midline was associated with occult dis- 
ease in the contralateral neck and therefore recommended 
bilateral neck treatment in the aforementioned situations. 
In the oral cavity, END of the contralateral NO neck has 
not shown to improved survival in patients with early stage 
SCC of the oral tongue (56). 

Salvage surgery for recurrent head and neck tumors that 
were treated with primary radiation and remain NO, with 
isolated primary recurrences is another area of discussion. 
If the necks received ENI, the dilemma in patients who 
remain NO is whether to perform END at the time of sal- 
vage surgery. Bohannon et al. (57) compared 38 patients 
who underwent END with salvage laryngectomy with 33 
whose necks were not dissected. Their results were mixed 
with higher fistula and complication rates in patients 
undergoing END, but lower rate of regional failure (7.9% 
vs. 15%). There was no statistically significant survival dif- 
ference between the two groups. A similar study examined 
57 patients with recurrent oropharyngeal, hypopharyn- 
geal, and laryngeal cancers treated with primary radiation 
and were NO at recurrence. Dagan et al. (58) concluded 
that adding END to the salvage surgery increased morbid- 
ity while there was no benefit in survival or locoregional 
control when initial treatment included ENI. 


FUTURE DIRECTIONS 


More accurate, less invasive methods to evaluate the cNO 
neck are active areas of investigation. Sentinel lymph node 
biopsy (SLNB) and pathologic predictors of occult metasta- 
ses are two techniques that demonstrate potential for rou- 
tine clinical use in the future. The concept of the sentinel 
lymph node (SLN) is described as the first echelon lymph 
node that is most likely to contain metastases if they are 
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present. Morton et al. at the John Wayne Cancer Center are 
credited with the development of the technique for selec- 
tive identification and biopsy of the SLN in patients with 
intermediate thickness cutaneous melanoma (CM). SLNB 
is based on the premise that metastases travel sequentially 
from the primary tumor, to the SLN and then on to the 
remaining regional LNs. Therefore, the histopathologic 
status of the SLN accurately reflects the pathologic status 
of the remaining regional lymphatics and patients with 
pathologically negative SLNs can be spared the morbid- 
ity of regional lymphadenectomy. Since Morton’s original 
description of the SLNB technique, investigators world- 
wide have contributed to the evolution and refinement of 
the technique that is currently used. Multiple studies show 
highly acceptable sensitivity and false-negative rates for 
SLNB (59) and today SLNB is considered the standard of 
care for patients with intermediate thickness CM (60). 
Preoperative lymphoscintigraphy performed by nuclear 
medicine uses peritumoral injection of a radiotracer, 
directing the surgeon to the lymphatic regions at risk 
(Fig. 118.1). In the operating room, the surgeon uses a 
gamma probe to identify radioactive SLNs and may use blue 
dye injections around the tumor for visual identification. 
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Figure 118.1 Lateral and anterior-posterior lymphoscintigraphy 
images at 15 and 30 minutes postinjection of Technetium-sulfa col- 
loid. The patient is a 42-year-old man with a cT1NOMO SCC of the 
left lateral tongue. Surgical pathology was SCC, 1.2 cm in greatest 
diameter, with maximum depth of invasion 4.1 mm. SLNB results: 
SLN 1 was a7 X 5 X 2mm_LN with a 1-mm focus of SCC. SLN 2-4 
showed no evidence of carcinoma on H&E or cytokeratin immuno- 
histochemical staining. 
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The SLN is exposed through a small skin incision and is 
identified by the presence of blue staining and/or radio- 
tracer uptake detected by the gamma probe. The SLN(s) are 
removed and sent to the pathologist for histologic and IHC 
analysis. Therapeutic node dissection is performed only in 
patients whose SLN is positive. 

SLNB has been studied in head and neck cancer 
patients who are cNO. Guidelines published in 2010 
describe the indications as well as the radiologic, surgical, 
and pathologic techniques for localizing, obtaining, and 
processing SLNB in patients with oral/oropharyngeal SCC 
(61). The preliminary experience in HNSCC was summa- 
rized by Ross et al. (62) and included data from 22 cen- 
ters. Analysis of 316 cNO necks showed that the SLN was 
identified in 95% with an overall accuracy of 90%. When 
the results from centers that performed less than 10 cases 
were excluded, the sensitivity of SLNB was 94% relative 
to simultaneous END. The ACOSOG multi-institutional 
study compared the accuracy of SLNB versus END in 
patients with T1/T2 NO oral cavity SCC. SLNB compared 
favorably to END, with a 96% NPV for SLNB (63). SLNB 
for oral cavity tumors appears to offer patients a reduction 
in the overall morbidity and cost compared to a blanket 
policy of END (64). 

Advantages of SLNB specific to head and neck tumors 
include the ability of preoperative lymphoscintigraphy 
to map the patient’s unique lymphatic drainage pattern 
and direct the surgeon to cervical levels that may not have 
been predicted by the site and stage of the primary tumor. 
Results of preoperative lymphoscintigraphy show a signifi- 
cant rate of aberrant lymphatic draining for the head and 
neck. Three independent studies have shown that 15% to 
20% of ENDs for HNSCC, and over 30% for head and neck 
CM would have been misdirected had they been based 
solely on classical anatomic studies (59,65,66). Another 
advantage is that SLNB is a cost-effective method for patho- 
logic examination of select LNs. Rather than examining all 
of the nodes in a neck dissection specimen, SLNB identifies 
an average of two or three nodes per patient. This facili- 
tates the routine use of more costly and time-consuming 
serial sectioning and IHC required to accurately diagnose 
occult metastases. Using SLNB and IHC, several investiga- 
tors have shown significant improvements in the accuracy 
of staging the cNO neck (61,67,68). A recent review of the 
literature of SLNB for the cNO head and neck patients con- 
firms the conclusions of preliminary reports: that SLNB is 
safe and efficacious, although a learning curve does exist 
with high volume centers better equipped to achieve con- 
sistent results (69). 

Ferris et al. (70) have designed a rapid, quantitative PCR 
assay that accurately identifies positive SLNs in the operat- 
ing room. Further study and validation at other institutions 
will rectify one of the major drawbacks of SLNB, namely 
that for patients whose SLNs are positive, neck dissection is 
deferred to a separate procedure due to the time required 
for accurate step sectioning on permanent section. 
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PATHOLOGIC PREDICTORS OF 
METASTASES 


The site and stage of the primary tumor are important consid- 
erations in assessing the risk of occult metastases. While there 
is a direct correlation between tumor stage and the occult 
metastatic rate for some sites, for example, in glottic SCC, 
tumor thickness has been shown to be a predictor of occult 
metastases for some sites including the oral tongue, floor 
of mouth, and oropharynx (71). Tumor thickness has been 
most intensively studied for oral tongue tumors (72,73). 
Yuen et al. (74) examined several histopathologic charac- 
teristics of 72 patients with T1 and T2 oral tongue tumors 
that were correlated with occult metastases. On multivariate 
analysis, tumor thickness was the only factor that correlated 
with occult metastases and 5-year survival. The pN+ rate for 
tumor thickness 3 mm or less was 8%. Metastases occurred 
in 44% of tumors between 3 and 9 mm, and in 53% of 
those tumors with thickness greater than 9 mm. The 5-year 
survival by thickness grouping was 100%, 77%, and 66%, 
respectively. Other studies have examined other histomor- 
phologic features including perineural, lymphovascular, and 
the mode of invasion and grade of differentiation as risk fac- 
tors for occult metastases and shown correlations (75-78). 

Pathologic findings highlight one of the shortcomings 
of the current tumor nodal metastasis staging system. For 
instance, oral cavity tumor stage is defined primarily by 
tumor size and these studies suggest that some early stage 
tumors may have very aggressive characteristics. Investigators 
seeking to improve the prognostic capabilities of tumor 
staging have focused on characteristics of the primary tumor 
that are correlated with nodal metastases. Pathologic predic- 
tors of occult metastases that can be characterized with light 
microscopy, IHC (79), DNA analysis (80), and expression 
profiling (81) are currently under investigation. Many stud- 
ies suggest that the specific correlates of metastases may be 
different for different anatomic sites. Additionally, combi- 
nations of parameters may more accurately predict the risk 
of metastases because it is unlikely that a single characteris- 
tic of the tumor will have a distinct cut off point in differen- 
tiating metastatic from nonmetastatic disease. A histologic 
malignancy score for oral cavity tumors based on a several 
histologic findings such as the keratinization, frequency of 
mitotic figures, pattern of invasion, perineural and perivas- 
cular invasion has been proposed (75,77). When these were 
applied prospectively to newly diagnosed patients, metas- 
tases were accurately predicted in these reports. Takes et al. 
(82) used a combination of histologic and IHC findings 
and showed that LN metastases from laryngeal tumors were 
accurately predicted (P = 0.002). 

Once the characteristics of primary tumors that correlate 
with occult metastases are accurately identified, biologic 
tumor staging will be possible. One of the goals of these 
studies is to integrate the biologic correlates of metastases 
into the tumor staging system so clinicians can make man- 
agement decisions about the neck based on the results of 
the pretreatment biopsy. 


CONCLUSION 


Management of the cNO neck is controversial. The aim of 
the pretreatment evaluation of cNO patients is to accurately 
identify patients with occult metastases who will benefit 
from treatment of the neck. Review of the methods that 
are currently in use for evaluation of the cNO neck shows 
that radiographic imaging, and even PET/CT does not 
distinguish patients with microscopic cervical metastases 
from NO patients with acceptable sensitivity and speci- 
ficity. Biologic tumor staging and SLNB are promising 
techniques that have the potential to accurately stage the 
cNO neck patients before treatment is initiated. Until these 
investigational staging methods are refined and validated 
in prospective trials, pathologic examination of the neck 
contents remains the most accurate method to assess cervi- 
cal LNs, accurately estimate disease-free survival, and guide 
the administration of adjuvant therapies. 


m The incidence of occult cervical metastases is greater 
than 20% for most head and neck mucosal sites. The 
exceptions are T1 tumors of the retromolar trigone, 
buccal mucosal, gingiva, hard palate, and T1 and T2 
glottic tumors (Table 118.1). 

= The pN status of cNO patients is strongly correlated 
with the disease-related outcome. 

m Radiographic imaging provides anatomic informa- 
tion that identifies lymph nodes that are suspicious 
for metastases. It does not have the accuracy to 
determine whether the NO neck requires treatment. 

m= END is currently the most accurate method to stage 
the cNO neck. END is a staging procedure that is 
used to guide subsequent treatment. Its therapeutic 
value has not been conclusively documented. 

= Elective versus therapeutic neck dissection describes 
the indication for neck dissection. A neck dissec- 
tion is performed electively when there is no clinical 
evidence of metastases. Therapeutic neck dissection 
refers to procedures that are performed for suspi- 
cious adenopathy that is palpable or detected on 
radiographic imaging. 

m= Comprehensive versus SND describes what cervi- 
cal levels are removed. Comprehensive neck dissection 
removes levels I to V. RNDs and all three types of 
MRNDs are comprehensive procedures. SND removes 
less than five levels and are named according to the lev- 
els removed, for example, SND I to III. Both selective 
and comprehensive procedures can be used for END. 

m= Techniques that are less invasive than END and 
more accurate than radiographic imaging for stag- 
ing the cNO neck are under active investigation and 
hold promise for routine clinical use in the future. 
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Oral Cavity Cancer 


Daniel G. Deschler 


The oral cavity represents one of the most anatomically 
diverse regions within the head and neck. Within this 
relatively confined space operate highly specialized and 
important physiologic activities, beginning with the abil- 
ity to communicate through facial animation and articula- 
tion. Deglutition originates with the maintenance of oral 
competence at the anterior oral cavity and then relies on 
subsequent lubrication, mastication, bolus formation, and 
then bolus transfer to the oropharynx. Similarly, within the 
oral cavity, sensory innervation for touch, pressure, tem- 
perature, and taste function is notable for its high degree 
of cortical representation. In order to achieve these criti- 
cal functions, numerous tissue types are represented within 
the oral cavity including the mucosal lining, muscle, bone 
as well as unique tissues including teeth, salivary glands, 
and epithelium for taste. These tissues are supported by the 
region’s vast and redundant blood supply and innervation 
(Figs. 119.1 to 119.3). 

The oral cavity itself has a strict anatomic demarcation 
as a head and neck subsite. The boundaries of the oral cav- 
ity begin with the lips anteriorly and extend posteriorly 
to the vertical plane beginning at the junction of the hard 
and soft palate, continuing inferiorly through the circum- 
vallate papillae at the sulcus terminalis and ending at the 
hyoid bone. The oral cavity is further divided into subareas 
including the “lips, alveolar ridge, floor of mouth, oral tongue, 
hard palate, retromolar trigone, and the lateral buccal mucosa” 
(Fig. 119.4). Each of these subareas has distinct anatomic 
features and lymphatic drainage pathways, the knowledge 
of which is imperative in the management of neoplasms of 
the oral cavity (Table 119.1). 

At the most anterior boundary of the oral cavity 
are the specialized myomucosal element of the “lips.” 
Anatomically the region of the lip begins anteriorly with 
the vermilion border and extends posteriorly along the red 
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lip into the mucosal elements at the labial sulcus. The lat- 
eral demarcations of the lip are the bilateral commissures. 
The philtrum, or Cupid’s bow, occupies the midline superi- 
orly and directly opposes the labial tubercle in the midline 
of the lower lip. The lip has a dense sensory innervation 
provided by the third branch of the trigeminal nerve and 
consists of its epithelial lining, muscle, and minor salivary 
glands. The blood supply is provided bilaterally by the 
labial arteries, which originate from the facial arterial sys- 
tem. The lymphatic drainage of the lower lip is primarily 
to the submental and submandibular triangles with sub- 
sequent drainage to the upper jugular chain. The lower lip 
demonstrates propensity for contralateral drainage and 
therefore bilateral metastasis. The upper lip does not dem- 
onstrate significant lymphatic crossover, and lesions of this 
region will usually metastasize to ipsilateral lymph nodes 
in level IB, periparotid lymph nodes, and level II jugulodi- 
gastric lymph nodes. 

The “lower alveolar ridge” begins immediately behind 
the lower lip and its labial sulcus, and is composed of the 
specialized tooth-bearing bone of the mandible. The oral 
cavity components of the mandible include the symphy- 
sis, perisymphysis, and the bilateral mandibular bodies 
extending toward the ramus. The visible component of the 
alveolar ridge has a tightly adherent mucosal and gingival 
coverage that surrounds dentition where it is present. The 
bone of the alveolus, or the tooth-bearing component of 
the mandible, is characterized by thin bone surrounding 
the tooth with the tooth roots extending deeply into the 
cortical bone of the mandible. This becomes important 
as this thin bone can be susceptible to bone erosion by 
tumors, while the tooth root allows access to the deeper 
components of the mandible including the marrow space. 
The inferior aspect of the mandible is composed of dense 
cortical bone, which provides sufficient support, and this is 
the supporting bone that remains when teeth are lost and 
there is regression of the alveolus. 


1849 


1850 Section VII: Head and Neck Surgery 


Sub- Ly aN ; Superficial temporal vein 
mandibular \ =~ ME 
ganglion rar Retromandibular vein 
Frenulum Parotid 
Sublingual External jugular vein 
openings : : (beat g Anterior facial vein 
see a Fale i S ty LA Cut edge mylohyoid m. 
Sublingual DIA Lip 3 
gland ; Wi ere, fi} 
Submandibular ——— ae “h 
duct . FRY | : 
Submandibular gland 


and uncinate process 


Figure 119.1 Superficial anatomic landmarks and structure of the oral cavity. 
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Figure 119.2 Deep anatomic structures of the oral cavity. 
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Figure 119.3 Musculature of the oral cavity. 


Tongue 


& Buccal mucosa 
Floor of mouth MM Retromolar trigone 


Gingiva Hard palate Figure 119.4 Labeled diagram from AJCC Staging Manual. 


1852 Section VII: Head and Neck Surgery 


TABLE 
sb 2xl) OF ORAL CAVITY 


PATTERNS OF LYMPHATIC DRAINAGE BY SUBSITE 


Subsite Common Level of Regional Lymph Node Metastasis 
Upper lip Ipsilateral level IB, perifacial, periparotid, level II 
Lower lip Bilateral levels IA and IB, perifacial, level Il 


Upper alveolar ridge 
If midline—bilateral 


Ipsilateral levels IB and Il 


Lower alveolar ridge _Ipsilateral levels IA, IB and II 
If midline—bilateral 
Floor of mouth Ipsilateral levels IA, IB and Il 
If midline—bilateral 
RMT Ipsilateral levels IIA, IIB and III 
Hard palate Bilateral levels IB and Il, retropharyngeal and perifacial 
Buccal mucosa Ipsilateral levels IB, level II 


Medially, the mucosal surface of the alveolar ridge 
extends down the mandibular surface to the mylohyoid 
muscle and becomes one with the floor of mouth. Laterally, 
this region will extend to the gingival buccal sulcus and 
the insertion of the buccinator muscle. The notable tissues 
within the alveolar ridge include the mucosal and gingi- 
val lining as well as bone, muscle, marrow, minor salivary 
glands, and the teeth. The blood supply to the lower alveo- 
lar ridge is comprised of both an endosteal and a perios- 
teal blood supply. Primary innervation is via the inferior 
alveolar nerve from V3, which enters the mandible at the 
mandibular canal within the medial ramus and exits at 
the mental foramen, as the mental nerve. The drainage of 
the alveolar ridge is dependent upon its location. Anterior 
lesions drain to level I and have bilateral drainage to level 
IB. Lateral lesions will drain to level IB as well as level II. 

Directly within the lower alveolar ridge lies the crescent- 
shaped region known as the “floor of mouth” (Fig. 119.5). 
The floor of mouth extends from the attached gingiva 
of the medial alveolar ridge to the muscular tongue. 
Anteriorly, the region begins just posterior to the incisors 
and extends bilaterally to the anterior tonsillar pillars. 
The mucosal covering here is a very thin layer with a high 
degree of mobility. Within the floor of mouth are numer- 
ous salivary glands including minor salivary glands, the 
sublingual glands, as well as the ductal apparatus of the 
paired submandibular glands. All of these salivary glands 
have a drainage pathway within the floor of mouth, with 
the submandibular glands draining through Wharton duct 
and emptying anteriorly into the oral cavity on either side 
of the midline frenulum. The primary vascular supply to 
the floor of mouth is from the lingual artery and elements 
of the facial system with the primary neural supply being 
from the third branch of the trigeminal nerve via the lin- 
gual nerve. Anatomic injection studies demonstrate both a 
superficial and deep lymphatic drainage system for the oral 
cavity (1). This superficial system can demonstrate bilat- 
eral drainage, whereas the deep system will drain primarily 


to the ipsilateral level | and upper jugular chain. Anterior 
floor of mouth lesions will have propensity to drain to the 
levels of IA and IB. 

The “oral tongue” consists of that portion of the tongue 
that extends from the tip to the region of the circumvallate 
papillae and constitutes two-thirds of the entire tongue. The 
oral tongue has four distinct anatomic regions: the tip, the 
lateral borders, the dorsum, and the ventral surface. The oral 
tongue is a highly specialized muscular unit with a similarly 
specialized mucosal lining having a dense innervation for 
touch and specialized epithelium for taste. The muscular 
component of the oral tongue is composed of six paired 
muscles (Fig. 119.6). The three extrinsic muscle groups 
include the paired genioglossus, hyoglossus, and styloglos- 
sus muscles that achieve the gross movements of the body of 
the tongue. The intrinsic musculature of the tongue includes 
the lingual muscles and the vertical and transverse muscular 
units that provide most of the tongue’s bulk. These muscles 
have intricate mobility and interaction critical for the func- 
tions of speech and deglutition. The motor innervation of the 
tongue is provided by the twelfth cranial nerve with sensory 
innervation from the lingual nerve via V3. Taste sensation 
is delivered from thousands of gustatory receptors located 
within the taste buds of the oral cavity through the chorda 
tympani and the glossopharyngeal nerve. Lesions on the tip 
of the tongue and midline dorsum can have a propensity 
for bilateral lymphatic spread as well as spread to level IA. 
Lateral tongue lesions will primarily spread to the ipsilateral 
level IB and level II. Additionally, there are anatomic and 
clinical series alerting practitioners to the potential of spread 
to levels III and IV of the neck from tongue carcinomas even 
in the absence of spreads to level I or level IL. 

Proceeding posteriorly from the upper lip, begins the 
“upper alveolar ridge.” In parallel to the lower alveolar 
ridge, this region is characterized by dense tooth-bearing 
bone and has similarly specialized tissues. Most anteri- 
orly in the upper alveolar ridge is the triangular-shaped 
premaxilla. This portion of the maxillary alveolar ridge 
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Figure 119.5 Floor of the mouth. 


contains the incisors and has its apex at the incisive fora- 
men. Posteriorly, the upper alveolar ridge extends to the 
maxillary tuberosities bilaterally. Similar to the lower 
alveolar ridge, the mucosa and gingiva are firmly adher- 
ent to the underlying bone, conferring the same propen- 
sity for cortical erosion, and spread down tooth roots, 
which exit in the lower alveolar ridge. In contrast to the 
lower alveolar ridge, the deep bone of the upper alveo- 
lar ridge lacks the same dense cortical characteristics of 
the mandible and instead thins as the maxillary sinuses 
begin. The thin bone at this interface is less resistant and 
readily allows tumor spread into the sinuses. The upper 
alveolar ridge is innervated by the second branch of the 
trigeminal nerve and has a considerable blood supply 
from the facial artery as well as branches of the inter- 
nal maxillary artery including the sphenopalatine artery. 
Lymphatic drainage is to level IB, periparotid lymph 
nodes, and level II. 


Within the bony borders of the upper alveolar ridge 
rests the anatomic unit of the “hard palate.” The hard 
palate is primarily thin bone with a very tight mucosal 
layer overlying it on both the oral and nasal surfaces. The 
paired palatine processes of the maxilla extend to the 
level of the second posterior molar and form the bulk 
of the hard palate. At the most posterior edges are the 
paired horizontal processes of the palatine bone through 
which the greater palatine nerve and vessels exit via the 
greater palatine foramen. Although the periosteum over- 
lying the hard palate is very dense and resistant to tumor 
invasion, there are important areas of potential tumor 
spread related to the foramen of the hard palate includ- 
ing the greater palatine, the lesser palatine, and the inci- 
sive foramen. In addition to its mucosal covering, there 
are numerous minor salivary glands throughout the hard 
palate region. Primary lymphatic drainage is to levels 
land IL. 
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Figure 119.6 Intrinsic muscles of the tongue. 


At the most posterior margin of the oral cavity is the 
“retromolar trigone or RMT.” This region consists of a muco- 
sally covered triangular area that overlies the ascending 
ramus of the mandible. The base of this triangle rests at 
the last lower molar of the lower alveolar ridge and the 
posterior body of the mandible. The apex of the RMT is 
the maxillary tuberosity. The medial border is the anterior 
tonsillar pillar, and the lateral border is the buccal mucosa. 
The mucosa of the RMT is very tightly adherent to the 
underlying mandible and is an area prone to mandibular 
invasion even with small lesions. The lymphatic drainage 
of this area is to levels I and II, but because of its proximity 
to the oropharynx, a special consideration must be given to 
both levels IA and IIB with RMT lesions. 

The last and most lateral component of the oral cavity 
is represented by the “buccal mucosa.” This region extends 
from the RMT and the pterygomandibular raphae posteri- 
orly to the oral commissure and lips bilaterally. The region 
has a mucosal lining surface that extends from the upper 
alveolar ridge superiorly to the inferior alveolar ridge infe- 
riorly. Deep to the mucosal lining is the pharyngobuccal 
fascia and the buccinator muscle. The parotid duct pierces 
the buccinator and the pharyngobuccal fascia to exit at the 
Stensen duct lateral to the upper second molar. Tumors pen- 
etrating these anatomic layers can readily involve the later- 
ally placed buccal fat pad and the subcutaneous as well as 
cutaneous structures of the cheek. Sensation to this region 
is provided by nerves from the second and third branch 
of the trigeminal system, whereas the buccinator muscle 
is innervated by the seventh cranial nerve. The lymphatic 
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drainage to the buccal mucosa is quite dense and primarily 
drains to levels I and II but may extend to the periparotid 
lymph nodes as well. 


EPIDEMIOLOGY 


Assessment of statistics related to oral cavity cancer must 
done with care as often cancers of the oropharynx, a dis- 
tinct subsite of the head and neck with a unique epide- 
miology, are included under the term “oral cancers.” True 
oral cavity malignancies are the 10th most common cancer 
worldwide in men with over 170,000 new cases per year 
and a mortality rate approaching 50% and the 15th most 
common in women with over 83,000 cases and a similar 
mortality rate (2). Globally, the incidence of oral cavity can- 
cer is 1.5 times higher in men than women (3), whereas in 
the US the male:female ratio is 2:1 (4). Certain geographic 
regions have a very high incidence such as Micronesia with 
24 cases per 100,000 in men compared to 6.7 per 100,000 
men in Western Europe (5). 

In the US, head and neck cancer—inclusive of all sub- 
sites—is the sixth most commonly occurring cancer. Review 
of the Surveillance, Epidemiology and End Results (SEER) 
data base indicates that 38% of these occur in the oral cav- 
ity, making it the most common subsite. Thirty-two percent 
will occur in the oral tongue and 20% in the floor of mouth, 
making these the most commonly affected sub areas 
within the oral cavity (6). In 2011, the American Cancer 
Society estimated that 25,820 new cases of oral cavity can- 
cer would occur in the US of which nearly 12,000 would 


originate in the tongue (7). Five to six thousand oral cavity 
cancer-related deaths occur per year (7). Yet, the incidence 
and mortality rates of oral cavity cancer have been declin- 
ing, albeit in small increments, over the past few decades. 
From 1975 to 2008, the incidence of oral cavity in the 
United States decreased by 1%, and the mortality declined 
by 1.3% (8). This likely reflects decreases in tobacco con- 
sumption within the population. Racial disparities also 
exist. Although the incidence of oral cavity and oropharynx 
cancers is essentially equal among African American and 
White US males, death rate of African American males is 
nearly twice that of Whites (9). Although the average age 
of occurrence of an oral cavity cancer is approximately 
60 years and nearly 95% of patients will be over 40 years 
old at the time of presentation, there is concern that the 
incidence of tongue cancer in younger patients has been 
steadily increasing over the same time period (10,11). 

The overwhelming majority, nearly 95%, of oral cavity 
cancers will be squamous cell carcinomas (SCCA) arising 
from the squamous epithelium lining the oral cavity. The 
next most common histology is tumors of salivary gland 
origin. Because of the diverse tissues within the oral cavity, 
a wide variety of tumors may occur in this region. Sarcomas 
of bone (osteosarcoma), muscle (rhabdomyosarcomas), 
and other soft tissues (fibrosarcomas and liposarcomas) 
may occur. Similarly, lymphomas, mucosal melanomas, 
and nerve sheath tumors may also present in the oral cav- 
ity. Tumors of dental origin, both benign and malignant, 
complete the differential of primary lesions within the 
oral cavity. Metastatic lesions, albeit rare, can also occur 
(Table 119.2). 


TABLE 
119.2 TUMORS OF THE ORAL CAVITY 
SCCA 
Salivary gland masses 
Malignant 


Mucoepidermoid carcinoma 
Adenoid cystic carcinoma 
Acinic cell carcinoma 
Salivary ductal carcinoma 
Carcinoma ex pleomorphic adenoma 
Benign 
Pleomorphic adenoma 
Oncocytic lesions (Warthin tumors) 
Mucoceles 
Sarcomas 
Osteosarcoma 
Rhabdomyosarcoma 
Fibrosarcoma 
Liposarcoma 
Lymphomas 
Mucosal melanomas 
Nerve sheath tumors 
Metastatic lesions 
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ETIOLOGY 


Use of tobacco and related products, as well as alcohol 
consumption, are the greatest risk factors for developing 
the most common carcinoma of the oral cavity—SCCA. 
Approximately 75% of oral cavity carcinomas will be 
related to tobacco and alcohol use (12). The risk of devel- 
oping oral cavity cancer is correlated with tobacco use in a 
dose-dependent fashion. Oral cavity cancer risk increases 
1.5-fold in light smokers (less than 10 cigarettes per day) 
and increases to a fourfold greater risk in smokers of greater 
than 30 cigarettes per day (13). The risk markedly increases 
with a smoking history of longer than 20 years and greater 
than 20 cigarettes daily (13). In Europe and South America, 
non-alcohol users who smoked had a threefold greater 
incidence of oral cavity SCCA than nonsmoking non- 
drinkers. In former smokers, the risk of developing cancer 
declines with time. After 9 years of cessation, patients had 
a 50% reduction of risk of cancer (14), and patients have 
only a 1.5-fold increase in cancer rates after 20 years of 
cessation in comparison to nonsmokers (14). In patients 
cured of a primary oral cancer malignancy, 40% recurred 
or developed a secondary head and neck primary, whereas 
only 6% of patients recurred after smoking cessation (15). 

Tobacco use in any form has been associated with oral 
cancer. Although not as strongly and directly correlated 
with oral cavity SCCA, smokeless tobacco (snuff) may con- 
fer as great as a fourfold increase in oral cavity carcinoma 
(16). A cohort study of women in India revealed a greater 
than ninefold increase in the incidence of oral cavity cancer 
in women who used chewing tobacco greater than 10 times 
per day and was also related to duration of use (17). Pipe 
smoking has been associated with cancers of the oral cav- 
ity, pharynx, and esophagus, with heavy drinking increas- 
ing the risk multiplicatively (18). Pipe smoking associated 
with cancer of the lip is due to both the temperature and 
permeability of the pipe stem (19). The lateral tongue and 
floor of mouth also warrant close consideration. 

Similar to tobacco for the stimulant and carcinogenic 
effects, the areca nut is the seed of the Areca palm and when 
wrapped in the betel leaf is referred to as “betel nut.” In India 
and Southeast Asia, the betel nut is chewed with a mixture of 
other flavorings, cured tobacco, and lime and called “quid.” 
Betel nut quid has been shown to be highly carcinogenic 
(20). Buccal mucosa cancers are nearly eight times more 
prevalent in betel nut users and in high-use regions such as 
India, Southeast Asia and northeast Brazil, where oral cavity 
cancers can account for between 25% and 50% of all cancers 
(21). In a cohort study of over 10,000 participants in Taiwan, 
users of tobacco, alcohol, and betel nut quid had a greater 
than 46-fold increase in oral cavity cancers (22). Other alter- 
native uses of tobacco and like products also increase the risk 
of oral cancers. The practice of reverse smoking—placing the 
lit end of the cigarette in the mouth during inhalation—is 
associated with a 47-fold increase in rates of hard palate car- 
cinoma among women in India (23). 
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The synergistic effect of tobacco and alcohol consump- 
tion has long been recognized in the development of head 
and neck cancer. An estimated 75% of all head and neck 
cancers are caused by tobacco and alcohol combined, and 
those who smoke two packs per day and drink four units 
of alcohol per day are 35 times more likely to develop 
cancer compared with healthy controls (12). Significant 
overlap in the consumption of tobacco and alcohol can 
confound epidemiologic attempts at risk stratification. 
Yet, studies indicate an independent role for alcohol in 
inducing malignancy of the oral cavity, in a dose-depen- 
dent fashion (24,25). Dose-response curves demonstrate 
a doubling in relative risk for light users of alcohol (30 g/ 
day) compared to a nearly 10-fold increase in relative risk 
for heavy users of alcohol (130 g/day) (26). The effect is 
consistent across types of alcoholic beverages including 
beer, wine, and hard alcohol (27). No clear trend is iden- 
tifiable for duration of alcohol use. Decreased risk of head 
and neck cancer can be achieved with alcohol cessation 
but requires years of abstinence, and the return to the risk 
level of nonalcohol users does not standardly occur until 
20 years after cessation (27). 

The human papilloma virus (HPV) infects epithelial 
cells and has been implicated as an early carcinogenic 
event in head and neck cancer with the HPV-16 subtype 
being the most common. There has been a significant 
increase in HPV+ oropharyngeal cancers, which demon- 
strate an overall favorable prognosis when compared to 
traditional oropharyngeal squamous cell cancers (28). 
However, HPV+ oropharyngeal SCCA is a distinct clinical 
entity highly selective to the oropharyngeal subsites. HPV 
DNA has been variably isolated from a wide range of oral 
cavity cancer specimens (29). Review often indicates sig- 
nificant overlaps with the oropharyngeal subsites and not 
true oral cavity origin. The same increase in cure rates of 
oral cavity cancers has not yet been observed, and there- 
fore, current treatment methods for oral cavity squamous 
cell cancers should not be altered. Efforts to test oral cav- 
ity cancers for HPV and related markers may be helpful in 


future treatment algorithms, but a clear trend needs to be 
established prior to altering management. 

Nonsmokers and nondrinkers may also present with 
oral cavity cancers, and fortunately, many of these present 
with early-stage disease affording a favorable prognosis. 
A greater proportion of these patients are female, and the 
common sites include the lateral tongue, maxillary alveo- 
lar ridge, and buccal regions. There is also an observed 
trend for an increased incidence in patients under 40 years 
of age (6). 

Lichen planus is a chronic, inflammatory process 
affecting the oral cavity with a predilection for the buccal 
regions. Reports describe squamous cell cancers arising 
within areas of lichen planus, but the true malignant trans- 
formation rate is demonstrated to be less than 2% (30). 
Lichen planus has an unclear etiology and often responses 
to topical steroids. Patients with lichen planus should be 
observed closely for the formation of dominant and rap- 
idly progressive lesions more consistent with carcinoma. 
Such observation and the use of judicious biopsy will pre- 
vent concerning lesions from proliferating under the sup- 
position of a benign process. 

Another small but important subgroup of patients war- 
ranting close observation are those who have undergone 
allogenic bone marrow transplantation. A chronic inflam- 
matory process accompanies graft versus host disease 
(GVHD) in these patients, and although the most com- 
mon second cancers noted after transplantation are hema- 
tologic, squamous cell cancer is the most common solid 
tumor seen in GVHD patients (31). All regions of the oral 
cavity are susceptible to GVHD and therefore warrant close 
observation. 


PRESENTATION 


Oral cavity neoplasms present in a variety of forms 
(Fig. 119.7A-F). Growths will usually present as an atypi- 
cal area affecting the lining of one of the specific subsites 
of the oral cavity. This may be as simple as a small rough 


Figure 119.7 A: Leukoplakia at the junction of the floor of mouth and tongue. B: Erythroplakic 


lesion of the floor of mouth positive for SCCA. 
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(Continued) C: Exophytic and pedunculated lesion of the lateral oral tongue posi- 
tive for SCCA. D: SCCA at the junction of the RMT and the posterior buccal mucosa. E: SCCA of the 
right upper alveolar ridge. F: SCCA of the lower alveolar ridge invasion into cortical bone. 


area or may be quite extensive involving multiple sub- 
sites. Leukoplakia is a commonly used term to describe 
a discrete persistent white patch in the oral cavity. These 
areas cannot be wiped off and are usually the result of 
chronic irritation. The malignant potential of leukopla- 
kia is rather small, but it is generally felt that between 
5% and 15% of these lesions can harbor malignancy 
(32). A baseline biopsy is not an unreasonable initial 
approach to the management of the leukoplakic lesion. 
Erythroplakia, a red plaque, is a more concerning entity. 
Erythroplakic lesions are felt to have a much greater 
potential for malignant transformation that can be five to 
seven times that of leukoplakia. All erythroplakic lesions 
warrant a biopsy for full evaluation and close follow-up if 
found to be nonmalignant. 

Oral cavity lesions may also present as an ulcerative 
lesion within one of the subsites. This can be a shallow 
area without deep infiltration but also can manifest a 
significant infiltrative pattern into involved regions such 
as the tongue, floor of mouth, or alveolar ridges. Often, 


these deeply infiltrative ulcerative lesions are quite pain- 
ful. At the other extreme, some lesions may be highly 
exophytic and present with a small base of true invasion. 
Likewise, an exophytic lesion can have a broad base with 
deep infiltration. These lesions also can present with 
pain. 

Other manifestations of oral cavity neoplasms include 
bleeding without any predisposing trauma. As noted, per- 
sistent pain of the oral cavity lasting longer than 3 weeks 
is concerning for a neoplasm. Patients may also complain 
of new loose teeth in either the upper or lower alveo- 
lar ridges without any significant predisposing trauma, 
dental issues, or lack of hygiene. Another less common 
presentation is that of bad breath secondary to necrotic 
tumor. Oral cavity neoplasms can also present as a pain- 
less submucosal masses that can be quite extensive. 
Neoplasms such as this should raise concern for an eti- 
ology other than that from the squamous mucosal lin- 
ing of the oral cavity. Salivary gland neoplasms would be 
the most common such lesions, especially in the floor 
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of mouth or a buccal region. Tumors originating from 
the mandible or maxilla, as well as from the teeth, also 
warrant consideration. 


DIAGNOSIS AND EVALUATION 


Although lesions of the oral cavity are usually quite vis- 
ible compared to other head and neck subsites such as 
the oropharynx, larynx, hypopharynx, and sinonasal 
tract, a large proportion will present at an advanced 
local stage. A complete history will elucidate the clinical 
course. The timing of presentation and relative growth 
of the primary lesion will alert to rapidly progressive 
tumors that require urgent intervention before nutri- 
tional and airway issues become critical. Similarly, the 
presence and growth pattern of any clinical neck disease 
will be informative. Associated symptoms such as otalgia 
can portend more advanced disease than may be initially 
noted. Trismus also carries significant implications as it 
can be a harbinger of deep infiltration into the pterygoid 
musculature. Oral pain and odynophagia are often early 
symptoms but indicate advanced disease. Functional 
issues such as dysphagia and dysarthria may be related 
to tumor-associated pain or the physical presence of 
tumor in the oral cavity. Tumors may also involve cra- 
nial nerves, V, VIL, IX, X, and XII. Weight loss, halitosis, 
or loose teeth can indicate advanced disease. Dysarthria 
may be secondary to pain or signal involvement of the 
hypoglossal nerve. A thorough past medical history 
should be obtained including current medications (anti- 
coagulants), previous interventions (biopsies, lesion 
excisions, or aerodigestive malignancy treatments), and 
medical comorbidities that will be of critical importance 
for surgical planning (coronary artery disease, chronic 
obstructive pulmonary disease). 

A history of salient risk factors is mandatory not only 
for assessment of causation but also to begin treatment 
planning. Smokers should be advised to stop and ces- 
sation counseling undertaken. Numerous studies indi- 
cate that patients who smoke tobacco during head and 
neck cancer treatment have significantly worse treatment 
courses and overall survival compared to those who stop 
smoking (33). Continued alcohol use and abuse may 
also have significant negative impact. Alcohol use comor- 
bidities, including cirrhosis and encephalopathy, can 
seriously affect treatment planning and long-term care. 
Furthermore, the abrupt cessation of alcohol use, which 
normally accompanies impatient surgical care, may place 
patients at significant risk for alcohol withdrawal syn- 
drome and its sequalae (34,35). 

Cancers involving the oral cavity are readily assessed by 
physical examination in the clinic. The overall quality of the 
tumor should be described: exophytic, ulcerative, pedun- 
culated, etc. A clear demarcation of the specific subsite of 
the oral cavity affected by the neoplasm is essential: tongue, 


floor of mouth, etc. As tumor staging in the oral cavity is 
size based, the dimensions of the lesion need to be clearly 
defined with particular attention to the demarcation points 
of 2 and 4 cm. Ifa lesion extends from one head and neck 
subsite to another, this too must be noted such as a tongue 
cancer extending into the floor of mouth. Palpation is 
essential to determine factors such as depth, degree of infil- 
tration, immobility, and adherence to bone—all of which 
portend more serious disease. Likewise, palpation of the 
base of tongue, although unpleasant for the patient, offers 
critical information. 

As the primary risk factors for oral cavity malignancies 
are also prime risk factors for other upper aerodigestive 
tract subsites, such as oropharynx and larynx, a complete 
head and neck physical examination and assessment is 
required of not only the primary tumor and its associ- 
ated anatomical extension, but a thorough appraisal of 
the upper aerodigestive tract to evaluate for second pri- 
mary tumors. The process of field cancerization—“the 
development of premalignant clones of cells throughout the 
aerodigestive tract because of repeated exposure of the tissue to 
carcinogens in tobacco products” (36)—accounts for the sig- 
nificant rates of second primary tumors in head and neck 
cancer patients with primary tumors of subsites separate 
from the second lesion. Mirror exam or fiberoptic exami- 
nation of all visible upper aerodigestive tract mucosal sur- 
faces should be undertaken as part of the initial clinical 
evaluation. 

Assessment of regional spread is required. The entire 
neck should be palpated for potential metastatic spread of 
disease with particular attention paid to the assessment of 
the lymphatic levels at greatest risk for each specific region 
of the oral cavity (Table 119.1). Bimanual palpation, with 
one gloved finger in the mouth and the other palpating 
the external neck, is beneficial for assessment of the sub- 
mental and submandibular triangles. Mobility of suspi- 
cious nodes should be noted. Fixed adenopathy is a poor 
prognostic feature and can indicate carotid encasement as 
well as deep muscle infiltration, factors ultimately affecting 
resectability. 

The appropriate use of imaging for the evaluation of 
the primary tumor, regional lymph node basins, and chest 
imaging further augments the comprehensive assessment 
of oral cavity neoplasms and should be addressed at the 
earliest clinical time point. If possible, imaging is usually 
recommended prior to tissue acquisition by biopsy or fine 
needle aspiration (FNA) to limit any effect these interven- 
tions may have on radiologic findings. Plain films cur- 
rently have little utility in evaluation of oral cavity cancers. 
With recent technologic advances such as reformatting, 
image acquisition speed, and low-dose scanning, much 
greater detail can be obtained with computed tomography 
(CT) imaging in a similar amount of time with minimal 
increase in radiation dosage. CT imaging provides excel- 
lent bony definition, which is critical in many oral cavity 


subsites. When combined with contrast utilization, CT 
imaging can also provide excellent soft tissue definition. 
The rapid acquisition time of CT scans is also an impor- 
tant consideration as some patients with advanced oral 
cavity cancers may not be able to tolerate the positioning 
and necessity of prolonged immobility required for other 
imaging techniques. 

Magnetic resonance imaging (MRI), with contrast 
enhancement and use of differential weighting, can pro- 
vide truly outstanding soft tissue definition and demar- 
cation of tumor involvement. Similarly, evidence of 
perineural spread and cranial nerve involvement may be 
obtained with MRI. MRI evaluates mandibular invasion 
with greater sensitivity than CI, though with less specificity 
(37). Although delivering no ionizing radiation, MRI does 
have disadvantages of increased cost, geographic inacces- 
sibility, and longer acquisition times. 

As both CT and MRI have specific advantages and 
disadvantages, choice of imaging modality will be deter- 
mined by the primary site of the lesion and the specific 
clinical information desired in the evaluation of the 
primary site and the regional lymphatics (Figs. 119.8 to 
119.11). Assessment of bone involvement is best evalu- 
ated with CT scan and is critical in alveolar ridge, RMT, 
and hard palate sites. The RMT can be particularly chal- 
lenging to assess, and studies demonstrate that bone 
invasion may not be notable on preoperative CT imaging 
in one-quarter of patients evaluated (38). Bone involve- 
ment by tumors originating in soft tissue sites such as 
tongue and floor of mouth has significant impact on 


Figure 119.8 T2-weighted coronal MRI demonstrating infiltrat- 
ing lateral tongue cancer, abutting the lingual artery (arrow). 
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Figure 119.9 Contrast axial CT demonstrating floor of mouth 
oral cavity cancer eroding the anterior mandible. 


treatment planning. Specifically, the evaluation of man- 
dibular involvement is important in primary tumor 
staging and surgical planning. Again, high-resolution 
CT scanning is the current imaging modality of choice, 
although recent studies indicate the increasing utility of 
MRI, especially for marrow and nerve involvement. The 
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Figure 119.10 Postcontrast T1-weighted coronal MRI demon- 
strating low-grade polymorphous adenocarcinoma of the hard 
palate. 
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Figure 119.11 Contrast axial CT demonstrating extension of 
buccal carcinoma into the subcutaneous tissues of the cheek. 


use of CT scanning has been shown to be helpful in clini- 
cal evaluation of the primary tongue tumors (39). Due to 
the well-established fascial planes surrounding the lin- 
gual artery and hypoglossal nerve, a CT scan will aid in 
the surgical evaluation for a partial glossectomy, as the 
surgeon evaluates the ability to save the neurovascular 
bundle on one side of the tongue. This has been greatly 
aided by high-quality reformatting allowing assessment 
of the coronal, sagittal, and axial planes. Yet, MRI pro- 
vides superior definition of tumor extent and involve- 
ment in soft tissue areas such as the tongue, floor of 
mouth, and buccal region and should be considered for 
these lesions. Patients with clinical evidence of neural 
involvement and with tumors predisposed to perineu- 
ral involvement, such as floor of mouth adenoid cystic 
carcinomas or palatal or alveolar ridge carcinomas, can 
also benefit from MRI to assess potential proximal neural 
involvement. 

In the United States, CT and MRI are the most com- 
monly used imaging modalities to evaluate for regional 
metastasis, though with somewhat limited accuracy 
(40). Definition of clinical evident adenopathy is 
straightforward with attention focused on overall size, 
multifocality, evidence of extracapsular spread, deep 
muscle involvement, carotid involvement, and skull 
base involvement. The clinically negative neck provides 
a greater challenge. Criteria for positivity can vary but 
often include size greater than 10 mm, evidence of cen- 
tral necrosis, loss of ovoid shape, loss of fatty hilum, and 
the presence of extracapsular extension (41). Though not 
widely used in the United States, ultrasound has been 


shown to be more accurate in the assessment of meta- 
static lymph nodes, specifically in assessing the integ- 
rity of the hilar architecture and blood flow in benign 
appearing lymph nodes (42). In the evaluation of the 
combination of selective ultrasound-guided ENA biopsy, 
several European studies indicate the usefulness of these 
techniques for assessment of the occult metastatic neck 
disease (43-45). 

The role of positron emission tomography (PET) scans 
in the staging of oral cavity cancer has not yet been defined. 
The combination of the PET imaging with CT scanning to 
provide PET/CT modality has increased the applicability 
of this imaging technique, yet limitations remain. The CT 
images obtained with combined PET/CT are often not of 
the detail and quality obtained with dedicated high-reso- 
lution, contrast-enhanced CT scans and therefore should 
not be considered a replacement. PET imaging offers little 
added information over standard imaging for assessment 
of primary lesions. In the assessment of regional disease, 
PET is often confirmatory, not enlightening. PET also 
demonstrates limitations in the assessment of the clinical 
negative neck especially for nodes less than 1 cm. Despite 
equivocal evidence, PET/CT scans are often obtained in the 
preoperative setting. Although PET/CT may be of limited 
use in management of the primary disease, it can aid in 
the detection of distant metastatic disease (46). Therefore, 
patients at high risk for metastatic disease such as those 
with recurrent disease, large primary site tumors, extensive 
and low neck adenopathy, as well as patients requiring 
surgical intervention with significant potential morbidity 
should be considered for evaluation of potential distant 
metastatic disease with PET/CT. Thus, although of limited 
utility in the evaluation of the primary disease (47), the 
more significant role of PET/CT imaging may be in post- 
treatment assessment in distinguishing posttreatment 
effect from neoplasm in cases of recurrence or persistent 
tumors (48). 

Pulmonary metastasis is the most common site of 
distant disease spread in oral cavity, and formal evalua- 
tion of the chest is mandatory. Furthermore, widespread 
tobacco use by patients with oral cavity cancer predis- 
poses this risk group to increased rates of synchronous 
primary lung cancers. For patients at low risk for dis- 
tant spread or primary lung cancer, chest x-ray (CXR) is 
sufficient for evaluation of the chest. If there is greater 
concern for pulmonary metastasis because of risk fac- 
tors noted above, excessive tobacco use, or suspicious 
chest plain film, then chest CT is indicated. When clini- 
cal circumstances warrant it, PET/CT imaging may be 
alternatively employed. 

Comprehensive staging of the oral cavity tumors per- 
formed in the clinic setting requires tissue for diagnosis. 
As the oral cavity subsites are quite accessible in the office 
exam, a biopsy of the primary site can readily be obtained 
with minimal issue under local anesthesia. This can be 
completed with an incisional technique or cup forceps. 


Care must be taken to obtain adequate and analyzable 
tissue with biopsy. A specimen of adequate depth, to 
assess invasion, and viability should be the goal. Biopsies 
of frankly necrotic tumor or superficial biopsies can be of 
limited usefulness. The use of a 3- to 4-mm dermatologic 
punch is an excellent means of obtaining an adequate 
tissue specimen with minimal morbidity. Acquiring a 
tissue sample will have minimal effect on subsequent 
treatment. An exception is the mobile submucosal mass 
in the floor of mouth or buccal region without evidence 
of mucosal involvement. Because salivary gland neo- 
plasms can present in this fashion, a mucosa-disrupting 
biopsy should be avoided, and tissue diagnosis can be 
achieved with transoral FNA. Finally, if lymphoma is a 
serious consideration at the time of biopsy, the specimen 
should be sent fresh in saline to allow assessment by flow 
cytometry. 

Palpable and suspicious lymphadenopathy can be 
further assessed with outpatient FNA. In experienced 


TABLE 


119.3 DIAGNOSIS AND EVALUATION 


Complete history and physical examination 
(1) History 
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centers, FNA is highly accurate in diagnosing metastatic 
SCCA (49). Again, adequate specimen acquisition and 
fixation are critical (50,51). Although confirmatory, an 
FNA of clinically evident lymphadenopathy in the setting 
of a biopsy-confirmed, primary oral cavity cancer is not 
mandatory. 

Upon completion of the outpatient evaluation, patients 
with oral cavity malignancies should undergo formal 
evaluation under anesthesia (EUA). This should include 
direct laryngoscopy and pharyngoscopy, with consid- 
eration of flexible bronchoscopy and esophagoscopy if 
warranted. During the EUA, complete assessment of the 
primary site can be achieved without the limitations of 
patient discomfort and compliance. Thorough palpation 
for size and extent of involvement can be undertaken. The 
remaining subsites in the upper aerodigestive tract can also 
be thoroughly evaluated to rule out second primary dis- 
ease. Finally, initial or additional tissue sampling can be 
obtained (Table 119.3). 


(a) Length, severity, and quality of symptoms, with specific attention to dysphagia, odynophagia, otalgia, and dyspnea 


(b) Previous treatments relating to oral lesion 

(c) Social history including drug and alcohol exposure 

(d) Comorbid factors important in surgical planning 
(2) Physical 


a) Assess overall characteristics of tumor including subsite, invasion of local structures; assess for reconstructive options 


( 
(b) Assess for multiple primary sites and regional spread 
(c) Stage tumor using AJCC staging TNM guidelines 

(3) Biopsies 


(a) Biopsy of the primary tumor in the office if possible and appropriate 


(b) FNA of regional neck metastatic disease if present 
Imaging 
(1) CT and/or MRI of the primary tumor and regional lymph node basi 
(2) CXR or CT of the chest 
(3) PET/CT if concerns for metastases 
(4) May consider panorex or barium swallow 


Laboratory tests 


ns 


(1) Complete blood count, electrolytes, and liver function panel based on preoperative assessment and anesthetic considerations 
(2) Electrocardiogram and further cardiac evaluation based on patient’s medical history 


Consultations 

1) Dental evaluation 

2) Radiation oncology evaluation 

3) Medical oncology evaluation 

4) Pretreatment medical evaluation 

5) Appropriate subspecialty consultations 
6 


Examination under anesthesia 
(1) Direct laryngoscopy and pharyngoscopy 
(2) Esophagoscopy if physical examination warrants further evaluation 
(3) Bronchoscopy if physical examination warrants further evaluation 
(4) Palpation of oral cavity and oropharynx 


) May also consider speech pathology, internal medicine, and anesthesiology 
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STAGING AND PROGNOSIS 


The staging for oral cavity carcinoma follows the American 
Joint Committee on Cancer (AJCC) staging format, most 
recently updated in 2010. Staging criteria may be found 
in Table 119.4. The standard TNM classification system is 
utilized to arrive at a stage rated from I to IV. The T status 
is determined by the size of the tumor for T1, T2, and T3 
and the degree of associated involvement for T4 lesions. 
Tumors achieve a T4a status with invasion: through corti- 
cal bone, into deep, extrinsic muscles of the tongue, into 
the maxillary sinus and skin of the face. T4b tumors invade 
one or more of the following structures—Masticator space, 
pterygoid plates, the skull base, and carotid artery—and 


TABLE 


Primary Tumor (T) 
Tx Unassessable NX 


Regional Lymph Nodes (N) 


may therefore be unresectable. The N status is determined 
by size, location, and number of lymph nodes involved 
ranging from NO to N3. The presence of metastatic disease 
is denoted by the M status. 

Though the current AJCC staging criteria are based 
on clinical and radiologic diagnoses, multiple histo- 
logic characteristics of the primary tumor have been 
shown to impact prognosis. These are discussed under 
the “Management of the NO Neck” but include depth of 
invasion of the primary tumor, perineural spread, perivas- 
cular spread, perilymphatic spread, poorly differentiated 
tumors, and infiltrative tumors. Tumors of the oral tongue 
and floor of mouth with invasion less than 2 mm have a 
13% metastatic rate to the regional lymph node basin and 


119.4 CLINICAL CLASSIFICATION OF SQUAMOUS CELL CARCINOMA OF THE ORAL CAVITY 


Distant Metastasis (M) 


Unassessable MX  Unassessable 
TO No evidence of primary tumor NO ~~ No regional lymph node metastasis MO No distant metastasis (no 
pathologic MO; use clinical M 
to complete stage group) 
Tis Carcinoma in situ N1 Single ipsilateral lymph node, 3 cm M1 Distant metastasis 
T1 Tumor 2 cm or less in greatest dimension or less in greatest dimension 
T2 Tumor 2 cm but not >4 cm in greatest 
dimension 
T3 Tumor >4 cm in greatest dimension 
T4a Moderately advanced disease (resectable) N2a__ Single ipsilateral lymph node >3 cm 
Lip Tumor invades through the but not >6 cm in greatest dimension 


cortical bone, inferior alveo- 
lar, floor of mouth, or skin of 
face (chin, nose, etc.)? 
Oral cavity = Tumor invades through 
sites adjacent structures only such 
as cortical bone (mandible or 
maxilla), into deep extrinsic 
muscles of tongue (genio- 
glossus, hyoglossus, palato- 
glossus, styloglossus), into 
maxillary sinus or skin of face? 
T4b Very advanced disease (unresectable) N2b 
Tumor invades masticator space, pterygoid 
plates, or skull base and/or encases inter- N2c 
nal carotid artery 


Multiple ipsilateral lymph nodes, 
none >6 cm in greatest dimension. 
Bilateral or contralateral lymph nodes, 
none >6 cm in greatest dimension. 


N3 Any lymph node >6 cm 


Stage Grouping 
Mo T1 T2 T3 T4a T4b 
NO | II III IVA IVB 
N1 III Ill III IVA IVB 
N2 IVA IVA IVA IVA IVB 
N3 IVB IVB IVB IVB IVB 
All M1 IVC 


Superficial erosion alone of bone/tooth socket by gingival primary is not sufficient to classify a tumor as T4. 


a 95% disease-specific survival, while tumors 2.1 to 9 mm 
in depth have a metastatic rate of 46% and survival drops 
to 85% (52). Patients with tumors exhibiting perineural 
invasion have both decreased locoregional control of their 
disease and decreased disease-specific survival. The border 
of the tumor with the native tissue as well as the type of 
invasion also affect prognosis. Tumors with well-defined 
or “pushing” borders confer a better prognosis than those 
with less well-defined borders and deep infiltration (53). 

The single most important factor in overall survival is the 
presence of positive cervical lymph nodes, and is reflected 
in the current AJCC staging guidelines. Extracapsular 
extension, as evaluated in the excised specimen, has been 
shown to be an independent predictor of development of 
regional recurrence and distant metastatic disease (54). In 
one single-institution study, the “lymph node density,” 
or ratio of metastatic to benign lymph nodes in the sur- 
gical specimen, was found to have important prognostic 
implications. Patients with a higher lymph node density 
had decreased overall and disease-specific 5-year survival 
rates, though replication of these results may be hindered 
by institutional variation in both surgical neck dissection 
technique and pathologic examination (55). 

Overall survival rates based on stage alone are detailed 
in Figure 119.12. Statistics for each individual patient, 
however, remain difficult to predict, as many important 
prognostic features are not included in the current stag- 
ing system. Recently, a nomogram including various other 
patient and tumor characteristics has been developed and 
externally validated, which may aid in the assessment of 
each individual’s locoregional recurrence-free survival 
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(56). This study validated the negative poor prognostic 
influence of advanced T stage, advanced N status, and close 
or positive margins. 


TREATMENT 


Treatment options for oral cavity carcinoma include sur- 
gery, radiation, chemotherapy, or some combination of 
the above. For early-stage tumors, both primary surgery 
and radiation have been shown to be equally effective. 
Therefore, treatment decisions are based on anatomical 
subsite and the associated morbidity of surgery or of radia- 
tion to that region, the patient’s comorbidities, and phy- 
sician and patient preference. Chemotherapy has no role 
as a single-modality curative therapy, but recent experience 
has demonstrated usefulness in the adjuvant setting. For 
later-stage tumors, or tumors with other poor prognostic 
features, patients benefit from multimodality treatment 
with the proper sequence of surgery and radiation with or 
without chemotherapy. 


Radiation 


Early-stage tumors may be treated with primary radiation 
therapy. The standard dosing regimen for external beam 
radiation is 1.8 to 2 gray (Gy) daily for a total dose of 
62 to 70 Gy. For locally advanced head and neck cancer, 
hyperfractionated radiation dosing with concomitant 
boost protocols provides better locoregional control than 
standard daily dosing, although no significant differ- 
ences were seen in overall survival. Furthermore, patients 
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receiving hyperfractionated dosing experienced more 
severe acute side effects including radiation burns to 
the skin, mucositis, and xerostomia (57). Indications 
for postoperative radiation therapy to the primary site 
include positive or close surgical margins (less than 
5 mm), perineural or perivascular invasion, or T, or T, 
tumors (58). Patients with multiple positive nodes or 
lymph nodes with extracapsular extension in the neck 
also benefit from postoperative radiation therapy. In any 
treatment protocol, every effort should be made to reduce 
the total treatment time (from surgery to the completion 
of radiation therapy) to less than 100 days, as decreased 
treatment time increases locoregional control and over- 
all survival (59). Curative unimodality radiation therapy 
can be limited by several technical challenges in deliver- 
ing consistent dosage to the target area. These challenges 
include mobility of the target tissue such as the tongue 
and the presence of dense materials such as bone and 
dental restorations in the field. These factors can often be 
overcome with the use of interstitial implant and brachy- 
therapy. The most common use of radiation therapy for 
oral cavity cancer is in the adjuvant setting with planned 
surgery. Adjuvant radiation is usually done in the postop- 
erative setting as no survival benefit exists when radiation 
is given preoperatively (GO). 

Radiation toxicities to the oral cavity include xerosto- 
mia, dysgeusia, dysphagia, dental decay, and osteoradione- 
crosis of the mandible. The duration of treatment is also 
significant with treatment courses averaging 6 to 7 weeks. 
Due to the extensive side effect profile, primary surgical 
resection is favored over radiation for early-stage oral cav- 
ity carcinoma. The use of intensity-modulated radiation 
therapy (IMRT) for advanced-stage oral cavity carcinoma 
has improved side effect profiles, in which dosing is maxi- 
mized to tumor volume but minimized to surrounding 
normal structures. The use of IMRT decreases the incidence 
and severity of late xerostomia (61). Though sparing of the 
submandibular and parotid glands when possible may 
minimize xerostomia, this technique is more feasible for 
sites outside of the oral cavity (62,63). 


Chemotherapy 


Chemotherapy, as a single treatment modality, has no 
role in the primary treatment of oral cavity carcinoma 
but has a well-established role in the adjuvant setting 
for advanced-stage disease. Randomized studies by both 
the European Organization Research and Treatment of 
Cancer and the Radiation Therapy Oncology Group show 
that adding concomitant cisplatin to postoperative radia- 
tion improves both locoregional control and disease-free 
survival in patients with advanced-stage disease (64,65). 
Side effect profiles, however, remain poor, and the addi- 
tion of chemotherapy adds significant adverse toxicity to 
therapy (64). Retrospective subgroup analysis of these 
studies demonstrated that only patients exhibiting either 


extracapsular extension or positive margin status were 
found to have significant survival benefits from the addi- 
tion of chemotherapy. Though there was a trend toward 
increased survival with advanced-stage (III and IV) tumors, 
these results were not statistically significant. Interestingly, 
the presence of multiple positive lymph nodes without 
ECS was not shown to have benefited from the addition of 
chemotherapy (66). 

The use of primary chemoradiation therapy for surgi- 
cally resectable advanced-stage oral cavity cancer is cur- 
rently under investigation in several centers. Various 
treatment protocols have been proposed using neoadju- 
vant, concurrent, and sequential treatment algorithms, 
with potentially encouraging results in selected patient 
groups. Further investigation is necessary before wide- 
spread adoption is advocated. 


Surgery (By Subsite) 


Cancers of the oral cavity are best managed by primary 
surgery. Many early T-stage tumors may be managed by 
transoral resection. For larger intraoral tumors, or tumors 
extending posteriorly towards the base of tongue, tran- 
soral approaches may not be sufficient for access. Adequate 
access and visualization are maximized by various surgi- 
cal approaches. For buccal lesions, the addition of a lip- 
split incision may be required. This can be expanded to 
include mandibulotomy to afford the surgeon excellent 
posterior visualization for resection, and wide access for 
reconstructive options. This approach does, however, place 
the patient at risk for postoperative nonunion of the man- 
dible, especially in patients who will be receiving postop- 
erative irradiation. Furthermore, patients are left with a 
midline lip-split scar, and numbness in the distribution 
of the inferior alveolar nerve. In lieu of a mandibulotomy 
approach, most tumors without mandibular involvement 
may be approached through a visor flap and some form 
of lingual release. Liberal transcervical access allows for 
adequate visualization for ablation and access for recon- 
structive efforts. No significant difference in locoregional 
control or margin status has been found between the two 
approaches (67,68). 

Surgical decision making must also take into consider- 
ation the management of the neck as well as the primary 
site. For clinically, radiographically, or pathologically posi- 
tive regional neck disease, formal neck dissection is rec- 
ommended. Historically, the use of the modified radical 
neck dissection for node positive disease was advocated. 
Currently, thorough selective neck dissections of involved 
lymph node levels and levels at risk for specific subsites 
are reported as equally effective in controlling neck disease. 
Advanced neck disease with sternocleidomastoid involve- 
ment, jugular vein involvement, and accessory nerve 
encasement warrants treatment with classic radical neck 
dissections and consideration of accessory nerve recon- 
struction. 


Management of the NO Neck 


The management of patients with oral cavity malignancies 
and NO neck stage deserves specific consideration. The NO 
status must be strictly demonstrated by both physical exam 
and radiologic criteria. Regardless of negative assessment 
on both these factors, between 20% and 40% of patients 
with oral cavity cancer and NO neck will demonstrate 
regional metastasis (69-71). The salvage rates for subse- 
quent neck recurrence are poor, approximately 25%, and 
underscore the importance of adequate up-front treatment 
of the NO neck (72). 

Therefore, judicious surgical and pathologic assess- 
ment of the lymphatic basins at risk with specific oral 
cavity subsites is warranted. Such intervention not only 
provides a therapeutic benefit of removing any potentially 
occult metastatic disease within the neck but also provides 
more thorough pathologic staging information. Pathologic 
information from the surgical specimen can guide the 
appropriate decision making for adjuvant therapy such 
as radiation therapy or a combination of chemoradiation 
therapy. Factors taken into account include multifocality 
of the metastatic disease, evidence of extracapsular spread, 
and further assessment of potentially important biologic 
markers. 

Classic evaluation of the NO neck was defined using the 
modified radical neck dissection and clearance of levels 
one through five. Experience over the last two decades has 
demonstrated that the selective neck dissection of levels I, 
Il and LIL, the supraomohyoid neck dissection, is as efficacious 
as the modified radical neck dissection (72,73) with less 
morbidity (74,75). The selective neck dissection demon- 
strates similarly low recurrence rates of less than 5% when 
compared to the modified radical neck dissection. 

Specific consideration should be given to thorough 
dissection of level 1A for all anterior tongue and ante- 
rior floor of mouth lesions. Similarly, potential dissection 
of bilateral necks should be considered for such anterior 
lesions. Studies have indicated that level IIB is a rare site 
for occult metastasis from most oral cavity malignancies 
(76). This has significant importance as the dissection of 
only level IIA carries significantly lower risk of 11th cranial 
nerve dysfunction secondary to surgical issues related to 
direct trauma, tissue retraction, and decreased vascularity 
involved with circumferential neural dissection. Eleventh 
nerve dysfunction along with praxis of the lower seventh 
nerve branches and resultant smile dysfunction as well as 
contour deformity are the main postoperative issues asso- 
ciated with selective neck dissection and deserve specific 
consideration in discussing such intervention with patients 
(74,75). A consideration for level IIB dissection can be 
undertaken with RMT carcinomas and lesions with a more 
posterior location that abut or potentially cross into the 
oropharyngeal subsite. 

Advanced oral cavity lesions, T3-T4 tumors, have a sig- 
nificantly higher degree of occult metastasis in the NO neck 
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and should be addressed with a selective neck dissection. 
This issue is less controversial as surgical exploration of the 
neck is usually required as a component of the ablative 
approach to the resection of such tumors. Similarly, neces- 
sary reconstructive efforts such as regional and free tissue 
flap reconstructions may require intervention in the neck. 

The more challenging question is the management of 
the early-stage oral cavity cancer, T1-T2 tumors, with the 
NO neck. Currently, between 15% and 20% of such early- 
stage malignancies will demonstrate occult metastasis on 
formal surgical evaluation of the neck. This risk of occult 
metastasis increases with certain factors, most notably, size 
of the tumor with T2 lesions having a greater metastatic 
potential than smaller T1 lesions. Depth of invasion has 
been evaluated in numerous studies and found to be sig- 
nificantly correlated with occult metastatic disease (52). 
Varying cutoff points between 2 and 4 mm have been 
evaluated to demonstrate an appropriate threshold for 
proceeding with surgical treatment and evaluation of the 
selective neck dissection (77). Studies support the cutoff 
of 4 mm or greater depth of invasion as an indication to 
proceed with selective neck dissection. Although not as 
strongly correlated with occult metastasis as depth of inva- 
sion, other factors such as poorly differentiated tumors, 
tumors demonstrating lymphovascular invasion, and 
tumors with an infiltrative growth pattern can confer and 
increased risk (78). Neck dissection should also be recom- 
mended in such cases. 

For early-stage tumors, one clinical approach is to pro- 
ceed with the surgical management of the early-stage pri- 
mary tumor and allow the presence of poor pathologic 
features on final pathology to determine the need for adju- 
vant treatment of the neck with radiation therapy. Yet, even 
in tumors with poor prognostic features, this would lead 
to significant overtreatment with radiation therapy and its 
associated short- and long-term side effects. Similarly, after 
surgical treatment of the primary cancer and the identifica- 
tion of poor prognostic pathologic features, a recommen- 
dation could also be made to then formally proceed with 
surgical management of the neck with neck dissection. 
Results of this intervention can guide potential adjuvant 
treatment. This approach has the drawback of requiring 
two distinct anesthetic procedures. 

The most thorough and streamlined approach in 
patients with T1/T2 primary site cancers and the NO neck is 
to proceed with selective neck dissection at the same time 
as the primary surgical therapy. Results of the primary site 
pathologic assessment as well as the pathologic assessment 
of surgical basins at risk will then form the basis of adju- 
vant treatment planning. 

As a corollary to the positive experience with senti- 
nel lymph node biopsy techniques in the management 
of malignant melanoma, the use of radionucleotide- 
guided sentinel lymph node biopsy for T1 and T2 oral 
cavity carcinomas with an NO neck is currently under 
evaluation. Prospective studies have indicated a negative 
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predictive value in the 90% range utilizing radionucle- 
otide-guided sentinel lymph node biopsy techniques 
(79). These studies also indicate that the optimal utili- 
zation of the sentinel lymph node biopsying technique 
requires experienced operators to increase the negative 
predictive value. More intensive pathologic analysis is 
required including immunohistochemistry techniques 
not standardly utilized in the pathologic assessment 
of standard neck dissection specimens. Also of note, a 
greater accuracy has been shown when focusing on the 
oral tongue subsite as compared to other subsites within 
the oral cavity (80). Other accurate, but effort-intense 
means of assessing the NO neck include the use of ultra- 
sound-guided FNA, which has demonstrated a favorable 
experience in numerous European studies (43-45,81). 
Although ultrasound-guided FNA and a radionucleotide- 
guided sentinel lymph node biopsy demonstrate poten- 
tial benefit in selected cases, utilization of the selective 
neck dissection in T1 and T2 NO carcinomas of the oral 
cavity is recommended. 


Mandibular Involvement 


As discussed earlier in regards to preoperative imaging, 
tumors of the oral cavity should be assessed for mandibu- 
lar involvement both clinically and radiographically. The 
mandible may be either abutted or completely invaded 
by tumor, and anticipating mandibular involvement will 
help in both ablative and reconstructive planning. Two 
forms of mandibular resection are available. The mar- 
ginal mandibulectomy removes a portion of the mandibu- 
lar cortex but does not interrupt the continuity of the 
mandible nor significantly alter its function. The segmen- 
tal mandibulectomy involves the removal of an entire seg- 
ment of the mandible—through the entire cortex—and, 
by definition, interrupts the continuity of the mandible 
significantly affecting function. Reconstruction of mar- 
ginal mandibulectomy defects primarily involves soft 
tissue coverage, whereas reconstruction of the segmen- 
tal defect usually requires the restoration of mandibular 
continuity. Marginal mandibulectomy is considered for 
tumors abutting the periosteum or superficially involv- 
ing the alveolar mandible, whereas segmental resection 
is reserved for patients with clear bone involvement with 
significant cortical bone erosion and potential marrow 
involvement. The mandibular periosteum is thought to 
act as a barrier to tumor spread, and patients with micro- 
scopic disease may undergo marginal mandibulectomy 
of either cortex with preservation of at least 1 cm of 
alveolar height. Patients with invasion of the periosteum 
or superficial invasion of either cortex may also undergo 
marginal mandibulectomy without limitation in onco- 
logic control. In these cases, multiple studies have 
demonstrated no changes in locoregional control or 
disease-specific survival with marginal mandibulectomy 
over segmental mandibulectomy (82,83). Segmental 


mandibulectomy is reserved for patients with extensive 
mandibular destruction or bone marrow involvement. 
Intraoperative frozen sections of bone marrow or the 
inferior alveolar nerve may help intraoperative deci- 
sion making. Suspicion of significant bone involvement 
should expand preoperative planning—raising the con- 
sideration of necessary reconstructive options (84). 


Lip 

Cancers of the lip present more often on the lower lip than 
on the upper lip, most likely secondary to the increased 
sun exposure of the lower lip. The majority of lip lesions 
are SCCA, while basal cell carcinomas can also occur. 
The majority of patients present with early-stage primary 
tumors without cervical metastases, and surgery is the pre- 
ferred method of primary treatment (85). 

Reconstructive principles of the lip include cosmesis 
as well as maintaining oral competence. Reconstruction 
is based on the percentage and site of lip resection. In 
general terms, for defects less than 33%, a wedge excision 
and primary closure provide excellent results. For lesions 
involving a greater percentage of the lip length, a proce- 
dure mobilizing the available remaining lip is preferred. 
Options include the Abbe, Estlander, and Karapandzic 
flaps. Distinct advantages of the Karapandzic flap 
include the maintenance of lip sensation, mobility, and 
oral competence. Resultant microstomia needs to be 
carefully considered. Larger defects require utilization 
of nonlip tissue such as modified Webster flaps and the 
radial forearm free flap. The lower lip drains bilaterally, 
most commonly affecting the perifacial, submandibu- 
lar, and submental lymph nodes. Cancers of the upper 
lip and oral commissures are often more aggressive and 
confer a worse prognosis. Drainage patterns remain ipsi- 
lateral for upper lip carcinoma, and the cervical meta- 
static rate is slightly higher than for lower lip though the 
overall rate remains low. The 5-year survival for stage I 
and II lesions is 90%, and survival drops to 50% with 
the involvement of cervical lymph nodes (86). Further 
discussions of lip cancer and its management are pro- 
vided in Chapter 116. 


Alveolar Ridge 


The majority of primary alveolar ridge carcinomas occur 
in the mandible with the posterior body being most com- 
mon. Although SCCA are by far the most common, con- 
sideration to tumors of dental origin, osteosarcomas, and 
salivary gland cancers must be given. The prognosis of 
early-stage disease remains relatively favorable with 70% to 
80% survival, while prognosis significantly worsens with 
advancing stage based on size, bone invasion, and nodal 
metastases. Unimodality treatment for early-stage disease 
is primarily surgical with the consideration of adjuvant 
radiation therapy for advanced-stage disease. 


The surgical approach to resection of both upper and 
lower alveolar ridge carcinoma follows the same basic 
principles as outlined above in the section on mandibular 
involvement. Tumors with minimal bone disruption at the 
dental interface can be addressed with marginal resections 
and acceptable oncologic control. Potential contraindica- 
tions to marginal mandibulectomy include previous loss of 
alveolar height, radiographic evidence of marrow involve- 
ment, intraoperative evidence of deep bone erosion, and 
previous radiation therapy. Intraoperative assessment is crit- 
ical in the treatment of these lesions, and evidence of disease 
that is more advanced than previously appreciated needs 
to be addressed with appropriate expansion of the ablative 
procedure. For lesions with significant erosion and bone 
involvement, en bloc removal of the affected segment with 
maxillectomy for upper alveolar ridge lesions and segmental 
mandibulectomy for mandibular lesions is recommended. 

Reconstruction will be dictated by the specifics for the 
surgical defects. Limited upper and lower alveolar ridge 
resection can be allowed to heal secondarily or augmented 
with intraoral local flaps. Larger upper alveolar ridge lesion 
will result in connection to the sinonasal tract and are most 
often addressed with obturating prostheses. Soft tissue and 
bone containing free flaps are effective and necessary for 
large upper alveolar ridge defects. 

The marginal mandibular defect will often require 
intraoral soft tissue coverage, and skin flaps such as the 
submental and radial forearm free flap are effective in 
achieving coverage without compromising oral function. 
Segmental mandibular defects provide a greater challenge. 
Reconstructive options are many and are determined by 
the location of the bone deficit and the associated soft tis- 
sue defect. The lateral defect can be addressed with a large 
soft tissue flap, such as the pectoralis major flap, without 
restoring mandibular continuity. This will result in mal- 
occlusion and mandibular shift but can be appropriate in 
select cases. Attempts to restore continuity of the mandible 
are the standard. This can be achieved with an appropri- 
ately sized reconstruction plate and soft tissue coverage 
that can include regional flap and free tissue transfer. Risks 
include potential plate fracture and plate exposure. The res- 
toration of mandibular continuity with vascularized bone 
is the gold standard for segmental mandible reconstruction 
(87). Although optional in the lateral defect, vascularized 
bone is mandatory for the anterior defect as synthetic pros- 
theses will uniformly erode secondary to tissue contracture. 
The fibula osseocutaneous flap in the most commonly 
used free flap for mandibular reconstruction secondary to 
numerous favorable qualities. Other options include the 
scapular osseocutaneous flap, the iliac crest osseomyocu- 
taneous flap, and the radial forearm osseocutaneous flap. 


Floor of Mouth 


More than one-third of patients with floor of mouth 
cancer present with advanced T-stage disease, and nearly 
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40% of patients have clinically positive regional metasta- 
ses (88,89). For T, tumors, the rate of occult metastasis is 
21%, and it is 62% for T, tumors (89). Early in the dis- 
ease process, cancer of the floor of mouth is often asymp- 
tomatic, with pain, bleeding, and submandibular duct 
obstruction more common as tumor size progresses. The 
floor of mouth musculature, specifically the mylohyoid 
muscle, as well as the mandibular periosteum may act as 
barriers to tumor spread, though when involved by tumor 
require comprehensive clearance. Many patients require 
either marginal or segmental mandibulectomy for small, 
but invasive lesions. Involvement of the ventral aspect of 
the tongue may require partial glossectomy. Such tumors 
can also readily involve the root of the tongue necessitating 
significant resection into the tongue base, which can place 
the neurovascular pedicles of the tongue at risk. Invasion 
through the submandibular duct is best treated with resec- 
tion of the submandibular gland and sublingual glands 
with the primary specimen. 

Mucosal lesions sparing the mandible are optimally 
managed with transoral surgical resection. Anterior defects 
larger than 2 cm have the potential to tether the ventral 
aspect of the tongue, and formal reconstruction should be 
considered. For smaller mucosal lesions, a split-thickness 
skin graft may be used with the application of a bolster 
dressing. For larger lesions, tissue flap reconstruction may 
be required. Multiple pedicled flap options are available 
including the submental flap, the nasolabial flap, and the 
platysma flap. The myocutaneous pectoralis flap may be 
used, although it can be somewhat bulky. For larger defects 
requiring vascularized tissue reconstructions, microvascu- 
lar free flaps are the superior choice with the radial fore- 
arm free flap offering the greatest coverage and flexibility 
for large mucosal defects, although the perforator anterior 
lateral thigh flap is another excellent option. 

As discussed above, partial mandibulectomy does not 
compromise oncologic control. Required marginal man- 
dibulectomy may involve the lingual cortex or the alveolar 
ridge, as dictated by the disease location. Care must be taken 
to leave the outer cortex or 1 cm of inferior cortex respec- 
tively for such marginal bone resections. Segmental man- 
dibulectomy is reserved for patients with gross destruction 
of the mandible seen on clinical or radiographic examina- 
tion (82,83). Mucosal defects with a marginal mandibulec- 
tomy may be reconstructed with appropriate tissue flaps as 
discussed above. Segmental mandibulectomy defects may 
be left unreconstructed if lateral, but usually an effort is 
made to restore continuity. Lateral defects can be recon- 
structed with a reconstruction bar and soft tissue flap, but 
do benefit from the use of vascularized osseocutaneous 
flaps such from the fibula, radius, scapular and iliac crest. 
Microvascular free flap reconstruction is mandatory for 
anterior defects as alloplastic techniques will break down 
and extrude. 

The floor of mouth drains directly to the submen- 
tal and submandibular lymph node basins, with the 
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submandibular lymph nodes the most frequently involved. 
Bilateral neck disease should be addressed at the time of 
primary resection, as cervical metastatic disease confers 
a grim prognosis with poor rates of surgical salvage. The 
5-year survival rates for floor of mouth carcinoma are 90%, 
80%, 65%, and 30% for stages I to IV disease respectively 
(88,90). 


Oral Tongue 


Though early T-stage tumors of the oral tongue have 
equivalent survival rates when treated with surgery or 
radiation, surgical treatment is preferred to avoid the 
acute and late side effects of radiation (91,92). Another 
drawback of radiation is the prolonged treatment course 
and recovery period. The majority of tongue cancers will 
present on the lateral border of the tongue, and patients 
have minimal symptoms. Dorsal tongue cancer is rare, 
representing 3% to 5% of oral tongue cancers, but can 
have significant delay in diagnosis because of the unusual 
location (93). Recent reviews of the SEER database 
revealed that early-stage oral tongue carcinoma confers 
a poorer prognosis than carcinoma of other sites of the 
oral cavity. Five-year overall survival rates from the dataset 
for oral tongue cancers revealed 67% and 51% for stage | 
and stage II tumors, respectively (94), whereas other oral 
cavity subsites reviewed in the same series noted disease- 
specific 5-year survival rates at 94% and 85% for stage I 
and stage II disease, respectively. Yet, other studies reveal 
a less dramatic difference while reiterating the negative 
effect of advanced disease stage on the survival statistics 
for oral tongue cancer, with overall 5-year survival of 75% 
for stage I or II tumors, and 40% for stage II or IV tumors 
(95,96). 

Standard surgical management of oral cavity cancers 
includes a partial glossectomy with at least 1-cm mar- 
gins. As both specimen shrinkage and muscle distortion 
after resection may alter incised planes, margin status at 
the mucosal level and along the deep tongue muscula- 
ture must be assessed with caution. Intraoperative frozen 
sections can be utilized to confirm clear margins around 
the tumor, and are best taken from the patient along the 
resected mucosal and muscular borders. Means of resection 
can affect margin assessment. Animal studies demonstrate 
that the use of scalpel will give the most representative 
tissue margin and the other techniques, such as electro- 
cautery and ultrasonic device will have varying degrees of 
tissue disruption affecting margin assessment (97). Due to 
the difficult nature of assessing muscle margins, postop- 
erative radiation may be considered in patients with initial 
positive surgical margins, despite further resection to clear 
margins (98). 

Once complete surgical resection of the tumor has 
been achieved, attention can be focused on appropri- 
ate reconstructive efforts. The primary goal of tongue 


reconstruction is to limit tongue tethering and any other 
restraints on mobility that would significantly affect 
speech and swallow function. Partial glossectomy defects 
including less than one-third of the tongue may heal by 
secondary intention, or a split-thickness skin graft may 
be used for limited extension along the floor of mouth to 
decrease tongue tethering. For larger defects of the tongue 
or floor of mouth, multiple reconstructive options may be 
explored. In addition to maximizing mobility, reconstruc- 
tive efforts should include augmenting tongue volume 
as needed. Increasing tongue volume, while maintain- 
ing mobility in reconstructing the tongue defect, helps in 
secretion management, transfer of the food bolus poste- 
riorly, and articulation. Maintaining premaxillary contact 
and palatal contact aids in speech production, while hav- 
ing full excursion past the alveolar ridge aids in the clear- 
ing of secretions (99). Fasciocutaneous free flaps such as 
the radial forearm or anterolateral thigh flap offer ade- 
quate tissue for larger partial glossectomy reconstruction, 
with or without a floor of mouth component. A compara- 
tive study of the submental flap and the radial forearm 
flap used to reconstruct partial glossectomy defects dem- 
onstrated equivalent speech and swallow results, while 
patients receiving a submental flap had decreased opera- 
tive time and hospitalization (100). 

For advanced disease, multimodality treatment is 
required. Surgery followed by either radiation or chemo- 
radiation has better disease control than either surgery or 
radiation alone (95,101). Postoperative radiation therapy 
has been shown to increase locoregional control rates, 
with a positive surgical margin the only factor predictive 
of recurrence, though the majority of patients in this study 
recurred within 2 years (95). 


Hard Palate 


SCCA makes up the vast majority of oral cavity cancers, 
but the hard palate has equal incidence of minor salivary 
gland tumors. In one series, SCCA represented only 50% 
of cancers originating in the hard palate (102). Other 
tumors include adenoid cystic carcinoma, polymorphous 
low-grade adenocarcinoma, adenocarcinoma, and muco- 
epidermoid carcinoma (103). Early lesions of any pathol- 
ogy of the hard palate most often involve the underlying 
bone, and are therefore best treated with primary surgical 
therapy (104). 

Transoral resection of the tumor may include an alveo- 
lectomy or inferior maxillectomy in addition to palatec- 
tomy (105). Because of the dense innervation of the hard 
palate and the foramina through which the nerves run, 
consideration must be given to perineural spread of dis- 
ease and direct extension via the foramina. Adequate mar- 
gin assessment of these regions is required. 

Reconstruction of oroantral fistulae may be accom- 
plished by intraoperative placement of palatal prosthesis 


after packing the remaining maxillary sinus. The prosthesis 
and packing is removed in clinic, and a more long-term 
prosthesis fitted. For larger defects, or defects involving 
the premaxilla, free tissue transfer is indicated and offers 
the benefit of providing stable projection in this region. 
Reconstruction of the premaxilla maintains facial contour 
and prevents erosion of the prosthesis through the upper 
lip. Often, a combination of a free flap with a prosthesis 
offers the best cosmetic and functional result for hard pal- 
ate defects (106). 

The hard palate drains to level I and level Il lymph 
nodes but also may involve retropharyngeal and perifacial 
nodes. Historically, the rate of occult cervical metastatic 
disease has been considered low, and routine elective neck 
dissections have not been recommended (102,107). More 
recently, however, studies have indicated higher occult rates 
than previously thought, from 27% to 30%, with variable 
rates of surgical salvage for regionally recurrent disease 
(108,109). Regional failure was associated with increasing 
T classification, which also was an independent predictor 
of recurrence-free survival on multivariable analysis (109). 
Elective treatment of the neck with either surgery or radia- 
tion is therefore recommended (108,109). 


Retromolar Trigone 


Cancer of the RMT is often diagnosed at a later stage than 
other oral cavity tumors, due to both a difficult clini- 
cal examination of the site and its close proximity to the 
mandible. Again SCCA is the most common pathology, 
but salivary gland malignancies require consideration. The 
mucosa of the RMT directly abuts the periosteum of the 
mandible, and mandibular invasion occurs in up to 50% 
of tumors on initial diagnosis (59). Because of the critical 
anatomic location, this can occur even with small tumors. 
Trismus indicates involvement of the pterygoid muscula- 
ture, and extension to the tonsillar pillars, soft palate, and 
base of tongue is common. 

A transoral surgical approach is appropriate for many 
tumors of the RMT if adequate visualization and access 
for instrumentation is available. In cases where this is not 
achievable, the combined use of a transcervical visor flap 
or cheek flap will be helpful and may be required if there 
is significant extension to multiple subsites or with large 
tumors. Patients requiring segmental mandibulectomy will 
require a transcervical approach for extirpative and recon- 
structive access. Small defects may be closed primarily, left 
to heal by secondary intention, or reconstructed with a 
pedicled buccal fat graft. Larger mucosal defects or defects 
including a marginal mandibulectomy benefit from free 
tissue transfer technique providing adequate, pliable lin- 
ing such as the radial forearm free flap. Defects including 
a segmental mandibulectomy benefit from restoration of 
mandibular continuity by reconstruction with osseocuta- 
neous free flaps. 
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The RMT drains to lymph nodes in levels IJ and III. As 
RMT tumors usually present with advanced stage, elective 
neck dissection should be performed in any patient under- 
going transcervical approach for primary tumor resection, 
regardless of clinical nodal stage. Patients with clinically 
positive disease should be managed with a therapeutic 
neck dissection followed by radiation therapy. Overall sur- 
vival decreases with N stage, with a 69% 5-year survival in 
patients with N, disease, 56% for N,, and a 26% survival 
rate for those with N, disease (60). 


Buccal Mucosa 


SCCA of the buccal mucosa represents 5% to 10% of oral 
cavity cancers in the United States (110), though in India 
it accounts for over 40% due to betel nut use (20). Buccal 
cancer often presents as advanced-stage disease, as there is 
no lateral anatomic barrier to spread. The buccal fat pad 
and musculature are easily invaded by carcinoma, and 
facial paralysis, skin invasion, and trismus are not unusual 
in primary presentation. 

Surgery is the treatment of choice for buccal cancer, 
most often through transoral excision (111). Larger lesions 
may require a combined oral and transcervical approach. 
The addition of a lip splitting incision can add critical 
access to visualization and surgical resection of this region. 
For smaller lesions, primary closure or skin grafting may 
be considered. For larger lesions, soft tissue reconstruc- 
tion with pedicled regional flaps such the submental flap 
or temporoparietal fascial flap or fasciocutaneous free flaps 
may be required to avoid contracture and trismus. The 
risk of cervical metastatic disease is related to both T stage 
and the depth of invasion of the primary tumor. Advanced 
T stage II and IV and invasion greater than 5 mm has been 
associated with increased risk of cervical metastatic spread, 
and elective neck dissection for those with clinically nega- 
tive lymph node basins should be considered (112). 

Buccal carcinoma can bestow a grave prognosis, with 
some evidence that it is worse than other sites of the oral 
cavity (111). For patients with unresectable disease, pri- 
mary chemoradiation therapy may be considered, though 
patients treated with radiation alone have high recurrence 
rates and decreased overall survival (113,114). 


COMPLICATIONS 


Complications from treatment of oral cavity neoplasms 
depend on not only the type of treatment but the extent 
and location of the original lesion. Acute complications 
due to treatment effects are usually managed without treat- 
ment breaks, but complications may continue to arise 
many years after treatment has finished. 

Radiation to the oral cavity has close proximity to the 
salivary tissues and the mandible, and thus treatment 
is wrought with acute and long-term complications. 
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Universally, patients develop superficial burns to the skin 
and the mucous membranes during treatment, which 
may persist for weeks after treatment has completed. 
Mucositis is very painful and may become suprainfected 
with bacteria or fungus (115). Mouthwash with a mixture 
of lidocaine and an antifungal may provide some relief, 
and many patients benefit from enteral nutrition via 
nasogastric or gastric tube. After treatment, many patients 
are permanently left with xerostomia and dysgeusia 
(116). While not painful, the decreased saliva production 
and altered taste leaves eating difficult and less enjoy- 
able. Tooth decay results from decreased saliva produc- 
tion, and impeccable dental hygiene is essential (117). 
Though the introduction of IMRT and salivary-sparing 
techniques have relieved the severity of xerostomia (118), 
the problem still exists, especially for those with tumors 
located in the floor of mouth with close proximity to the 
submandibular glands. Mastication can also be signifi- 
cantly affected, especially when combined with surgery 
(119). Other late complications of radiation include soft 
tissue radionecrosis and osteoradionecrosis of the man- 
dible. Soft tissue necrosis presents as a nonhealing ulcer, 
and biopsies must be taken to exclude the possibility of 
recurrent cancer. Osteoradionecrosis presents as bone 
loss and mandibular exposure, either intraorally or exter- 
nally through the skin. This is often precipitated by dental 
trauma, underscoring the need for extensive pretreat- 
ment evaluation by a dentist. Exposed mandible often 
becomes infected and results in an orocutaneous fistula. 
Treatment with antibiotics, conservative sequestrectomy, 
and hyperbaric oxygen may help early lesions (120). 
Pathologic fractures due to radiation damage, or osteo- 
radionecrosis not helped by other measures, benefit from 
free tissue transfer of bone. Microvascular reconstruction 
replaces necrotic tissue and reestablishes blood flow to 
the hypoxic bed. 

Surgical complications are varied and depend on 
the extent of the tumor resection and reconstruction 
(Table 119.5). Due to the causative effects of oral cavity 
cancer, most patients present with numerous comorbid 
states, placing them at increased surgical risk. Patients with 
head and neck cancer are at increased risk for postoperative 
pulmonary embolism, cardiac complications, delirium tre- 
mens, and aspiration pneumonia (121,122). Careful pre- 
operative optimization of other medical problems helps 
minimize intra- and postoperative medical complications. 

Airway management must remain a priority. The most 
drastic and emergent complication of oral cavity cancer 
and its treatment is acute airway obstruction. This may 
evolve from increasing mass or edema from the tumor 
itself obstructing the oral cavity. Less commonly, pri- 
mary radiation may result in tissue edema causing acute 
airway obstruction before treatment. Postoperatively, tis- 
sue swelling or hematoma formation may occlude the 
airway, and patients undergoing extensive surgical resec- 
tion and reconstruction may require a tracheotomy or 


SURGICAL COMPLICATIONS 


TABLE RELATED THE TREATMENT OF 
119.5 BR ORAL CAVITY CANCER AND 
MANAGEMENT 


Airway obstruction: prophylactic or emergent tracheotomy 
Postoperative hemorrhage: secure airway, cardiopulmonary 
stabilization, operative or interventional radiology control 
Postoperative fistula: local wound care with salivary diversion from 
vascular structures 
Prevent great vessel compromise with appropriate vascularized 
flap coverage if warranted 
Secondary wound closure with appropriate flap reconstruction 
Graft compromise or loss 
Split thickness skin flap: debride and allow secondary intention 
Pedicled or free flap compromise 
Explore and assess pedicle integrity, if hematoma or 
seroma—drain, if vessel compromise—revise 
If partial loss—debride, if complete loss—remove and revise 
with second flap 
Final margins return positive: Re-resect is possible, consider 
adjuvant treatment 


prolonged intubation to avoid airway difficulty. Though 
rare, this devastating complication may be prevented. 
Thorough evaluation of the patient’s airway at the time 
of presentation and at every subsequent interaction 
either in clinic appointments or in the pre- or postopera- 
tive setting will alert the clinician to impending airway 
obstruction. Signs such as tachypnea, drooling, inabil- 
ity to lie flat, stridor, anxiety or the sense of impending 
doom all may indicate an airway problem. Desaturation 
seen on pulse oximetry is a late finding necessitating 
immediate intervention. For prevention and treatment 
of all airway obstruction, tracheostomy is the treatment 
of choice. 

Immediate postoperative surgical complications such 
as bleeding or hematoma formation warrant immediate 
intervention in the operating room. Further postopera- 
tive complications include many related to wound heal- 
ing problems, especially for patients with poor nutritive 
status, or those who have been previously treated with 
radiation. Wound breakdown may occur along the recon- 
structed areas or neck flaps. Salivary contamination, 
wound infections, and fistulae can occur with varying fre- 
quency and may be managed conservatively with metic- 
ulous wound dressings and antibiotics. Optimization 
of thyroid function, nutrition status, and blood glucose 
levels provides significant benefit. Neck wounds with 
potential great vessel exposure require tissue coverage 
with either a local or a free flap, and surgical diversion 
of salivary contaminants to aid in healing and to prevent 
carotid rupture. 

Late surgical complications may involve both the soft 
tissue and the bone involved in the resection and recon- 
struction. Soft tissue loss due to graft loss or inadequate 


graft volume may result in tethering of the tongue or oral 
commissure. Recent studies indicate significant decrease 
in mastication function after treatment of oral cavity can- 
cer. In addition to osteoradionecrosis discussed above, 
surgical complications of the bone may also occur. In 
patients who have undergone marginal mandibulec- 
tomy, at least 1 cm of height should be left to prevent 
pathologic fracture (123). Despite these guidelines, 
some patients go on to develop fractures, especially in 
the setting of previous radiation treatment. A midline 
mandibulectomy for access will predispose the patient to 
nonunion, causing infection, pain, and possibly an oro- 
cutaneous fistula. 


FUTURE DIRECTIONS 


Despite decades of research on head and neck cancer, 
the overall mortality for oral cavity cancer remains high, 
without significant improvement. Patients with clinically 
similar disease may have variable response to treatment, 
and specific outcomes can be difficult to assess. The current 
staging system based on clinically obtainable data may not 
be predictive of outcome for all patients, as oral cavity can- 
cer proves itself a heterogeneous disease. 

Surgery remains the mainstay of treatment for oral 
cavity cancer, and there have been many additions to the 
extirpative arsenal in the hopes to make surgical ablation 
faster, more accurate, and with less blood loss. Most sur- 
geons prefer electrocautery over cold techniques for abla- 
tion, though this may affect the examination of surgical 
margins. The addition of the ultrasound scalpel in tongue 
ablations may help minimize surgical distortion while 
maintaining hemostasis (97). Some surgeons use the laser 
or the surgical robot to help ablative visualization, though 
this may be more useful in oropharyngeal primaries with 
less surgical access than the oral cavity. Though industry 
will no doubt provide further technology with which to 
ablate, it is unclear whether these tools will provide drastic 
improvement over the scalpel. 

Over the past 30 years, the single most important surgi- 
cal advancement in the treatment of oral cavity cancer has 
been the addition of free tissue transfer. For large ablative 
defects, a free flap affords the patient increased speech and 
swallow function and without the donor site morbidity of 
a pectoralis major flap. Further advances in technique and 
critical examination of function will likely elucidate addi- 
tional surgical measures important in maintaining oral 
function. 

Quite possibly, however, the greatest advancements in 
overall cancer survival may come from greater precision in 
selecting patients who will benefit from adjuvant postop- 
erative treatment. As we continue to learn about individual 
tumor biology, it is becoming clear that biomarkers will 
play an increasingly important role in prognosis and treat- 
ment of oral cavity cancer. Multiple prognostic biomark- 
ers have been identified to date: some predicting overall 
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survival, others predicting lymph node or distant meta- 
static disease (124). Further research will hopefully illu- 
minate biomarker profiles indicating not only prognostic 
information but also specific sensitivity to various treat- 
ments (125). As an early example, some centers use epi- 
dermal growth factor receptor expression as a contributing 
factor in the decision to add adjuvant treatment. As we gain 
more information of biomarkers and their importance, we 
hope to individualize treatment, with the molecular profile 
of any specific tumor dictating treatment decision trees. 

Fortunately, the rates of oral cavity cancer are relatively 
rare in comparison to other solid tumors. This does, how- 
ever, make large clinical studies difficult. The vast majority 
of current oral cavity cancer research comes from single- 
institution, retrospective studies. While useful, these stud- 
ies do not provide the level-1 evidence needed for sweeping 
changes in clinical practice, and result in inter- and even 
intrainstitutional variation in treatment. Powering large 
prospective studies to answer clinically relevant questions 
will require standardization of protocols and multicenter 
involvement. 


= In the United States, oral cancer is the most com- 
mon of the head and neck sites involved by cancer. 

m= Tobacco and alcohol use remain the carcinogens 
most commonly linked to oral cancer. 

m= Cervical metastases are frequently associated with 
oral cancer. 

m= PET/CT may be indicated to complete staging for 
patients with advanced tumors. 

m Surgery remains the mainstay of therapy for early 
cancer. 

m= Adjuvant chemoradiotherapy is 
advanced cancer after resection. 


indicated for 
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Nasopharyngeal 
Carcinoma 


William Ignace Wei 


Anatomically, the nasopharynx is situated behind the pos- 
terior choanae and is continuous with the posterior aspect 
of the nasal cavities. Inferiorly, it is separated from the 
oropharynx by the soft palate and it is the air passage dur- 
ing breathing. Because of its bony framework, it remains 
patent under normal circumstances. Nasopharyngeal car- 
cinoma (NPC) is a squamous cell carcinoma (SCC) aris- 
ing from the epithelial lining of the nasopharynx. This 
neoplasm may arise from any site in the nasopharynx and 
is more frequently seen at the lateral wall, from the fossa 
of Rosenmiiller, the recess located medial to the medial 
crura of the opening of the auditory tympanic tube or the 
Eustachian tube. 

A group of 14 patients suffering from this malignancy 
was first reported in the English literature in 1901 (1). The 
first comprehensive series reporting clinicopathologic fea- 
tures of 114 patients suffering from NPC in Hong Kong was 
published in 1941 (2). 

NPC is a relatively uncommon malignant disease in 
most countries with its age-adjusted incidence being less 
than 1 per 100,000 (3). It constitutes 0.7% of all cancers, 
and is rated the 23rd common new cancer in the world 
(4). It occurs frequently in the Inuits of Alaska (5) and 
ethnic Chinese in Southern part of China, especially from 
the province of Guangdong. The recent reported inci- 
dence of NPC among men and women in Hong Kong, 
in the southern part of the Guangdong province, was 
17.8 per 100,000 and 6.7 per 100,000, respectively (3). 
A range of intermediate rates are observed in populations 
of North Africa (6) and the Middle East (7). The inci- 
dence of NPC remains high among those Chinese who 
have immigrated to Southeast Asia countries or North 
America, but is low among those Chinese born in North 
America (8,9). This suggests that genetic, ethnic, and 
environmental factors may play a role in the etiology of 
the disease. 


Daniel T. T. Chua 


One of the etiologic factors of NPC frequently referred 
to is the consumption of salted fish. This may be related to 
the carcinogenic compound, nitrosamine, detected on the 
salted fish (10). A case-control study has shown that weekly 
consumption of salted fish before 10 years of age is associ- 
ated with a threefold increased risk of developing NPC (11). 
The consumption of salted fish at childhood rather than 
adulthood contributes to the increased incidence (12). The 
Epstein-Barr virus (EBV) has also been considered to play an 
oncogenic role in this tumor, as the EBV genome is frequently 
detected in the biopsy specimens of NPC (13). Additionally, 
patients suffering from NPC also have higher EBV antibody 
titers than controls, especially the IgA antibodies to viral cap- 
sid antigen (VCA) and early antigen (EA) (14,15). 

In view of the ubiquitous presence of this virus in the 
human population, it is unlikely that EBV is the only caus- 
ative agent of NPC. In the first-degree relatives of patients 
suffering from NPC, their incidence of developing this 
malignancy is 4 to 10 times higher than controls (16). This 
suggests that genetic factor might have an important role in 
the etiology of NPC. Comparative genomic hybridization 
studies have demonstrated several genomic spots where 
chromosomal losses and gains were identified in NPC 
(17). These losses on chromosomes 3p, 9p, 11q, 13q, and 
14q suggested that tumor suppressor genes at these loci 
might be involved in NPC development (18,19). 


The malignant epithelial cells of NPC are large polygonal 
cells with a syncytial character. Their nuclei are round or 
oval with scanty chromatin and distinct nucleoli. The cells 
are frequently intermingled with lymphoid cells in the 
nasopharynx, giving rise to the term lymphoepithelioma 
(20). Electron microscopy studies have confirmed the squa- 
mous origin of these cells including those undifferentiated 
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carcinoma that are a form of epidermoid SCC with mini- 
mal differentiation (21). 

The histologic classification of NPC proposed by the 
World Health Organization (WHO) (22) in 1978 catego- 
rized tumors into three groups: 


1. Type I included those typical keratinizing SCCs with 
intercellular bridges, similar to those found in the rest 
of the upper aerodigestive tract (Fig. 120.1). 

2. Type IU included nonkeratinizing epidermoid carcino- 
mas. They showed evidence of maturation but without 
definite squamous differentiation (Fig. 120.2). 

3. Type Il included undifferentiated carcinomas or poorly 
differentiated carcinoma. These cells have indistinct cell 
margins with hyperchromatic nuclei (Fig. 120.3). 


In North America, around 25% of patients have tumor with 
Type I histology, 12% with Type II, and 63% with Type III. 
The corresponding histologic distribution in southern 
Chinese patients is 3%, 2%, and 95%, respectively (23). 

An alternative classification divided tumors into two 
histologic types, namely, SCCs and undifferentiated carci- 
nomas of the nasopharyngeal type (UCNTs) (24). This sec- 
ond classification took into consideration the correlation 
of the tumor with EBV serology. Patients with SCCs have 
a lower EBV titer, while those with UCNTs have elevated 
titers. 

On clinical grounds, biopsies obtained from patients 
suffering from NPC sometimes show a mixed histologic 
pattern. The recent WHO classification has taken this 
mixed pattern into account as well as the association of 
the EBV with Type HI and III tumors. The histologic types 
of NPC are classified into two groups; the first group 
comprises the SCCs or nonkeratinizing carcinomas, and 
the second group is subdivided into differentiated and 


Figure 120.1 SCC of the nasopharynx. The tumor cells are large 
with eosinophilic cytoplasm and show features of keratinization 
(hematoxylin and eosin x400). 


Figure 120.2 Nonkeratinizing differentiated carcinoma of the 
nasopharynx. The tumor cells have a papillary configuration and the 
cells appear more hyperchromatic than the undifferentiated carci- 
noma. The nuclei at the periphery show palisading (hematoxylin 
and eosin x400). 


undifferentiated carcinomas (25). This new classification 
has also been shown to have a prognostic bearing; the 
undifferentiated carcinomas have a higher local tumor 
control rate with radiotherapy (RT) and a higher incidence 
of distant metastasis (26,27). 


CLINICAL PRESENTATIONS 


Comparing with other head and neck cancers, NPC affects 
relatively younger age group of patients (28). Patients suf- 
fering from NPC may present with one or more of the 
four groups of symptoms. These groups of symptoms are 


Figure 120.3 Undifferentiated carcinoma of the nasopharynx. 
Tumor cells are typically composed of nests or islands of pleomorphic 
polygonal cells with large vesicular nuclei and prominent nucleoli. 
The tumor nests are often surrounded by a lymphoid stroma, which 
is part of the nasopharyngeal stroma (hematoxylin and eosin x400). 


related to the location of the primary tumor, infiltration of 
structures in the vicinity of the nasopharynx, or metastasis 
to cervical lymph nodes. 

The presence of tumor mass in the nasopharynx may 
lead to the symptoms of nasal obstruction and discharge. 
With a small tumor, the obstruction is unilateral and with 
tumor growth the symptoms may become bilateral. When 
the tumor ulcerates, the patient may present with epistaxis. 
The amount of bleeding is usually trivial and the frequent 
presentation is the presence of altered blood in the postna- 
sal drip, especially in the morning. 

The tumor bulk in the nasopharynx with or without 
posterolateral extension into the paranasopharyngeal 
space is frequently associated with dysfunction of the 
Eustachian tube. This may lead to the collection of fluid 
in the middle ear and the patients may experience uni- 
lateral deafness that is conductive in nature and other 
otologic symptoms such as otalgia and tinnitus. When a 
Chinese adult patient presents with serous otitis media, 
the otolaryngologist should consider the possibility of 
NPC (29). 

When the primary tumor grows superiorly to infiltrate 
the skull base, the patient experiences headache. When the 


Figure 120.4 Clinical photograph showing a patient with par- 
alyzed right eye lateral rectus muscle due to involvement of the 
right abducent nerve by NPC. 
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upward extension of tumor affects the cavernous sinus and 
its lateral wall, cranial nerves III, IV, and VI may be affected 
and the patient will present with diplopia (Fig. 120.4). 
When the tumor extends to involve the foramen ovale, 
the cranial nerve V may be affected (30) and there may be 
facial pain and numbness. Cranial nerve involvement in 
patients suffering from NPC is in the region of 13% (31) to 
30% (32) depending on the stage of the disease. 

In view of the high propensity of NPC to metastasize to 
cervical lymph nodes, the most frequent presenting symp- 
tom is painless neck masses, frequently appearing in the 
upper neck (Figs. 120.5 and 120.6). As the nasopharynx 
is a midline structure, it is not uncommon to see patients 
presenting with bilateral cervical lymph nodes. 

Patients presenting with symptoms related to distant 
metastasis are relatively uncommon in NPC. Common dis- 
tant metastatic sites are the vertebra, liver and lung. 

Unfortunately, because of the nonspecific nature of the 
nasal and aural symptoms and the inconspicuous nature 
of the painless cervical lymph node, the majority of NPC 
patients are only diagnosed when their tumor have reached 
advanced stages. A retrospective analysis of 4,768 patients 
showed that the symptoms at presentation were neck mass 


Figure 120.5 Clinical photograph showing a patient with an 
enlarged upper cervical lymph node (lateral view). 
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Figure 120.6 Clinical photograph of the same patient showing 
enlarged upper cervical lymph node (anterolateral view). 


in 76%, nasal symptoms in 73%, aural symptoms in 62%, 
and cranial nerve palsy in 20% of patients (33). In most 
reports, the male-to-female ratio was 3:1, and the median 
age was 50 years. 


DIAGNOSIS 


When patients present with symptoms of NPC, they should 
be evaluated clinically for physical signs of NPC such as the 
presence of lymph nodes in the neck, fluid in the middle 
ear, and cranial nerve involvement. Indirect examination 
of the postnasal space should be carried out with a mir- 
ror although, in some patients, the anatomical variation of 
the nasopharynx precludes an adequate evaluation of the 
region. Other investigations toward the diagnosis of NPC 
are the estimation of antibody levels against EBV, imaging 
studies and endoscopic examination of the nasopharynx, 
and biopsy. 


SEROLOGY 


EBV affects human in various forms. It may cause infec- 
tious mononucleosis and has also been found to be asso- 
ciated with Burkitt lymphoma and NPC. EBV belongs to 
the herpes virus family, and the EBV-specific antigens can 
be grouped into early replicative antigens, latent-phase 
antigens, and late antigens. In patients suffering from 
NPC, their antibody, immunoglobulin A (IgA), response 
to the EA of the first group, and the VCA of the third group 
have been shown to be of diagnostic value (34). When 
a spectrum of antibodies against one of the latent-phase 
antigens, the EBV-associated nuclear antigen (EBNA), was 
evaluated, both the specificity and sensitivity of the test 
exceed 92% (35). 

Most of the studies on the EBV serology for early diag- 
nosis of NPC were carried out in the 1980s. In a recent 
meta-analysis on 20 these types of studies showed that 
IgA anti-VCA when elevated has a sensitivity of 91% and 


specificity of 92% in the diagnosis of NPC (36). A recent 
report from Taiwan studied 9,699 men, who had a one-off 
blood sample for their EBV serology, and this was subse- 
quently correlated with the cancer registry and death reg- 
istry over a 15-year period. Those with elevated anti-EBV 
titers have a 30 times more chance of developing NPC 
(15). The level of IgA anti-VCA in monitoring tumor 
response to treatment and in the detection of recurrence 
has not been established. 

In recent years, cell-free DNA of the EBV in NPC 
patients was detected by real-time quantitative PCR, and 
it has been evaluated as a tumor marker (37). Increased 
copies of EBV DNA were found in the blood during the 
initial phase of RT as the viral DNA was released into the 
circulation after cell death (38). This has been shown 
to be more sensitive than the antibody titers against the 
various EBV antigens in the diagnosis of NPC (39). The 
quantity of free plasma EBV DNA has been shown relating 
to the stage of disease (40), and it is reliable in detecting 
distant metastases (41). The quantities of EBV DNA cop- 
ies detected before and after treatment were significantly 
related to the rates of overall and disease-free survival 
(42). It has also been used to monitor recurrent disease 
following treatment (43); however, elevated levels of EBV 
DNA were only detected in 67% of patients with small 
locoregional recurrence (44). 


IMAGING STUDIES 


Clinical examination together with endoscopic exami- 
nation can provide valuable information on tumor 
extension on the mucosal surface in nasopharynx. 
This procedure cannot determine the third dimension 
of tumor growth, that is, its deep extension and this 
includes skull base erosion and intracranial spread. This 
information is provided by cross-sectional imaging stud- 
ies (45). These investigations are essential to document 
the extent of disease in the nasopharynx and its involve- 
ment of surrounding tissue. They are mandatory for the 
planning of RT. 

Computed tomography (CT) can demonstrate the soft 
tissue extension in the nasopharynx and laterally into the 
paranasopharyngeal space (Fig. 120.7). It is sensitive in 
detecting bone erosion especially that of the skull base 
(46) (Fig. 120.7). Intracranial tumor extension through 
the foramen ovale with perineural spread can also be 
detected and this provides evidence of cavernous sinus 
involvement without skull base erosion (47). The infor- 
mation provided through CT is important for staging 
and also the choice of therapeutic measures for some 
patients (48). CT is capable of showing bone regenera- 
tion after therapy and this indicates complete eradication 
of tumor (49). CT, however, in general has poor tumor 
enhancement and in contrast magnetic resonance imag- 
ing (MRI) has better soft tissue specificity. Besides its abil- 
ity to provide multiplanar imaging abilities (Fig. 120.8), 
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MRI is better than CT in the differentiation of tumor 
from soft tissue inflammation, especially in the paranasal 
sinuses (Fig. 120.9). MRI is also more sensitive at evalu- 
ating retropharyngeal and deep cervical nodal metasta- 
ses (Figs. 120.10 and 120.11). MRI is able to detect bone 
marrow infiltration by tumors (50), while CT can only 
detect this kind of infiltration when there is associated 
bony erosion. MRI, however, is unable to evaluate details 
of bone erosion. 


Figure 120.7 Computed tomography of an early-stage 
NPC. A: Axial and (B) reformatted coronal contrast- 
enhanced CT images show a left-sided NPC (black arrows). 
Enhancing soft tissue infiltrates the normal anatomy of the 
soft tissues near the skull base, obliterating the normal fat 
planes that can still be seen on the right. C: Erosion of the 
clivus (white arrows) is best seen on bone window CT. 


Another contribution of cross-sectional imaging in 
NPC is the therapeutic aspects. As CT or MRI determines 
the primary tumor extent with precision (Figs. 120.12 
to 120.14), it enables RT treatment to be designed and 
administered accurately and effectively, resulting in an 
improved outcome (51). This is particularly applicable 
with the intensity modulated radiotherapy (IMRT), which 
makes use of composite CI-MRI targets (52), enabling 
radiation energy to be targeted even more accurately to 


D 


Figure 120.8 MRI of an advanced NPC. A: Axial unenhanced T1-weighted, (B) axial fat-suppressed 
T2-weighted, (C) coronal postcontrast fat-suppressed T1-weighted, and (D) sagittal unenhanced 
T1-weighted images of the nasopharynx demonstrate a large tumor (arrows) that has destroyed 
most of the central skull base. The tumor is isodense to brain (A), but dark on T2 (B) because of its 
high nuclear-to-cytoplasmic ratio. This tumor enhances uniformly (€), although many large NPCs 
have central necrosis resulting in heterogeneous enhancement. There is extensive involvement of 
surrounding structures such as the petrous carotid (arrowhead in A), the pterygopalatine and infra- 
temporal fossae (arrowhead in B), the cavernous sinus (arrowhead in C), the clivus (arrows in D), and 
the sphenoid sinus (arrowhead in D). 
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Figure 120.9 A patient presenting with hearing loss 
undergoes MRI, including (A) axial T2-weighted and (B) axial 
fat-suppressed enhanced T1-weighted (C) images of the 
skull base, as well as enhanced T1-weighted images of the 
neck. There is a right-sided mastoid effusion (arrow in A), 
which should always prompt an evaluation of the nasophar- 
ynx for Eustachian tube dysfunction. There is an enhancing, 
infiltrative mass (arrows in B) that obscures and destroys the 
normal right-sided nasopharyngeal anatomy and extends 
into the carotid sheath. Although NPC often spreads to 
Level Il lymph nodes, it is famed for spread to retropharyn- 
geal nodes (arrow in C), which are critical to identify radio- 
graphically because they are not palpable. 
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Coronal T2-weighted MRI demonstrates multiple 
bilateral pathologically enlarged cervical lymph nodes (arrows), 
representing metastatic NPC. 


tumor while at the same time sparing adjacent normal 
tissues. 

Positron emission tomography (PET) is useful to 
show the primary NPC with the metastatic lymph nodes 
(Figs. 120.15 and 120.16). For locally advanced NPC, the 
fluor-18-fluorodeoxyglucose ('*F-FDG) uptake as measured 
by standard uptake value (SUV,,..) has been shown to have 
prognostic significance (53); those patients with SUV, ,. of 
higher than five have poor outcome (54). The hypermeta- 
bolic site locates the presence of tumor (Fig. 120.17). 


Sagittal T2-weighted MRI demonstrates NPC 
invading the sphenoid sinus (arrow). 


Axial fat-suppressed enhanced T1-weighted MRI 
shows NPC invading the greater sphenoid wing (arrow). 


The detection of distant metastases at diagnosis is diffi- 
cult. Conventional studies such as bone scans, liver scintig- 
raphy (55), and marrow biopsy (56) are of little value. They 
should only be carried out for those patients with high risk 
of distant spread such as those with N3 disease (57). 

The role of PET in the detection of distant metasta- 
ses in NPC and other malignancies was first noted in 
2003 (58) (Fig. 120.18). In newly diagnosed NPC, PET 
is not more sensitive than MRI in the detection of distant 
metastasis (59). PET, however, has also been reported to 


Axial unenhanced T1-weighted image shows 
a bulky tumor (T) filling the nasopharynx and extending into the 
nasal cavity bilaterally. 


Axial T1-weighted MRI shows an enhancing mass 
(arrow) in the cavernous sinus and right middle cranial fossa, repre- 
senting direct spread of NPC. 


be more sensitive than cross-sectional imaging studies 
in detecting persistent and recurrent NPC (60), both at 
the primary site and in the neck. A recent systemic review 
showed that PET was better with dual-section and multi- 
section helical CT (61). 


Combined PET-CT axial image shows increased 
activity in the middle skull base (arrow) and in the pterygopalatine 
fossa (arrowhead), demonstrating direct spread of primary NPC. 
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Combined PET-CT axial image shows an 
enlarged, FDG-avid Level II lymph node (arrow) representing 
metastatic NPC. The arrowheads show denervation atrophy of the 
tongue reflecting involvement of the hypoglossal nerve. 


In summary, MRI is the preferred modality for local 
staging and detection of local recurrence. In patients 
with advanced disease, a PET/CT from the skull base to 
mid-thigh is useful to ascertain the extent of disease in 
the body. 


The confirmation of the diagnosis of NPC requires a posi- 
tive biopsy taken from the tumor in the nasopharynx. The 
nasopharynx can be adequately examined under topi- 
cal anesthesia with endoscopes (Fig. 120.19). The rigid 
Hopkins telescopes, both 0° and 30°, give an excellent 
view of the nasopharynx on the side of insertion (Figs. 
120.20 and 120.21). A 70° endoscope inserted behind the 
soft palate allows visualization of the roof of nasopharynx 
and both Eustachian tube openings (Fig. 120.22). These 
3- or 4-mm-diameter rigid endoscopes do not have a suc- 
tion or biopsy channel. Blood and mucus covering the 
tumor have to be removed by a separate suction catheter 
for a clear view of the pathology. Biopsy forceps should 
also be inserted alongside the endoscope for taking a 
biopsy of the tumor under direct vision. 

The flexible endoscope allows thorough examination of 
the entire nasopharynx even when it is inserted through 
one nasal cavity. Its tip can be maneuvered behind the 
nasal septum to the opposite side. It has a suction chan- 
nel and a biopsy forceps can be inserted through it to take 
a biopsy of the tumor under direct vision (Figs. 120.23 
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B 


Axial CT (A) shows a large tumor in the nasopharynx, but the soft tissue in the 
nasal cavity and sinuses is equivocal for tumor. Corresponding PET image (B) shows the tumor is 
confined to the nasopharynx, and also identifies an unseen retropharyngeal node (arrow). 


and 120.24). Despite all these advantages, the visual 
image gathered with the flexible endoscope is inferior to 
that of the rigid endoscope. The size of the biopsy forceps 
is also small thus the amount of tissue obtained might 
not be enough. Sometimes a larger biopsy forceps might 


& 


Frontal-projection MIP of a PET scan shows 
extensive NPC metastases in the neck and upper mediastinum, as 
well as unsuspected metastasis in the lower mediastinum (arrow) 
and the lung (arrowhead). 


have to be inserted by the side of the flexible endoscope 
to obtain more substantial amount of tissue for histologic 
examination. 


A clinical staging system for NPC is essential for treatment 
planning and evaluation of therapeutic outcome. Over 
the years, a few staging systems were used for NPC; the 
Union International Contre le Cancer (UICC) system and 
the American Joint Committee on Cancer Staging (AJCC) 
system are preferred in Europe and America, respectively, 
while Ho system (62) is frequently used in Asia. 

Both the UICC and the AJCC systems assess tumor 
extent in the nasopharynx by considering the number of 
tumor-affected sites within the nasopharynx while the 


Rigid endoscope (0°) inserted through the right 
nasal cavity showing a fleshy tumor in the nasopharynx (7). 


Rigid endoscope (0°) inserted through the right 
nasal cavity and tumor in the nasopharynx is identified (Tumor). 


Ho system classifies all tumors confined to the nasophar- 
ynx as T1 disease. UICC and AJCC systems have unified 
since 1992. In the recent staging system of 2009, T1 stage 
included all tumors that confine to the nasopharynx or 
extend locally such as inferiorly to the oropharynx or 
anteriorly to the nasal cavity (63,64) (Table 120.1). On 
the other hand, lateral tumor extension to the parana- 
sopharyngeal space indicates more advanced disease. T2 
stage includes tumor that has extended to the paranaso- 
pharyngeal space. The T3 disease covers tumors that have 
involved the skull base or the paranasal sinuses. T4 tumors 
are those that have extended to the infratemporal fossa, 
orbit, hypopharynx, and cranium, or have affected the 
cranial nerves. 

The UICC/AJCC staging systems recognize the size of 
the cervical lymph node as an important factor. For other 
head and neck cancers, N1 is less than 3 cm in size and 
N2 is greater than 3 cm. The difference between N2 and 
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Rigid endoscope (70°) inserted through the oral 
cavity, inspecting the nasopharynx from below. Posterior edge 
of the nasal septum (S). Right Eustachian tube orifice (arrow) and 
nasopharyngeal tumor can be seen extending from the right lat- 
eral wall onto the roof of the nasopharynx (Tumor). 


N3 is a nodal size of 6 cm. The retropharyngeal nodes, 
which are the first-echelon nodes, are not taken into 
account by all staging systems. CT or MRI now detects 
these nodes (65). 

These factors are all addressed in the nodal staging sec- 
tion of the recent UICC/AJCC for nasopharyngeal cancer 
staging system (Table 120.1). The measurement of 6 cm is 
the only factor for size. Laterality and site of involvement 
such as the retropharyngeal region and the supraclavicu- 
lar fossa are other important factors in determining the 
N staging. Under the current system, N1 referred to uni- 
lateral nodal involvement less than 6 cm in diameter and 
not reaching the supraclavicular fossa. Bilateral retropha- 
ryngeal nodes as long as they are less than 6 cm are still 
N1. Bilateral cervical nodal disease that has not reached 


Rigid endoscope (30°) inserted through the left 
nasal cavity of the same patient and tumor in the nasopharynx 
identified (Tumor). The posterior edge of the septum is visible (S). 


Flexible endoscope (videoendoscope) inserted 
through the left nasal cavity showing the tumor (T) on the right 
side. 
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Figure 120.24 Flexible endoscope (videoendoscope) inserted 
through the left nasal cavity a biopsy forceps (arrow) is inserted 
through the biopsy channel and guided to the tumor (T). 


N3 designation, irrespective of size, number, and location 
is classified N2. Stage N3 disease referred to lymph nodes 
larger than 6 cm (N3a), or nodes that had extended to 
the supraclavicular fossa (N3b). For M-staging, M1 rep- 
resents distant metastases, including any lymph node 
involvement below the level of the clavicle. The current 
unified staging system has enabled patients to be staged 
more precisely and simply; it is also considered as a better 
predictor of prognosis (66-68). 


TREATMENT 


Radiotherapy 


In view of the location of the nasopharynx, lying in close 
proximity to important structures and the infiltrative 
nature of NPC, surgical resection of the primary tumor is 
challenging. NPC, however, is radiosensitive and thus RT 
has been the primary treatment modality for decades. RT 
though effective may also produce undesirable complica- 
tions as the radiation might affect the structures around 
the nasopharynx. These structures include the brain stem, 
spinal cord, pituitary-hypothalamic axis, temporal lobes, 
eyes, middle and inner ears, and parotid glands. These 
structures limit the amount of radiation that can be deliv- 
ered to the tumor. As NPCs tend to infiltrate and spread 
toward these dose-limiting organs, it is difficult to shield 
these structures without compromising the dose delivered 
to the primary tumor with conventional RT using two- 
dimensional treatment planning and custom block for 
shielding. Because of the high incidence of occult neck 
node involvement, the neck is usually included in the 
radiation field electively (69). A good locoregional con- 
trol could be achieved and once there is a locoregional 
relapse there is an increased risk of developing distant 
metastases (70). 


During the two-dimensional RT era, RT for NPC usually 
starts with large lateral opposing faciocervical fields that 
cover the primary tumor and the upper neck lymphatics 
in one volume, with matching lower anterior cervical field 
for lower neck lymphatics (71). In general, the radiation 
dose given to the primary tumor is in the range of 65 to 
75 Gy and that to the involved neck nodes 65 to 70 Gy. For 
elective radiation of node-negative neck, the dose given 
is 50 to GO Gy. This treatment has successfully controlled 
Tl and T2 tumors in between 75% to 90% of cases, and 
T3 and T4 tumors in 50% to 75% of cases (72,73). Nodal 
control is achieved in 90% of patients with NO and N1 
diseases, but the regional control rate drops to 70% for N2 
and N3 cases (58). 

Sometimes for T1 and T2 tumors, employing a booster 
dose using intracavitary brachytherapy has shown to 
improve tumor control by 16% (74). Although stereo- 
tactic radiosurgery has also been used for delivery of the 
booster dose (75), the hypofractionated treatment is asso- 
ciated with undesirable side effects and is probably bet- 
ter reserved for the treatment of persistent and recurrent 
disease (76). 

The major limitations of two-dimensional planning for 
NPC can now be eliminated with three-dimensional con- 
formal RT and IMRT (77,78). When the tumor extension 
was close to the dose-limiting organs, IMRT is distinctly 
useful as it further improves the dose differential between 
the tumor and the dose-limiting organs (79,80). IMRT is 
a complicated technique that allows the delivery of highly 
conformed dose distribution to the target and critical struc- 
tures through optimization of intensity of multiple beams, 
that is, the beams are shaped so that high dose can be 
conformed to match the target while selective avoidance 
of dose to critical structures can be achieved at the same 
time. The advantages of IMRT include the ability to deliver 
highly conformal RT to irregular target, in particularly 
when the target volume wraps around critical structures 
such as brain stem and spinal cord. It also has the abil- 
ity to treat primary and regional lymphatic in one volume 
thus eliminating the dose uncertainty problem at the junc- 
tion between the primary tumor and neck lymphatic target 
volumes. 

IMRT is ideal for treatment of NPC and has already 
achieved excellent local control rates for newly diagnosed 
NPC, with reported local control rate of 92% to 97% at 3 to 
4 years (81,82). Apart from improvement of tumor control, 
IMRT also reduces the risk of late complications such as 
xerostomia in early stage disease. A prospective study has 
confirmed the recovery of salivary functions within 2 years 
(83). Satisfactory results were also achieved with IMRT for 
recurrent NPC, and the degree of short-term control was 
encouraging (84). The limitation of IMRT remains to be 
the precision of determining the junction of tumor and the 
adjacent normal structures and the accurate determination 
of this safety margin is crucial for an optimal treatment 
outcome. 


TABLE 


Primary tumor in nasopharynx (T) 
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120.1 THE AMERICAN JOINT COMMITTEE ON CANCER STAGING 


T1—Tumor confined to the nasopharynx, or tumor extends to oropharynx and/or nasal cavity without parapharyngeal extension 


T2—Tumor with parapharyngeal extension 


T3—Tumor involves bony structures of skull base and/or paranasal sinuses 
T4—Tumor with intracranial extension and/or involvement of cranial nerves, hypopharynx, orbit, or with extension to the infratemporal 


fossa/masticator space 


Regional lymph nodes (N) 


The distribution and the prognostic impact of regional lymph node spread from nasopharynx cancer, particularly of the undifferentiated 
type, are different from those of other head and neck mucosal cancers and justify the use of a different N classification scheme. 


NX—Regional lymph nodes cannot be assessed 
NO—No regional lymph node metastasis 


N1—Unilateral metastasis in lymph node(s), 6 cm or less in greatest dimension, above the supraclavicular fossa, and/or unilateral or 
bilateral, retropharyngeal lymph nodes, 6 cm or less, in greatest dimension 

N2—Bilateral metastasis in lymph node(s), 6 cm or less in greatest dimension, above the supraclavicular fossa 

N3—Metastasis in a lymph node(s) >6 cm and/or to supraclavicular fossa 


N3a—>6 cm in dimension 
N3b—extension to the supraclavicular fossa 
Distant metastasis (M) 
MO—No distant metastasis 
M1—Distant metastasis 


Stage groups 
Stage 0 T1s NO MO 
Stage | T1 NO MO 
Stage Il T1 N1 MO 
T2 NO MO 
T2 N1 MO 
Stage Ill T1 N2 MO 
T2 N2 MO 
T3 NO MO 
T3 N1 MO 
T3 N2 MO 
Stage IVA T4 NO MO 
T4 N1 MO 
T4 N2 MO 
Stage IVB Any T N3 Mo 
Stage IVC Any T Any N M1 


Edge SB, Byrd DR, Compton CC, et al. AJCC cancer staging hand book, 7th ed. New York, NY: Springer, 2010:63-79. 


Other attempts to enhance the results of RT included 
accelerated fractionation (85), accelerated hyperfraction- 
ation (86), combination of one or other of these treat- 
ments with chemotherapy (87,88). 


Chemotherapy 


For the management of NPC patients especially those with 
advanced locoregional disease, chemotherapy has been 
applied in combination with RT. The chemotherapy can 
be given before, during, or after radiation, and are named 
as neoadjuvant, concurrent, and adjuvant chemotherapy, 
respectively. 

The Intergroup 1997 study first showed that employ- 
ing chemotherapy together with radiation improved over- 
all survival when compared to using RT alone (89). The 


Intergroup trial employed both concurrent and adjuvant 
chemotherapy in the study arm and reported an abso- 
lute improvement of survival of 31% at 3 years. This study 
included many patients with well-differentiated carcinoma 
and there were initially doubts whether it was applicable to 
NPC in the endemic areas. Subsequent randomized trials 
conducted in endemic regions have confirmed the ben- 
efits of concurrent chemoradiotherapy for locoregionally 
advanced NPC, although different regimens and schedule 
were being employed in these studies (90-93). 

Four randomized phase III studies comparing neo- 
adjuvant chemotherapy followed by RT versus RT alone 
in NPC have been reported (94-97). All these studies 
failed to demonstrate any survival benefits with addi- 
tion of chemotherapy prior to RT. Two of these studies 
were recently updated and the data pooled for analysis, 


1888 Section VII: Head and Neck Surgery 


and although significant improvement in disease-free 
survival in the chemotherapy arm was observed, overall 
survival was not improved (98). Two adjuvant chemo- 
therapy phase III studies have been reported, and both 
showed no survival benefits (99,100). Both adjuvant 
chemotherapy trials had limitations since nonplatinum 
chemotherapy was used in one study and chemotherapy 
compliance was rather poor in the other study. These 
studies showed that induction chemotherapy alone has 
limited role in NPC, whereas the role of adjuvant chemo- 
therapy remains undefined. 

Another new approach being investigated currently is 
the combination of neoadjuvant chemotherapy and con- 
current chemoradiotherapy for locoregional advanced 
NPC, since it may be easier to administer chemother- 
apy before than after concurrent chemotherapy with the 
added benefit of rapid tumor shrinkage prior to RT, and 
preliminary reports showed that excellent control can be 
achieved using this approach in advanced T stage tumors 
(101). Another study on neoadjuvant chemotherapy fol- 
lowed by concomitant chemoradiotherapy also reported 
excellent overall survival with acceptable toxicity (102). 
In view of the ototoxicity of cisplatin, other chemother- 
apeutic agents have been used. A study using cisplatin 
concurrently with RT, followed by adjuvant ifosfamide, 
5-fluorouracil, and leucovorin in patients with stage IVb 
NPC has been reported. Although these patients have 
more advanced disease, the outcome of the treatment 
was comparable to other platinum-based adjuvant che- 
motherapy studies and the compliance rate was accept- 
able (103). Another study employed oxaliplatin instead 
of cisplatin as concurrent chemotherapy during RT, with 
favorable toxicity profile and superior outcome than RT 
alone (104). 

In summary, current evidence indicates that concur- 
rent chemoradiotherapy has a major role in advanced 
stage NPC. A recent meta-analysis that included eight tri- 
als with 1,753 patients showed an absolute survival ben- 
efit of 6% at 5 years from the addition of chemotherapy 
(from 56% to 62%) to RT in NPC, and the benefit was 
essentially observed when chemotherapy was adminis- 
tered concomitantly with RT (105). Based on current evi- 
dence, concurrent chemoradiotherapy should be given 
to all patients with nodal disease and/or T3-4 disease, 
whereas RT alone should be reserved for those with T1-2 
NO disease. 


MANAGEMENT OF PERSISTENT 
OR RECURRENT DISEASE 


Although concurrent chemoradiation is effective in the 
management of NPC, local or regional failure present- 
ing as persistent or recurrent tumor still occurs. The inci- 
dence of local failure was around 8.3% (106) and they may 
present as residual or recurrent tumor, and the incidence 


of isolated failure in the neck in recent years was around 
1.6% (107). To attain a high successful salvage rate, early 
detection and administration of the appropriate therapy is 
essential. Imaging studies such as CT and MRI at one time 
cannot give a definite diagnosis but on sequential imag- 
ing a progressive enlarging mass would suggest the pres- 
ence of disease. PET scan has been reported to be superior 
to conventional imaging studies to provide the diagnosis 
of persistent or recurrent disease (108). The presence of 
malignancy can usually be confirmed with biopsy through 
endoscopic examination. Persistent or recurrent tumor in 
the neck node after chemoradiotherapy, however, is notori- 
ously difficult to confirm, as in some lymph nodes only 
clusters of tumor cells were present. Fine needle aspiration 
cytology was diagnostic only in 50% of the time and fre- 
quently surgery has to be carried out for progressive enlarg- 
ing cervical lymph node, either clinically or on sequential 
imaging. 

Aggressive treatment for locally recurrent NPC is war- 
ranted as although survival after retreatment for extensive 
disease remains poor, it is still higher than that of those 
managed with supportive treatment only. Even when there 
were synchronous locoregional failures, aggressive treat- 
ment should be considered for selected patients (109). 


Persistent or Recurrent Tumor in Neck Lymph 
Nodes 


When the persistent or recurrent neck nodes are managed 
with another course of external RT, the reported overall 
5-year survival rate was only 19.7% (110). Radical neck 
dissection performed as surgical salvage has reported to 
achieve a 5-year tumor control rate of 66% in the neck 
(111) and a 5-year disease progression free 44% (112). 
Pathologic studies have shown that for those persistent or 
recurrent tumors in the neck nodes, the disease involve- 
ment of the local tissue was extensive. Many lymph 
nodes appeared free of tumor macroscopically were iden- 
tified to harbor malignant cells on histologic examina- 
tion. Malignant cells could be seen to extend outside the 
capsule of the lymph nodes and lying close to the acces- 
sory nerve and internal jugular vein. Tumor clusters were 
also seen in the stern mastoid muscle and among other 
tissues in the neck (113). A radical neck dissection was 
considered essential for salvage treatment for the cervical 
nodal metastasis after RT in patients with NPC. A recent 
study showed that as the neck nodes in level I was infre- 
quently involved, level I should be preserved in the neck 
dissection (114). 

When tumor in the neck node extends beyond the con- 
fines of the lymph node, such as infiltrating the floor of 
the neck or the overlying skin, then brachytherapy should 
be applied to the tumor bed in addition to radical neck 
dissection (Figs. 120.25 and 120.26). With this adjuvant 
therapy, the 3-year actuarial control rate of neck disease 


Figure 120.25 Following radical neck dissection for the exten- 
sive neck node, the overlying neck skin was also removed. Hollow 
nylon tubes (arrows) were placed in the tumor bed for postopera- 
tive brachytherapy. 


was reported to be around 60% (115). This became sim- 
ilar to the local disease control rate when a radical neck 
dissection was carried out for less extensive neck disease. 


Persistent or Recurrent Tumor in the 
Nasopharynx 


Persistent or recurrent disease in the nasopharynx after 
the initial radical dose of radiation can still be managed 
with a second course of external RT with a larger radiation 
dose. The complications arising from the second dose of 
external RT affect significantly the quality of life of these 
patients. However, with the development of precision RT, 
such as IMRT, a second course of external RT could be 
given with sufficient efficacy and acceptable side effects. A 
salvage rate of 32% has been reported although the cumu- 
lative incidence of late post-reirradiation sequelae was 
24%, with a treatment mortality of 1.8% (116). To allevi- 
ate the complications of reirradiation, alternative salvage 
measures have been introduced. These include stereotactic 


Figure 120.26 The neck skin defect was covered with a pectora- 
lis major myocutaneous flap. 
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RT, brachytherapy, and surgical resection. These treatment 
options are applicable when the persistent or recurrent 
tumor is small and localized in the nasopharynx. 


Stereotactic Radiotherapy 

The local tumor control rate achieved with stereotactic RT 
for management of persistent or recurrent tumor was 72% 
at 2 years and 86% at 3 years (117). A recent study with 90 
patients treated employing this approach for locally persis- 
tent and recurrent disease reported a 3-year local control 
rate of 83% (118). For small volume disease, using stereo- 
tactic RT with single fraction treatment achieved excellent 
result that appears to be comparable to gold grain implan- 
tation (119) and fractionated dose of stereotactic RT (120). 


Brachytherapy 

With brachytherapy, the radiation source is placed directly 
into the tumor. Thus, the radiation dose is highest at the 
source in the tumor, and this declines with increasing dis- 
tance from the tumor. This allows the delivery of a high 
therapeutic radiation dose to the persistent or recurrent 
tumor in the nasopharynx while the surrounding tissue is 
irradiated with a much smaller dose. The brachytherapy 
radiation source also delivers radiation at a continuous 
rate, and this gives radiobiologic advantage over fraction- 
ated external radiation. Intracavitary brachytherapy has 
been used for NPCs both as a boost of the primary treat- 
ment and for persistent or recurrent disease (121). The 
radiation source was placed either in a tube or a mould 
and then inserted into the nasopharynx. Good local con- 
trol has been reported with intracavitary brachytherapy 
(122). However, in view of the irregular contour of the 
primary tumor within the nasopharynx, it is difficult to 
apply the radiation source accurately to each part of the 
tumor to produce a tumoricidal effect. To circumvent this 
problem, radioactive interstitial implants have been used 
to treat small and localized persistent or recurrent tumor 
in the nasopharynx (123). The frequently used intersti- 
tial implant is radioactive gold grains ('*Au). They are 
implanted either transnasally or using the split-palate 
approach (124). The split-palate approach gives the sur- 
geon a direct view of the tumor and enables the implan- 
tation of the desired number of gold grains permanently 
into the tumor with precision (Figs. 120.27 and 120.28). 
The surgical procedure is simple with limited morbidity 
(125). When gold grain implants were used to treat per- 
sistent and recurrent tumors after RT, the reported 5-year 
local tumor control rates were 87% and 63%, respectively, 
and the corresponding 5-year disease-free survival rates 
were 68% and 60%, respectively (126). 


Nasopharyngectomy 

When the persistent or recurrent tumor in the nasophar- 
ynx has extended to the paranasopharyngeal space or is 
too bulky for brachytherapy to be successful, then the 
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A: The surgeon (left), after splitting the palate, holds a flexible endoscope placed 
in the nasopharynx to provide illumination and guidance. The oncologist (right) uses the gold grain 
applicator to insert the radioactive grains directly into the tumor. B: endoscopic view showing the tip 
of the gold grain applicator (arrow) before inserting into the tumor (Tumor). 


B 


A: Frontal and (B) lateral conventional radiographs demonstrate gold grains 
(arrows) embedded in the nasopharynx. 


Figure 120.29 Endoscopic view showing a small recurrent tumor 
(arrow) situated medial to the medial crura of the left Eustachian 
tube (C). 


next salvage option is surgery. Nasopharyngectomy is 
effective in the eradication of localized disease in selected 
patients. 

Adequate resection of small but thick tumor located in 
the posterior wall of the nasopharynx could be achieved 
with endoscope inserted through the nasal and oral 
cavities (127-129) (Figs. 120.29 and 120.30). Microwave 
coagulation therapy has also been reported with suc- 
cess when applied transnasally (130). The rigid endo- 
scopic instruments, however, limit the removal of tumor 
located over the lateral wall of the nasopharynx. These 
localized tumors not involving the paranasopharyngeal 
space, however, might be resected employing the versa- 
tile endowrists of the da Vinci Robot. The robotic arms 
and the three-dimensional camera could be inserted to 
the nasopharynx through a split-palate approach (131) 
(Fig. 120.31). 

For more extensive disease in the nasopharynx, open 
approach resection is necessary. A successful surgical sal- 
vage depends on adequate tumor removal with a nega- 
tive resection margin (132) and thus wide exposure of the 
tumor and its vicinity is essential. The anatomical location 
of the nasopharynx is in the central part of the head. It is 
difficult to expose the region adequately to carry out an 
oncologic resection. The brain and the spinal cord render 


Figure 120.30 The tumor is resected with margin (arrow) 
employing diathermy under direct vision of the endoscope. 
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Figure 120.31 Through a split-palate approach, the endowrists 
of the da Vinci robot is employed to remove the tumor (arrow) 
under direct vision. Endowrist with grasping jaw (F) is shown on 
the left and the scissors with diathermy capabilities (S) on the right. 


superior and posterior approaches not practical. The trans- 
antral and midfacial deglove procedures to reach the naso- 
pharynx from the front do not provide adequate exposure 
of the whole nasopharynx. These anterior approaches, even 
with the down-fracture of the hard palate, only expose the 
posterior wall of the nasopharynx and not the lateral walls 
adequately. Despite these, satisfactory results of surgical 
salvage of recurrent tumor in the nasopharynx have been 
reported (133-136). The nasopharynx can be approached 
through the infratemporal fossa from the lateral aspect 
(137). It is applicable for lesions localized to the lateral 
wall. Recently, there was a report on 11 patients salvaged 
with this approach, resulting a 2-year disease-free survival 
rate of 72% (138). With this approach, however, it is dif- 
ficult to remove adequately those tumors that have crossed 
the midline. 

To remove tumor in nasopharynx from the inferior 
aspect, employing the transpalatal, transmaxillary, and 
transcervical approach is possible (139,140). It is useful for 
tumors located in central nasopharynx and not extending 
too far laterally. 

To approach the nasopharynx anterolaterally with 
the maxillary antrum swung laterally provides adequate 
exposure of the tumor in nasopharynx and the parana- 
sopharyngeal region (141). Following appropriate oste- 
otomies, the maxilla bone attached to the anterior cheek 
flap can be swung laterally as one osteocutaneous complex 
(Fig. 120.32). This exposes the entire nasopharynx and 
the paranasopharyngeal space so that an oncologic surgi- 
cal procedure can be carried out. The operative procedure 
is simple and similar to a maxillectomy (Figs. 120.33 
to 120.35). It also provides good control of the inter- 
nal carotid artery. The procedure has limited morbidity 
(142,143) and is the appropriate surgical salvage proce- 
dure for most residual or recurrent tumors in the nasophar- 
ynx (144). As all these patients had previously undergone 
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Figure 120.32 Schematic computed tomography. Left: Planned osteotomies of the maxilla and 
the posterior part of the nasal septum (arrow and broken line). Right: The maxilla is swung laterally 


while still attached to the cheek flap. 
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Figure 120.33 Recurrent NPC. A: Axial and (B) coronal fat-suppressed enhanced T1-weighted MR 
images show a bulky enhancing tumor (T) in the right nasopharynx. Bulky enhancement indicates 
recurrence, whereas infiltrative or linear enhancement may be related to treatment. 


Facial incision marked on the patient with the 
MRI in Figure 120.33 for right maxillary swing approach to expose 
the nasopharynx for resection of recurrent NPC. 


radical RT, complete wound healing might take some time 
and around 25% of patients developed trismus. In general, 
as long as the persistent or recurrent tumor can be resected 
with a clear margin, the long-term results have been sat- 
isfactory. Salvage nasopharyngectomy with this approach 
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carried out for 246 selected patients showed a 5-year local 
control of disease of 74% and the 5-year disease-free sur- 
vival was 56% (145). 


External Radiotherapy, Chemotherapy, and 
Targeted Therapy 

Reirradiation with external beam is the only option when 
the recurrence involves skull base. For these extensive 
recurrences, conformal RT such as IMRT is applicable. 
For 29 patients who had reirradiation with and without 
brachytherapy boost, the 5-year local control rate of 52% 
has been reported (146). In another study, for 31 patients, 
the 1-year locoregional control was 56% employing 
IMRT for reirradiation (147). With a shorter follow-up of 
9 months, 100% local control has been reported following 
reirradiation with IMRT (148). 

Induction chemotherapy has been employed to reduce 
the tumor bulk before reirradiation (149), or it was admin- 
istered concurrent with reirradiation (150). Cisplatin-based 
agents combined with other agents give an overall response 
rate of 50% to 70%. Other drugs such as capecitabine 
(151,152), taxane (153,154), and gemcitabine (155,156) 
can be used either as a single agent or in combination with 
cisplatin. Oxaliplatin is also active in NPC and can be used 
in place of cisplatin (157). 

There are only limited studies on the use of molecular 
targeted therapy in NPC. One study showed that addition 
of cetuximab to carboplatin in platinum-refractory disease 
resulted in a modest response rate of 11.7% and the median 
survival was 233 days (158). Studies using small molecular 
inhibitors such as gefitinib (159,160) and sunitinib (161) 
in recurrent and metastatic NPC failed to show any bene- 
fits. Currently there is no established role of molecular tar- 
geted therapy in the management of NPC, and treatment 
using such approach should not be routinely given outside 
the context of clinical trial. 


CKC M/71 


The same patient as in Figure 120.34, the right maxilla is swung laterally to expose 
the nasopharynx with recurrent tumor (arrow). Inset: Nasopharyngectomy specimen showing tumor 
(T). The Eustachian tube opening is marked with a yellow tube (arrow). 
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NPC is common among southern Chinese, and a 
combination of genetic, viral, and environmental 
factors contributes to the etiology. 

The diagnosis of NPC depends on the clinical fea- 
tures, serologic tests, and imaging features. The 
confirmation of the disease is through endoscopic 
examination and biopsy. 

The extent of the disease is determined by clini- 
cal examination, imaging studies, and endoscopic 
findings. 

The treatment of early stage NPC is by radiation 
alone while for advanced stage disease, concurrent 
chemoradiation gives the best outcome. 

The incidence of local/regional residual of recurrent 
disease after radiation/chemoradiation is around 
10% and the outcome of salvage with further radia- 
tion, brachytherapy, and surgery depends on the 
extent of the disease. 

For salvage of localized lymph nodes confined to 
the neck, surgery with neck dissection gives satisfac- 
tory results. 

The choice of surgical approach for resection of 
recurrent NPC in the nasopharynx depends on the 
size, location, extent of disease, and condition of the 
patient. In general, the 5-year local tumor control 
rate following surgical salvage is around 74% and 
the 5-year disease-free survival rate is 56%. 
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Oropharyngeal Cancer 


Anna M. Pou 


Cancer of the oropharynx is relatively uncommon, 
accounting for fewer than 1% of all new cancers. Cancer 
data reported combine oral cavity sites with oropharyn- 
geal sites. It has been estimated that over 39,000 cases of 
oral cavity and pharyngeal cancer will be diagnosed in 
the United States in 2010 (1). Approximately one-third of 
these will be expected to arise in the oropharynx. Its peak 
incidence is between the sixth and seventh decades of 
life; however, cases in the fifth and fourth decades of life 
are not uncommon. The disease has a distinct male pre- 
dominance, but recent data show an increased incidence 
among women. Squamous cell carcinoma (SCC) and its 
variants account for more than 90% of malignant oropha- 
ryngeal lesions. Historically, the most important etiologic 
factor was the exposure to tobacco and alcohol; however, 
the majority of cases seen today are HPV associated (2). 
Treatment of this disease is complex, and a team includ- 
ing a head and neck surgeon, reconstructive surgeon, radia- 
tion oncologist, medical oncologist, prosthodontist, and 
speech and language pathologist offers the patient the best 
opportunity for disease control with management of treat- 
ment-related toxicities. 


The oropharynx is the midportion of the pharynx that con- 
nects the nasopharynx superiorly to the oral cavity ante- 
riorly and to the hypopharynx inferiorly. It extends from 
an imaginary horizontal plane through the hard palate to 
another through the hyoid bone (Fig. 121.1). As it opens 
into the oral cavity, it is bounded by the circumvallate 
papillae, anterior tonsillar pillars, and the junction of the 
hard and soft palates. The posterior limit of the orophar- 
ynx is the posterior pharyngeal wall, which lies anterior to 
the prevertebral fascia. The lateral boundary includes the 
tonsillar fossae and pillars and the lateral pharyngeal walls. 
The superior limit is contiguous with the inferior boundary 
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of the nasopharynx. Clinically, the oropharynx is divided 
into four subsites: base of tongue, soft palate, the palatine 
tonsillar fossa and pillars, and pharyngeal walls. 

The pharyngeal walls are made of multiple layers, which 
include from surface to deep the mucosa, submucosa, 
pharyngobasilar fascia, constrictor muscles (superior and 
upper fibers of middle), and buccopharyngeal fascia. The 
superficial anatomy of the lateral walls includes the ante- 
rior tonsillar pillars (palatoglossus muscle); the palatine 
tonsillar tissue, which lies in the tonsillar fossae; posterior 
tonsillar pillars (palatopharyngeal muscle); and a small 
portion of lateral pharyngeal walls. The palatine tonsils, 
when present, often have an irregular surface filled with 
crypts, which are blind tubules of epithelium that invagi- 
nate deep within the lymphoid tissue of the tonsil. 

The soft palate is a fibromuscular structure that projects 
posteriorly and downward into the oropharynx. It is com- 
posed of the palatine aponeurosis, which forms the skeleton 
and includes the tensor veli palatini, levator veli palatini, 
uvular, palatoglossus, and palatopharyngeal muscles. 

The base of the tongue is the anterior wall of the oro- 
pharynx and extends from the circumvallate papillae back 
to the pharyngoepiglottic ligament and glossoepiglot- 
tic folds. The lingual tonsils lie superficial and lateral on 
either side and cause its mucosal surfaces to be irregular. 
The paired valleculae mark the transition of the base of 
the tongue into the epiglottis. This relationship explains 
why the submucosal spread of tumor from the base of the 
tongue may involve the supraglottic larynx or, conversely, 
laryngeal tumors may grow into the base of the tongue. 

Most of the oropharynx is supplied with sensory and 
motor innervation through the glossopharyngeal (cranial 
nerve IX) and vagus (cranial nerve X) nerves. The hypoglos- 
sal nerve (cranial nerve XII) supplies motor innervation to 
the base of the tongue. The motor and most of the sensory 
innervation of the soft palate comes from the trigeminal 
nerve. 


Pharyngeal tonsil 
Torus of tube 

Mouth of auditory tube 
Hard palate 
Pharyngeal recess 
Soft palate 


Salpingo-pharyngeal fold 


Anterior tonsillar pillar 


Palatine tonsil 
Posterior tonsillar pillar 


Circumvallate papillae 
Dorsum of tongue 


Base of tongue 


Hyoid bone 


The oropharynx is abundantly supplied with blood from 
most branches of the external carotid artery, particularly the 
ascending pharyngeal. The lymphatic drainage is primarily 
to levels II and III, with midline structures such as the tongue 
base, soft palate, and posterior pharyngeal wall draining to 
both sides of the neck. The posterior pharyngeal wall, soft 
palate, and tonsillar region also drain to the retropharyngeal 
nodes, which in turn drain to the upper level II nodes. 

The oropharynx is surrounded on three sides by poten- 
tial fascial spaces. The retropharyngeal space is an area of 
loose connective tissue lying behind the pharynx between 
the buccopharyngeal fascia of the pharynx and the alar 
layer of the prevertebral fascia. The retropharyngeal space 
extends from the skull base to the superior mediastinum 
and communicates with the parapharyngeal space later- 
ally. The parapharyngeal space is defined by fascial planes 
extending from the skull base to the greater cornu of the 
hyoid bone and lying lateral to the pharyngeal walls. It 
has the shape of an inverted pyramid, and its boundar- 
ies include the skull superiorly, pterygomandibular raphe 
anteriorly, prevertebral fascia posteriorly, and the pharynx 
medially. The lateral boundary is the most complex and is 
formed by the fascia overlying the medial pterygoid mus- 
cle, a portion of the mandible, deep lobe of the parotid, 
and the posterior belly of the digastric muscle. This fascia 
extends superiorly, incorporating the stylomandibular liga- 
ment, and fuses with the strong interpterygoid fascia to 
attach to the skull base in a line passing medial to the fora- 
men ovale and spinosum. It also separates the parapha- 
ryngeal space from the infratemporal fossa and masticator 
space and places the trigeminal nerve within the latter (3). 
The parapharyngeal space can be further divided by a layer 
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Oropharynx 


Figure 121.1 Surface anatomy of the oro- 
pharynx. 


of fascia running from the tensor veli palatini muscle to the 
styloid and its related structures into two compartments. 
The prestyloid compartment contains fat, variable portions 
of the deep lobe of the parotid, and a small branch of the 
trigeminal nerve to the tensor veli palatini. The poststyloid 
compartment contains the carotid artery, jugular vein, cra- 
nial nerves IX to XII, sympathetic chain, and lymph nodes. 
There are multiple aspects of oropharyngeal anatomy 
that are clinically important. The irregular surfaces of the 
tongue base and the tonsils make it difficult to identify 
small tumors. The vagus and glossopharyngeal nerves have 
tympanic and auricular branches (Jacobson and Arnold 
nerves), which cause the referred otalgia associated with 
tumors of this area. The retropharyngeal and parapharyn- 
geal spaces also serve as potential routes for cancer spread. 
Surgical margins may be difficult to achieve in some 
patients because oropharyngeal structures lack natural 
boundaries. Tumors that involve the palate or tonsillar pil- 
lar may invade or encase bone of the mandible or maxilla. 
Involvement of the muscles of mastication results in pain 
and trismus. Base of tongue tumors may spread in all direc- 
tions to involve larynx, palatine tonsil, or oral tongue. 


PHYSIOLOGY 


The oropharynx is essential for normal speech production, 
respiration, and deglutition. These highly coordinated func- 
tions require intact sensory and motor input and intact struc- 
tures. A detailed understanding of these coordinated events 
is crucial. All treatment modalities may result in dysfunction. 

Deglutition is the most complex of these functions and 
can be divided into four phases: (a) oral preparatory, (b) 
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oral, (c) pharyngeal, and (d) esophageal. The oropharynx 
plays an important role in the first three phases. The soft 
palate is pulled forward while the tongue base is slightly ele- 
vated during both oral phases to prevent food from spilling 
prematurely into the pharynx. The food bolus at the end of 
the oral phase is propelled between the tongue and palate, 
past the tongue base and faucial arches, triggering the pha- 
ryngeal phase. This phase culminates with the propulsion 
of the food bolus into the esophagus through the following 
events: (a) velopharyngeal closure, (b) elevation and closure 
of the larynx, (c) contraction of the pharyngeal muscles and 
retraction of the tongue base, and (d) opening of the cri- 
copharyngeal region. The major driving force of the bolus 
through the pharyngeal phase is the pressure developed by 
the tongue base; pharyngeal contraction and peristalsis serve 
mostly to clear the residual material present at the end (4). 

Extirpative surgery of the oropharynx may result in poor 
speech production, dysphagia, and aspiration. This may be 
a result of velopharyngeal incompetence, pharyngeal steno- 
sis, inappropriate functioning of the tongue base tethering 
or volume reduction, decreased pharyngeal contraction, 
sensory denervation, and delayed triggering of the pharyn- 
geal swallow because of decreased sensation. Avoidance of 
these undesirable sequelae may be mitigated with proper 
patient selection for surgery, appropriate reconstruction, 
and vigorous rehabilitation. Use of tissue sparing such as 
intensity-modulated radiation therapy (IMRT) radiation 
techniques and less toxic regimens may be appropriate in 
some cases. Evaluation of speech and swallowing should 
occur before, during, and after treatment to allow for the 
best outcomes and quality of life (5). 


ETIOLOGY 


SCC of the head and neck is known to arise from the accu- 
mulation of multiple genetic alterations to genes impor- 
tant to the regulation of cellular growth and death. These 
alterations, which may be inherited but are more often 
acquired from exposure to environmental agents, provide 
the cell with a selective growth advantage. The cells then 
undergo further selection, which eventually results in a 
clone that overcomes the normal growth controls and host 
defenses to establish the tumor (6). 

Multiple environmental factors are associated with SCC 
of the oropharynx. Historically the most important was 
exposure to tobacco and alcohol. Heavy tobacco users have 
a 5- to 25-fold higher risk of developing head and neck 
cancer than nonsmokers (7). The effect of these agents is 
dose related, and concurrent exposure is synergistic, result- 
ing in a risk that is greater than the sums of the risks of 
either one alone (8). The relative risk of developing can- 
cer increases from 2.7 in those who smoke up to 10 cig- 
arettes per day to 9 in those who smoke 1 pack per day. 
The relative risk also increases with an increase in alcohol 
consumption; the relative risk rises to 8.8 in those who 
consume 30 or more drinks per week compared to 1.2 in 


those who consume 1 to 4 drinks per week. The combina- 
tion of smoking and drinking has a greater than additive 
effect as mentioned earlier; a person who has greater than 
a 40-pack-year history of smoking who consumes 5 alco- 
holic drinks per day has a relative risk of 40 (9,10). 

Viruses have been shown to be a probable etiologic 
agent in development of SCC. The most extensively studied 
virus is the human papillomavirus (HPV) (11). In a study 
by Kerimer et al., a systematic review of 5,046 head and 
neck SCC specimens from 60 studies worldwide was per- 
formed to determine the worldwide prevalence and types 
of HPV in head and neck cancer (11). The overall preva- 
lence of HPV was 25.9%: 35.6% in oropharyngeal SCC, 
23.5% in oral cavity SCC, and 24.0% in laryngeal SCC. 
HPV 16 was the most common type detected: It accounted 
for 30.9% of oropharyngeal SCC, 16% of oral cavity SCC, 
and 16.6% of laryngeal SCC. HPV-positive tumors are 
more likely to originate in the oropharynx, to be poorly 
differentiated, have basaloid features, and present with a 
lower T stage than HPV-negative tumors. Prognosis and 
response to treatment are strongly associated with HPV sta- 
tus, and those who are positive appear to be more respon- 
sive to treatment and thus have a survival advantage (12). 

Individuals with HPV-positive tumors have differ- 
ent risk factors than those who are HPV negative. HPV- 
positive SCC’s were independently associated with sexual 
behavior and marijuana use but not with tobacco or alco- 
hol use or poor oral hygiene. On the other hand, those 
tumors that were HPV negative were associated with heavy 
alcohol and tobacco use and poor oral hygiene, but not 
sexual behavior or marijuana use (13). D’Souza et al. (14) 
found that oral HPV infection is strongly associated with 
oropharyngeal SCC among those with or without estab- 
lished risk factors of alcohol and tobacco use. In addition, 
Mork et al. (15) found a 14-fold increase in risk of devel- 
oping oropharyngeal SCC in those who are seropositive 
for PGY 16. Oropharyngeal tumors should be tested for 
HPV 16 status. 

Dietary factors such as vitamin deficiency (Vitamin A, 
iron deficiency of Plummer-Vinson syndrome), poor nutri- 
tion, poor oral hygiene, syphilis, occupational exposure, 
and previous irradiation also have been implicated as etio- 
logic agents; however, evidence is limited overshadowed by 
the evidence supporting the carcinogenic effects of tobacco 
and alcohol. 

Immunosuppression due to heredity, transplantation, 
or human immunodeficiency virus (16,17) may accelerate 
the development of SCC, lymphoma, and other tumors of 
the oropharynx by impairing normal immune surveillance 
mechanisms. 


HISTOPATHOLOGY 


The oropharynx consists of different types of epithelium 
pending on the subsite. The oropharyngeal epithelium 
arises from stratified squamous epithelium and transitions 


where the soft palate contacts the posterior pharyngeal 
wall (Passavant ridge) into ciliated respiratory epithelium 
of the nasopharynx. 

Minor salivary glands can be found in the soft palate, 
tonsillar pillars, and lingual tonsils, and therefore, tumors 
of minor salivary gland origin can be found in these places. 
Lymphoepithelium can be found in the subsites that form 
Waldeyer ring (nasopharynx, palliative tonsils, and tongue 
base). 

Premalignant lesions occur in the oropharynx; however, 
they are rarely recognized. Lesions are seen most com- 
monly on the soft palate and anterior tonsillar pillars and 
include leukoplakia (white plaque lesion), erythroplakia 
(sharply demarcated red lesion), and lichen planus (white, 
lacy lesion). Diagnosis requires biopsy. 

SCC (keratinizing and nonkeratinizing) and its variants 
account for more than 90% of malignant oropharyngeal 
lesions. The spindle cell variant is clinically and biologi- 
cally similar to SCC, whereas others behave differently. 
Basaloid appearance of SCC may be an indication of HPV- 
positive status (12). 

Verrucous carcinoma is a fungating, slow-growing 
tumor with well-differentiated keratinizing epithelium and 
rare cellular atypia or mitosis on histology. These tumors 
have “pushing” margins. They rarely metastasize and are 
considered a low-grade malignancy. Lymphoepitheliomas 
arise from Waldeyer ring. This tumor is nonkeratinizing 
and is similar in behavior to the undifferentiated type of 
nasopharyngeal carcinoma. These lesions usually occur 
in the tonsillar region of young adults that do not have 
typical risk factors. Lymphoma may occur in Waldeyer ring 
(usually non-Hodgkin lymphoma). Minor salivary gland 
tumors, mucosal melanomas, and sarcomas are other 
malignant lesions found in the oropharynx. 

Minor salivary gland malignancies are relatively rare. 
The most common types include adenoid cystic carci- 
noma, mucoepidermoid carcinoma, and adenosquamous 
carcinoma. These tumors are treated with primary surgi- 
cal excision and postoperative radiotherapy depending on 
high-risk features (perineural invasion, close or positive 
margins, nodal metastases, high-grade disease). 


Palpable Nodes at 


Site Presentation (%) 
Base of tongue 72 
Tonsillar region 58 
Soft palate 45 
Posterior wall 52 
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Some benign lesions, such as minor salivary gland 
tumors, pseudoepitheliomatous hyperplasia, necrotizing 
sialometaplasias, Crohn disease, papillomas, pyogenic 
granulomas, and median rhomboid glossitis, may clini- 
cally mimic malignant lesions. Biopsy is usually required 
to distinguish among these entities. 


NATURAL HISTORY 


Prolonged exposure of the upper aerodigestive surfaces 
to carcinogens results in molecular changes throughout 
the mucosa. With time, certain areas may undergo further 
change, giving rise to premalignant and malignant lesions. 
This concept of “field cancerization” or “condemned 
mucosa” applies to all mucosal head and neck cancers and 
results in the high rates of second primaries in patients 
with oropharyngeal cancer (18) (Table 121.1). 

SCC usually starts on the surface. Invasion of vessels and 
thick fascia such as the prevertebral fascia or periosteum is 
uncommon until late stages, but perineural invasion may 
occur at any time. Bone involvement is also rare, occurring 
in only 17% of the lesions (19). Invasion into the para- 
pharyngeal and retropharyngeal spaces allows easy spread 
to the skull base and neck with possible involvement of 
the internal carotid artery, cranial nerves IX through XII, 
and the sympathetic chain. Invasion of the masticator and 
infratemporal spaces results in trismus. 

Lymphatic metastases at presentation are common 
because the oropharynx is richly supplied with lymphatics 
and the tumors are generally advanced (20) (Table 121.1). 
Tumors of the oropharynx may be remarkably asymp- 
tomatic. Symptoms of sore throat, otalgia, and dysphagia 
are commonly misinterpreted or overlooked. For many 
patients, the first acknowledged observation is the presence 
of a cervical metastasis. 

Oropharyngeal cancer tends to metastasize early. The 
first echelon nodes are level Il, Ill, or retropharyngeal. 
Metastasis may be altered by obstruction of the lymphatic 
channels caused by inflammation, previous surgery, radia- 
tion, or large metastatic deposits. Oropharyngeal cancers 
have a tendency to metastasize to both necks, especially if 


THE INCIDENCE OF NODAL DISEASE AT PRESENTATION, 
44x) SECOND PRIMARIES, AND DISTANT METASTASIS 


Second Distant 
Primary (%)? Metastasis? (%) 
19 18 
25 15 
26 15 

29 11 


alncidence of synchronous and metachronous second primaries. 
®Incidence of distant metastasis with control above the clavicles. 


1902 Section VII: Head and Neck Surgery 


the lesion is midline. The rate of occult neck metastases 
in the clinically negative neck is estimated at greater than 
20% for all lesions larger than T1. 

Distant metastases are rare at presentation, occurring 
in 2% to 5% of patients, but with control of the disease 
above the clavicles, the incidence of overt distant metasta- 
sis increases (18,21) (Table 121.1). The most common sites 
affected by distant metastases are lung, liver, and bones. 


DIAGNOSIS 


History 


A complete history, including a review of systems and past 
medical, social, and family history, is essential in planning 
the proper therapy. Patients with oropharyngeal cancer 
often have very subtle symptoms such as nonspecific sore 
throat or unilateral otalgia. Hemoptysis may occur but is 
relatively uncommon. Frequently the first time a patient 
presents is because of a neck mass. A history of tobacco 
use is not required to be suspicious. The prevalence of HPV- 
related cancer in patients who are younger nonsmokers has 
dramatically modified the profile. The physician must be 
alert to the asymptomatic patient who demonstrates a cervi- 
cal cyst, which may be found to be a cystic metastasis (22). 


Physical Examination 


A complete physical and a thorough head and neck exami- 
nation should be routinely performed on all patients. 
Systematic visualization of all the mucosal surfaces of the 
upper aerodigestive tract is essential due to the field cancer- 
ization phenomenon. This examination is greatly facilitated 
by the use of a fiberoptic nasopharyngolaryngoscope, espe- 
cially in patients with trismus. The mandibular opening and 
cranial nerve function are also examined, with cranial nerve 
deficits indicating extension into the mandible, parapharyn- 
geal, or masticator spaces. Palpation of the primary tumor is 
always performed in order to judge the extent of submucosal 
spread. All nodal levels of the neck are systematically evalu- 
ated, and size, location, and mobility of these nodes are doc- 
umented. Dentition is also assessed because restoration or 
extraction may be required before initiation of treatment. The 
remainder of the physical exam is performed with emphasis 
on the cardiopulmonary and nutritional status of the patient. 


Further Evaluation 


The extent of the tumor, neck metastasis, distant metas- 
tasis, and the medical condition of the patient should be 
assessed completely before a treatment plan is devised or 
implemented (Table 121.2). In patients with biopsy-proven 
cancer, positron emission tomography (PET)/computed 
tomography (CT) has largely replaced other modalities in 
offering whole body evaluation, which can alert the treat- 
ment team to metastasis and synchronous cancers. In 


TABLE N DIAGNOSIS 


OROPHARYNGEAL CANCER 


121.2 


1. History 
Alcohol and tobacco abuse 
Pain and dysphagia 
2. Physical 
Nodal enlargement 
Trismus 
Cranial nerve deficits 
3. Biopsy of the primary lesion and fine-needle aspiration of 
enlarged nodes 
4. Imaging studies 
PET/CT—for Stages III and IV 
Chest radiograph—if not evaluated by CT or PET/CT 
CT scan/MRI—to evaluate bone and deep invasion 
5. Laboratory studies 
Complete blood count and chemistry 
Liver function tests 
ECG 
6. Examination under anesthesia 
Look for second primaries 
Assessment of submucosal spread, mandibular invasion, and 
tumor fixation 


patients with cystic neck metastasis, PET scan can be helpful 
in detecting the occult primary tumor, which is usually 
found in the tonsils or base of tongue. Most oncologists 
employ PET/CT to evaluate patients with stage III/IV disease. 
CT with iodine contrast and/or magnetic resonance 
imaging (MRI) with gadolinium may be employed dur- 
ing the diagnostic workup before a histologic diagnosis is 
established. A fine-cut CT may be needed for evaluating 
bony structures such as mandibular invasion. MRI is best 
at evaluating soft tissue involvement, such as the tongue 
base, parapharyngeal space, or prevertebral fascia. 
Special tests: 


a. Barium swallow is performed on patients with dyspha- 
gia. The barium study may alert the treatment team 
to a synchronous primary in the esophagus. Also, the 
movement of the posterior wall on the cervical spine 
observed during fluoroscopy is an indication that the 
prevertebral fascia is not involved by tumors of the pos- 
terior pharyngeal wall. 

b. Angiography with the balloon test occlusion and cere- 
bral blood flow evaluation should be considered if the 
tumor involves the carotid and resection is contem- 
plated. 

c. Speech and swallowing evaluation including a modi- 
fied barium swallow. Patients should be evaluated 
before, during, and after treatment in order to achieve 
the best functional results (5,23). 

d. Laboratory evaluation of oropharyngeal cancer patients 
includes a complete blood count, blood chemistry, liver 
function tests, and an electrocardiogram. Thyroid func- 
tion and nutritional evaluation may be included in this. 


Tissue diagnosis is obtained with fine-needle aspiration 
(FNA) of enlarged nodes and/or biopsy of the oropha- 
ryngeal lesion. This can usually be performed in the office 
or clinic, but biopsy under general anesthesia should be 
reserved for patients with trismus, tenuous airway, or 
lesions that are not accessible transorally. FNA may need 
to be performed with ultrasound guidance especially in 
patients with cystic masses in order to obtain sufficient epi- 
thelial cells to make a diagnosis (22). 


Staging Endoscopy 

Patients with epithelial primary tumors should undergo 
examination under anesthesia irrespective of the size of the 
tumor or the adequacy of the initial assessment. Complete 
visualization and palpation of the tumor greatly facilitate 
the assessment of submucosal spread and invasion of sur- 
rounding structures such as the prevertebral fascia and 
mandible, especially in patients with trismus. A thorough 
search for a synchronous second primary tumor, which 
occurs in approximately 8% of patients (15), is conducted 
via systematic examination of the upper aerodigestive tract 
and esophagus. Bronchoscopy is optional in patients with 
normal chest radiographs (16), but we usually perform a 
tracheobronchoscopy in patients who have not undergone 
a PET scan, because small lesions in the trachea or hilum 
are not readily seen on routine radiographs. Biopsies 
are performed at the end of the endoscopy to allow the 
examination to proceed unhindered by bleeding from 
the biopsy site. If lymphoma is suspected, the pathologist 
should be notified in advance, and an adequate sample of 
tissue is submitted fresh to allow for receptor typing. The 
teeth are evaluated and restored or extracted as needed 
at the end of the procedure. The findings of endoscopy 
and tumor mapping are then recorded and the patient is 
staged. Table 121.2 shows the tumor staging for the oro- 
pharynx. Many patients with oropharyngeal cancer present 
initially with an unknown primary with a cervical metas- 
tasis. Panendoscopy is crucial in these patients, and bilat- 
eral tonsillectomy and bilateral biopsies of the base of the 
tongue and nasopharynx are recommended if the primary 
tumor is not found. Recently authors have demonstrated 
the potential value of transoral tongue base resection in 
patients with occult HPV cervical metastasis (24). The neck 
staging and stage groupings are the same as other sites of 
the head and neck (Table 121.3). 


TREATMENT 


The treatment of oropharyngeal cancers, especially for 
patients with advanced tumors and those involving the base 
of the tongue, has evolved dramatically in the past decade. 
The initial shift away from primary surgery to “organ pres- 
ervation” strategies employing CRT was reflective of the suc- 
cess of CRT in avoidance of laryngectomy in patients with 
laryngeal cancer. The community of head and neck oncolo- 
gists seemed anxious to avoid the significant functional 
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TUMOR (T) STAGING FOR THE 
\4) OROPHARYNX 


Stage Description 

Tx Carcinoma in situ 

T1 Tumor 2 cm or less in greatest dimension 

T2 2-4 cm in greatest dimension 

T3 >4 cm in greatest dimension 

T4a Tumor invades the larynx, deep/extrinsic muscles of the 
tongue, medial pterygoid, hard palate, or mandible 

T4b Tumor invades lateral pterygoid muscle, pterygoid 


plates, lateral nasopharynx, or skull base, or encases 
carotid artery 


Greene FL, Page DL, Fleming ID, et al. AJCC cancer staging manual, 
6th ed. New York: Springer, 2010. 


morbidity of open surgical approaches to the oropharynx. 
Unfortunately, the initial enthusiasm for nonoperative 
primary therapy has been tempered by the high rate of 
treatment related toxicity associated with CRT (25). These 
dilemmas are not resolved at the time of this writing. Recent 
advances in minimally invasive transoral surgery of the oro- 
pharynx offer the potential for enhanced functional results. 

The treatment of oropharyngeal cancer is complex and 
requires a multidisciplinary team approach, which offers 
the patient the best opportunity for a comprehensive treat- 
ment plan. This team includes a head and neck surgeon, 
reconstructive surgeon, radiation oncologist, medical 
oncologist, dental oncologist, prosthodontist, and speech 
and language pathologist. The surgeon must consider an 
array of factors when deciding on the optimal treatment 
regimen for the individual patient. These include the type 
of treatment needed for the primary tumor and the neck, 
the modality best suited for functional preservation or 
restoration, the general medical condition of the patient, 
and, most importantly, the patient's preferences. The avail- 
ability of facilities, expertise, and social support also play 
a role (Table 121.4). All patients should be counseled and 
aided in cessation of smoking and alcohol consumption at 
the time of diagnosis. While the relationship of HPV with 
these tumors is generally accepted, little is known about 
the potential of transmission at the time of diagnosis. 


Squamous Cell Carcinoma 


Surgery and radiation therapy, alone or combined, have 
been the mainstays of treatment for squamous cell oro- 
pharyngeal cancer, but the treatment paradigm regard- 
ing advanced disease has changed over the past several 
years. Early-stage oropharyngeal cancer can be successfully 
treated with radiotherapy (26), and concurrent chemora- 
diation is the standard of care for advanced cancers, both 
resectable and nonresectable (27). Further details of non- 
surgical treatment are discussed in Chapters 110 and 111. 
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TABLE R TREATMENT 
.@ OROPHARYNGEAL CANCER 


121.4 


1. Team approach 
2. Primary tumor treatment 
a. T1 and T2: single modality surgery or radiation 
b. T3 and T4: combined modality (chemoradiation or surgery 
and postoperative radiation) 
3. Neck treatment 
a. NO and N1: surgery or radiation 
b. N2 and N3: combined modality (surgery and postoperative 
chemoradiation or chemoradiation) 
. Both sides of neck are treated with midline lesions 
d. Retropharyngeal nodes are always treated when cervical 
nodes are treated 


fa) 


Those patients with HPV-negative tumors and direct man- 
dibular invasion may be better served with primary surgery. 
Similarly the availability of minimally invasive transoral 
resection techniques, either laser or robotic, offers the 
potential to cure patients with small tumors with surgery 
alone (28). Surgical resection also may afford the treat- 
ment team an opportunity to deintensify chemoradiation 
and further limit treatment related toxicity. The potential 
merits of this approach are being evaluated in many cen- 
ters, but Level I evidence is not available at the time of this 
writing. 

PET-CT is widely advocated at 12 weeks post-CRT to 
assess for residual disease. Intraoperative assessment with 
biopsies and/or neck dissection are performed if residual 
tumor persists. 


Primary Tumor 

Surgery and radiation alone are similar in controlling 
Tl and T2 oropharyngeal cancers. The high incidence of 
occult clinical metastatic deposits mandates the neck be 
treated electively with either modality in all patients except 
those with very small primary tumors. In patients who 
undergo primary surgery, the indications for postoperative 
radiotherapy (+ chemotherapy) are listed in Table 121.5 
(29,30). The decision to treat even the smallest oropha- 
ryngeal primary with surgery alone must be based upon 
favorable histologic findings. Stage T3 and T4 tumors can 
be controlled with surgery and postoperative radiation, but 
concurrent chemoradiation or hyperfractionated radio- 
therapy is now considered standard of care especially for 
patients who are HPV positive and for those in whom the 
morbidity from surgery is deemed too high to tolerate or 
in whom the regain of function is unlikely. 


Neck 

Almost all patients with oropharyngeal SCC require some 
treatment of the neck because of the high rate of clinically 
positive nodes and occult nodal metastasis at presenta- 
tion. The choice of initial treatment modality (surgery 


WA 5) INDICATIONS FOR POSTOPERATIVE 


RADIATION (+ CHEMO) 


121.5 


Tumor factors 
1. Close or involved resection margins 
2. Perineural or vascular invasion 
3. T3 
4. T4 


Neck factors 

1. Clinically NO or N1 neck 
a. Two or more histologically positive nodes 
b. Histologically positive nodes at multiple sites 
c. Perineural or vascular invasion 
d. Extracapsular nodal spread 

2. N2 

3. N3 


or radiation) for the neck and retropharyngeal nodes is 
usually dictated by that used for the primary tumor. Stage 
NO and N1 neck disease are effectively controlled with a 
single modality. Neck dissection has the added benefit of 
providing pathologic staging and may allow single modal- 
ity surgery to be used for small primaries. The use of selec- 
tive neck dissection in ruling out regional spread following 
transoral excision of the primary is not as reliable in oro- 
pharyngeal cancer as in oral cancer. This is due to the less 
predictable lymphatic pathways and the increased diffi- 
culty accessing the retropharyngeal nodes. For this reason, 
radiotherapy is often used even when the primary is treated 
surgically. Following combined chemoradiation surgery 
results in better regional control in stage N2 and N3 neck 
disease (31). Both necks should be treated when there is 
clinical disease in one side of the neck, and the lesion is 
midline or crosses the midline. The retropharyngeal lymph 
nodes (RPLNs) must always be considered in the neck 
treatment plan. 

A recent study evaluated the pattern of cervical lymph 
node metastasis including RPLN metastasis in 76 patients 
presenting with SCC of the tonsil. 81.6% were stages III and 
IV. Sixteen patients were treated with surgery only. Seventy- 
one therapeutic and twenty-seven elective neck dissections 
were performed. Thirty-four patients underwent RPLN 
dissection. The rate of contralateral occult metastasis was 
28.6%, and the rate of RPLN metastasis was 26.5%. The 
predictors of contralateral metastasis were stages T3-T4 
disease, lesions close to the midline, and ipsilateral multi- 
level involvement. The predictors of RPLN metastasis were 
positive preoperative imaging, posterior pharyngeal wall 
invasion, more than N2 stage, contralateral nodal metasta- 
sis, or ipsilateral multilevel involvement. The authors rec- 
ommend that an elective RPLN dissection be considered 
in patients with advanced T and N stage, particularly for 
tumors with posterior pharyngeal wall involvement (32). 
Although these authors did not discuss function, severe 
dysphagia can result due to disruption of the pharyngeal 


plexus when dissecting RPLN’s. In a previous study, Tauzin 
et al. (33) also found that RPLN metastasis was associated 
with advanced T and N stage. Tonsil was the primary site 
(82%) of those with RPLN metastasis. This is probably pri- 
marily reflective of the fact that tonsil cancers are far more 
common than posterior wall tumor. They also concluded 
that pretreatment PET/CT can be used as a single tool to 
aid in planning treatment of the neck in oropharyngeal 
tumors as their results were consistent with those reported 
in the literature. They suggest that pretreatment PET/CT 
may identify a subset of patients who can be treated with 
surgery only, negating the need for radiation therapy for 
treatment of the RPLN’s in early-stage disease. 


Nonsurgical Management 


Nonsurgical management consists of radiotherapy with 
or without concurrent chemotherapy. Most chemotherapy 
regimens are based on platinum agents. The radiation 
course usually consists of delivering a dose of 60 to 70 Gy 
through an external-beam shrinking field to the primary 
lesion and necks over a 6- to 7-week period. Other strate- 
gies, such as brachytherapy, hyperfractionation, and elec- 
tron boost to the neck, are used in some centers to enhance 
the effectiveness of radiation therapy in more advanced 
lesions. Radiation is typically delivered using IMRT 
(34,35). Patients treated nonsurgically should be evaluated 
using a posttreatment PET/CT to determine response at 8 to 
12 weeks after completion of therapy. Patients who pre- 
sented with N2 and N3 disease should undergo a neck 
dissection (36) if PEI/CT-positive disease persists. If a 
complete clinical response is obtained, there are data to 
support a watchful waiting approach as this usually pre- 
dicts a complete tumor control (37). 


Surgery 


Primary Tumor 

Most oropharyngeal tumors are amenable to surgical exci- 
sion; however, the best evidence suggests that CRT offers 
similar tumor control when compared to surgery and 
radiation. This is especially true for patients with advanced 
tumors because of poor disease control and the severe func- 
tional impairment associated with resection of these large 
tumors. This is true when tumor involves more than 1/2 of 
the tongue base extends to the oral tongue, or extends to 
the larynx. Extension into the parapharyngeal space, pre- 
vertebral fascia, or involvement of the carotid artery makes 
tumor control unlikely. Successful extirpation of oropha- 
ryngeal cancers hinges on good exposure and wide resec- 
tion margins (1 to 2 cm), because these tumors have the 
propensity for submucosal spread; frozen-section clearance 
obtained of all the margins is needed. Patients with micro- 
scopically positive margins that are found intraopera- 
tively or postoperatively after the permanent sections are 
examined should undergo 1-cm resection of the involved 
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margin if possible and adjuvant radiation therapy. The use 
of robotics and transoral laser microsurgical resection is 
currently under investigation. The potential that minimally 
invasive resection can offer some patients single modality 
tumor control and de-intensification of adjuvant CRT, bet- 
ter functional recovery may result. This is the topic of ongo- 
ing clinical trials. 


Surgical Approaches 


Transoral 

The transoral approach to the oropharynx involves resec- 
tion of the tumor through the open mouth with no external 
incisions. Caution should be exercised before recommend- 
ing this approach because it provides limited exposure. It 
may be indicated for small (T1), superficial, or exophytic 
cancers of the upper or anterior sites of the oropharynx, 
such as lesions of the soft palate, anterior tonsillar pillar, 
tonsil, and posterior wall. The surgeon must ensure that 
there is good visualization of not only the entire tumor but 
a 1- to 2-cm resection perimeter surrounding it on all sides, 
including the deep margin. Trismus, height of the mandi- 
ble, and presence of teeth may further hinder visualization, 
making adequate resection almost impossible. Resections 
through this approach are quick and have minimal mor- 
bidity, but visualization of the posterior and deep resection 
margins tends to be very poor. 

For tumors that are difficult to access, transoral micro- 
surgical approaches using the CO, laser can be a valuable 
tool. Although tumors of the soft palate and tonsil may be 
removed with cautery, the laser is more precise. The CO, 
laser and microscope may be used to resect tumors that are 
otherwise difficult to access transorally including such as 
those involving the lateral and posterior pharyngeal walls, 
posterior tongue base, and vallecula. Good local control 
rates and functional results have been obtained. Steiner et 
al. (38) reported the use of transoral laser microsurgery for 
resection of tongue base tumors (n = 48) with 94% belong- 
ing to stages III and IVa. Forty-three patients underwent 
selective neck dissections and twenty-three patients under- 
went postoperative radiotherapy with or without chemo- 
therapy. There was no local recurrence rate for T1 and T2 
lesions but a 20% local recurrence rate for T3 and T4 tumors, 
with a 5-year disease-free survival rate of 73%. Function 
was preserved in the majority of patients. Laccourreye and 
colleagues reported a 5-year local control rate of 82% in 
patients with tonsillar cancer undergoing transoral laser 
microsurgery. The 5-year local control rate was 89% for T1 
and T2 tumors and 63% with T3 lesions (39). 


Transoral Robotic Surgery 


The use of the robot has allowed the surgeon to manipu- 
late the instruments and endoscopes simultaneously with 
improved dexterity by allowing more degrees of freedom 
(40). The advantages of transoral robotic surgery (TORS) 
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include improved optics, three-dimensional tumor visu- 
alization, and tremor filtration. Due to these advantages 
TORS is gaining popularity. In order to determine if the 
patient’s anatomy is accessible to the use of any transoral 
approach, access should be evaluated and include evalua- 
tion of teeth/mandible, trismus, tori, tongue, size, and flex- 
ibility of the neck and tumor extent (28). 

TORS has been used successfully for the resection of 
tongue base and tonsillar tumors (41,42). In a study by 
O’Malley et al., three patients with T1/T2 base of tongue 
tumors underwent successful TORS with clear margins 
and post-TORS neck dissection. One patient experienced 
a postoperative bleed, which was controlled with surgical 
intervention. All three patients were treated with adjuvant 
therapy. In another study, 27 patients with T1-3, NO-2 
tumors were resected using TORS and underwent post- 
TORS neck dissection. Seventy-five percent of these tumors 
were T1-2. Thirty percent (8/27) required an additional 
unplanned operation and functional outcomes were good. 
TORS has also been shown to be a safe alternative to open 
salvage resection for selected tumors (43). 

The oncologic benefit for TORS is still unclear. Many 
patients in the studies mentioned above required post- 
operative radiation therapy or chemoradiation therapy. 
Considering the fact that many patients with oropharyngeal 
tumors are treated successfully with primary radiation with 
or without chemotherapy, the additional benefit of surgery 
is unknown. Transoral approaches may be best suited for 
treatment of small primary tumors. For instance, patients 
with T1-2 NO-1 tumor may be considered for surgical 


therapy employed as a single modality. The potential to 
deintensify adjuvant therapies in advanced cancer may 
serve as a motive for surgical resection. Additional follow- 
up regarding oncologic and functional outcomes is needed 
to determine the utility of these novel approaches. 


Open Procedures 


The major open procedures were developed during a time 
when surgery was the primary mode of therapy for most 
patients. These procedures have been largely obsoleted as pri- 
mary therapy because of the success of CRT and minimally 
invasive transoral surgical approaches. Open approaches 
may still be required in patients who are HPV negative and 
in very advanced cancer with bone involvement. Open 
approaches may be needed for salvage of CRT failures. 


Mandibular Lingual Release 

The mandibular lingual release or pull-through approach 
to the oropharynx is indicated for lesions confined mostly 
to the base of the tongue. The technique involves a standard 
apron flap elevated in the subplatysmal plane to the lower 
border of the mandible. Neck dissections are performed as 
needed. An incision is made through the lingual mucoperi- 
osteum and the periosteum at the lower edge of the man- 
dible (Fig. 121.2A). The anterior mandibular muscles are 
released with the periosteum from the inner mandibular 
table, delivering the tongue and floor of mouth into the 
neck. The lesion can then be resected with excellent direct 
visualization (Fig. 121.2B). This approach does not require 
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Figure 121.2 Mandibular lingual release. A: An incision is made through the lingual mucoperios- 
teum and the periosteum at the lower edge of the mandible. B: The anterior mandibular muscles 
are released with the periosteum from the inner mandibular table, delivering the tongue and floor 
of mouth into the neck. 


mandibulotomy or a lower lip split, but it offers less access 
to the lateral pharynx and parapharyngeal spaces than the 
transmandibular approaches. The lingual arteries, lingual 
nerves, and hypoglossal nerves are also at risk for damage. 


Transpharyngeal Approaches 


Suprahyoid Pharyngotomy 

The suprahyoid approach is useful for small tumors of 
the base of the tongue and pharyngeal walls. The phar- 
ynx is entered through the vallecula, and the resection 
is performed from the neck with preservation of the lin- 
gual arteries and the hypoglossal nerves (Fig. 121.3). The 
pharyngotomy also can be extended laterally and infe- 
riorly along the thyroid ala to widen the exposure. This 
approach results in an excellent functional and cosmetic 
outcome, but the visualization of the superior margin in 
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larger tumors is inadequate, and there is a risk of cutting 
into cancer if there is extensive involvement of the tongue 
base or vallecula. Following resection, the remaining base 
of tongue is sutured to the valleculae. The remainder of the 
pharyngotomy defect is then closed. This open technique 
places the lingual arteries, hypoglossal, and superior laryn- 
geal nerves at risk. 


Lateral Pharyngotomy 

The lateral pharyngotomy may be used for small lesions of 
the base of the tongue and pharyngeal walls. The pharynx is 
entered posterior to the thyroid ala on the least affected side. 
The hypoglossal and superior laryngeal nerves are dissected 
and retracted superiorly and inferiorly. Once the pharynx 
has been entered, the larynx is retracted to the opposite 
side, providing a good view of the entire posterior pha- 
ryngeal wall, opposite lateral wall, and base of the tongue 
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Figure 121.3 Suprahyoid pharyngotomy. A: 
Incision above the hyoid through the vallecula 
with exposure of the posterior pharyngeal wall. 
B: Exposure of the tongue base. 
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Figure 121.4 Lateral pharyngotomy. A: Retraction of the 
hypoglossal and superior laryngeal nerves. B: Exposure of 
the lower oropharynx and the hypopharynx. Further superior 
exposure is obtained with lateral mandibulotomy. 


(Fig. 121.4A). Further superior exposure can be achieved 
by extending the pharyngotomy across the vallecula or by 
combining this approach with a lateral mandibulotomy 
(Fig. 121.4B). The disadvantages of this approach are the 
limited superior visualization and the risk of damage to 
the hypoglossal and superior laryngeal nerves. The lateral 
mandibulotomy also results in transection of the inferior 
alveolar nerve resulting in ipsilateral lower lip anesthesia. 


Transmandibular 


Midline Labiomandibular Glossotomy 

The midline labiomandibular glossotomy is rarely used 
today. The approach involves splitting of the lip (44), gin- 
giva, mandible, and anterior tongue in the midline. The 
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incision can be carried through the base of the tongue 
down to the hyoid bone if wide exposure of the poste- 
rior wall is required (Fig. 121.5). Bleeding and neurologic 
deficits are minimal because the hypoglossal nerves and 
lingual arteries are usually not disrupted. However, the 
approach does not provide access to the parapharyngeal 
space or lateral oropharyngeal sites. 


Mandibular Swing Approach 

The mandibular swing approach provides wide exposure 
to the entire oropharynx and allows an en bloc resection of 
the cancer and the draining nodes. It can be used for resect- 
ing a variety of oropharyngeal cancers that do not involve 
the mandible, especially those that include multiple sites 
and the parapharyngeal space. The technique involves a 


standard apron flap elevated in the subplatysmal plane to 
the lower border of the mandible. Neck dissections are per- 
formed as needed, identifying the carotid sheath structures 
and lingual and hypoglossal nerves in the process. The lip 
then is split. Visor flaps to preserve the continuity of the lip 
can be used but require division of both mental nerves and 
result in suboptimal posterior exposure. The osteotomy is 
performed anterior to the mental nerve on the ipsilateral 
side through the site of a missing or extracted tooth. Lateral 
osteotomies that are posterior to the mental foramen are 
not recommended because they result in the division of 
the inferior alveolar nerve and have more limited exposure. 
Prior to the mandibulotomy, compression plates are bent 
and screwed into place on either side of the planned cut. 
A full-thickness soft tissue cut then is made through the 
floor of the mouth and continued posteriorly to the ante- 
rior margin of resection, transecting the lingual nerve if 
needed. The mandibular segments and tongue are dis- 
tracted, exposing the tumor and parapharyngeal space 
(Fig. 121.6). Closure of the soft tissue defect usually 
requires a flap, and the mandible is reapproximated using 
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Figure 121.5 Midline labiomandibular glosso- 
tomy. A: The lip, mandible, and tongue are split in 
midline for a base of tongue lesion. B: Exposure of 
the posterior pharyngeal wall after division of the 
tongue base. 


the previously bent compression plates. These plates are 
flashed prior to replacing them in the “clean” wound. The 
main disadvantage of using this approach is the potential 
sacrifice of the whole hemimandible if unsuspected man- 
dibular involvement that is not amenable to a marginal 
resection is found after the mandibulotomy. This prob- 
lem can be avoided in most cases by careful evaluation at 
endoscopy and review of the imaging modalities. 


Mandibulectomy 

Oropharyngeal composite resection with mandibulectomy 
is used in advanced cancers in which there is overt bony 
invasion or in situations in which mandibular invasion 
cannot be ruled out. Usually, the resection is preceded by a 
neck dissection, leaving the specimen attached to the infe- 
rior border of the angle of the mandible. The lip is divided 
and a cheek flap is developed by performing a full-thickness 
incision through the buccogingival sulcus. The uninvolved 
outer periosteum of the mandible may be left on the 
cheek flap. The anterior mandibular cut is performed well 
clear of the tumor (1 to 2 cm), preserving as much of the 
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Figure 121.6 Mandibular swing approach. A: 
Osteotomy is placed anterior to the mental fora- 
men. B: The full thickness of the floor of the mouth is 
incised. The mandibular segments are then retracted 
laterally, allowing good access to the oropharyngeal 
structures and parapharyngeal space. 


mandibular body as possible, and frozen sections of the 
inferior alveolar nerve are obtained. However, the entire 
mental canal must be resected, placing the mandibular 
body osteotomy anterior to the mental foramen, if there is 
overt mandibular canal invasion or hypesthesia in the infe- 
rior alveolar distribution, or if the nerve is positive on fro- 
zen section, because there is no reliable method of assessing 
bony tumor extension intraoperatively. The cranial man- 
dibular cuts are placed along the ramus, but resection of 
the coronoid process and the condyle may be required with 
extensive tumors. The mandible then is retracted laterally, 
and the remaining tumor cuts are performed (Fig. 121.7). 
The main disadvantage of this approach is the resultant 
functional and cosmetic deficits, especially if the defect is 
closed primarily. Reconstruction using free tissue transfer 
(osteocutaneous flap) is ideal. However, reconstruction of 
the soft tissue defect takes precedence over reconstruction 
of the lateral mandibular defect if both soft tissue and bone 
cannot be reconstructed. However, in order to rehabilitate 


mastication, bony reconstruction with dental implants 
is necessary. Mandibulectomy and mandibulotomy 
approaches compare favorably (45) for tumor control. 


RECONSTRUCTION 


The reconstruction of oropharyngeal cancer defects has 
been revolutionized in the past two decades by the devel- 
opment of pedicled regional myocutaneous flaps and free 
tissue transfer. The objective of modern reconstruction is to 
restore the integrity of the oropharynx and its essential func- 
tions of deglutition, respiration, and speech production. 
Successful reconstruction requires the surgeon to have a 
detailed knowledge of the various reconstructive techniques 
and an understanding of their limitations. A variety of tech- 
niques have been described over the years, but none has 
achieved the ideal reconstruction of replacing the resected 
structure with tissue that matches its form and function. 
The reconstructive capabilities at present are limited to 
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restoration of integrity, bulk, and sensation, but the complex 
motor functions of the oropharynx cannot be duplicated. 
The use of local flaps has decreased significantly in the 
past two decades as a result of the limited amount of tis- 
sue they provide and their inferior functional results when 
compared with regional flaps and free tissue transfer. The 
regional flaps reliably provide abundant well-vascularized 
tissue that can be used for single-stage reconstruction, 
they are easy to harvest, and they do not require micro- 
vascular expertise. Their disadvantages include the limited 
superior reach, bulk, and the significant rate of marginal 
necrosis of the distal skin, especially with pectoralis major 
flaps. They also can rarely be tailored to reconstruct a 
defect that involves multiple sites. The free microvascular 
flaps overcome most deficiencies of the regional flaps and 
have the added advantage of sensory or motor reinnerva- 
tion. The use of free tissue transfer along with conservative 
approaches to the mandible significantly decreases morbid- 
ity and length of hospitalization and results in improved 
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Figure 121.7 Mandibulectomy. A: A cheek flap 
is developed through a full-thickness incision of the 
gingivobuccal sulcus, exposing the mandible. B: The 
mandibular cuts are made well clear of the tumor 
and anterior to the mental foramen if the mandibular 
canal or inferior alveolar nerve is involved with tumor. 
The mandible is then retracted laterally and the soft 
tissue cuts are performed. 


function at a cost comparable with regional myocutaneous 
flaps (46-48). The main disadvantages of free microvascu- 
lar flaps that have prevented them from wide acceptance by 
head and neck surgeons are the prolongation of operative 
time and the need for special expertise. A free skin graft is 
also often a very viable method (48). 

The other component essential for successful reconstruc- 
tion is an intimate understanding of the ablated tissue’s 
functional and cosmetic capacities. The tongue base is the 
structure most important to the function of the oropharynx, 
because it is responsible for pharyngeal closure during the 
oral phase and is the main driving force of the bolus through 
the pharyngeal phase (5). Optimal functional restoration 
requires the presence of at least one intact hypoglossal nerve 
and lingual artery to allow for mobility and survival of the 
remaining tongue. The reconstruction must restore some of 
the bulk, the glossopharyngeal fold, and ensure continued 
mobility of this organ (49,50). The pharyngeal walls help 
generate the pressure needed for appropriate movement of 
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the food bolus and clear material remaining in the pharynx 
after a swallow. The remaining pharynx and the tongue can 
easily compensate for these functions after partial resection 
(51); therefore, a reconstruction that maintains the integrity 
of the pharynx and function of the base of the tongue is 
required. The soft palate is the most important component 
of the velopharyngeal mechanism, which also includes the 
lateral and posterior pharyngeal walls. Restoration of the 
soft palate’s complex dynamic fibromuscular structure is 
not possible, but good velopharyngeal function is obtained 
if the reconstruction allows for the closure of the naso- 
pharynx with swallowing and an opening of no more than 
20 mm? during speech (52). Defects that involve multiple 
sites provide a considerable challenge, and elaborate tech- 
niques often are required to achieve the reconstructive 
objectives because of the different requirements of each 
site. Patients with extensive defects involving most of the 
oropharyngeal walls or tongue base may require laryn- 
geal manipulation (suturing the thyroid ala anteriorly and 
superiorly to the mandible) to prevent chronic aspiration. 
Despite reconstruction, function may be suboptimal. 


Soft Tissue Reconstruction 


Choosing the appropriate reconstruction requires an indi- 
vidualized treatment plan based on careful consideration 
of all pertinent tumor-, defect-, and patient-related factors. 
Generally, the least complex method that restores function 
and form is selected. Sensory reinnervation of the flaps is pre- 
ferred whenever feasible, because pharyngeal function may 
benefit from such a reconstruction. Small defects of the pha- 
ryngeal walls up to 3 cm in largest dimension and those less 
than one-third the volume of the tongue base can be closed 
primarily, reconstructed using a split-thickness skin graft, or 
left to granulate if the defect does not communicate with the 
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Figure 121.8 Reconstruction of the pha- 
ryngeal wall and tongue base with radial fore- 
arm fasciocutaneous flap. The distal flap is 
deepithelialized and rolled on itself to replace 
tongue base volume. The proximal flap is 
folded onto itself and sutured to the remain- 
ing nasal and oral aspects of the soft palate. 
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neck. There are minimal functional deficits with these small 
defects. Larger lesions require some form of reconstruction, 
because primary closure results in poor function due to 
tongue tethering or pharyngeal stenosis. Free fasciocutane- 
ous flaps are well suited for these reconstructions, especially 
when the defect involves multiple sites, such as the pharyn- 
geal wall, soft palate, and tongue base. The thin and pliable 
nature of these flaps is ideal for pharyngeal wall reconstruc- 
tion, and bulk for the tongue base may be obtained by deep- 
ithelializing and burying part of the flap (50) (Fig. 121.8). 
Adequate reconstruction with myocutaneous regional flaps is 
achieved when the defect is mostly base of tongue, but these 
flaps tend to be too bulky for pharyngeal wall or soft pal- 
ate reconstruction, especially when mandibular continuity is 
maintained. In these situations, regional myofascial flaps are 
better suited because of the decreased bulk. It is important to 
remember, however, that only vascularized fat maintains its 
bulk, and following atrophy of these myofascial flaps, there 
may be insufficient bulk to sustain good results. 

Small tumors of the soft palate that can be removed with 
partial-thickness resection and preservation of the poste- 
rior mucosa may be left to granulate with excellent func- 
tional results. Full-thickness defects are best reconstructed 
with fasciocutaneous flaps that are folded onto themselves 
and sutured to the remaining nasal and oral aspects of the 
soft palate (Fig. 121.8). Surgical adhesions are fashioned 
between the neopalate and the posterior pharyngeal wall to 
narrow the adynamic reconstructed segment of the velopha- 
ryngeal complex when the defect involves more than half 
the soft palate. Alternatively, a combination of fasciocuta- 
neous flaps and pharyngeal flaps also can be used (53,54). 
These reconstructions result in immediate and excellent 
function in most cases and may be further augmented with 
a prosthesis if needed after the radiation mucositis resolves. 
The use of prosthetics only is also an option, with good 
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results obtained when the defect involves the total palate, 
movement of the residual velopharyngeal complex exists, 
and the patient has good supporting tissue to anchor the 
palatal device properly (49). The main disadvantage of 
prosthetics is the potential delay in function because defini- 
tive obturation cannot be performed until postoperative 
healing is complete and the acute radiation changes resolve. 
Also, foods can become trapped on the nasal side of the 
prosthesis with foul-smelling debris in the mouth. 


Mandibular Reconstruction 


Oropharyngeal cancers rarely invade the mandible, and with 
the use of mandibular preservation techniques, segmen- 
tal resections are infrequent. Controversy exists regarding 
reconstruction of the lateral mandible; however, to achieve 
the best aesthetic and functional results, this defect should 
be reconstructed. Lateral mandibular defects can be recon- 
structed with bone containing free flaps, but newer genera- 
tion reconstruction plates with soft tissue reconstruction 
have been shown to be an alternative for some patients (55). 


COMPLICATIONS 


Complications related to the management of oropharyn- 
geal cancer patients are the same as those of any head and 
neck cancer patient and are listed in Table 121.6. Surgical 


1. Radiation 

Mucositis 

Xerostomia 

Taste dysfunction 

Dysphagia 

Fibrosis 

Ulceration and tissue necrosis 

Osteoradionecrosis of the mandible 

Hypoglossal palsy 

2. Surgical 
A. Approach related 
Damage to teeth 
Damage to nerves 
Cerebral embolism and carotid artery thrombosis 
B. Resection and reconstruction related 

Hemorrhage 
Wound infection and dehiscence 
Positive resection margin 
Pharyngocutaneous fistula 
Aspiration 
Dysphagia 
Poor speech 
Velopharyngeal incompetence 
Eustachian tube dysfunction 
Nonunion and osteomyelitis of the mandible 
Malocclusion and TMJ dysfunction 
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1. Airway obstruction 
2. Bleeding 
3. Free tissue transfer vascular compromise 


complications are more likely in patients previously treated 
with radiotherapy or chemoradiation. Radiotherapy com- 
plications can be reduced by using IMRT, but caution is 
advised as altered patterns of local recurrence have been 
reported in patients treated with IMRT (56). 


EMERGENCIES 


The most urgent problems that arise in oropharyngeal can- 
cer patients are airway obstruction, bleeding, and free flap 
vascular compromise after reconstruction (Table 121.7). 
Airway obstruction is usually due to large exophytic tumors 
or edema from treatment. Imminent obstruction should 
be managed with a tracheotomy in the operating room 
with an anesthesiologist experienced in fiberoptic intuba- 
tion. Bleeding from the tumor is usually controlled with 
selective cautery or embolization, but surgery with liga- 
tion of the carotid artery or its branches may be required 
in extreme situations. Bleeding from the carotid artery sys- 
tem itself (due to fistula or other wound complications) is 
life threatening, and hemorrhage can be controlled with 
embolization, endovascular stenting, or, as a last resort, 
carotid artery ligation. When free tissue transfer is used 
to reconstruct the surgical defect, any signs of arterial or 
venous compromise require immediate exploration of the 
vessels in an attempt to salvage the failing flap. 


FOLLOW-UP 


Oropharyngeal cancer patients require close obser- 
vation initially to detect recurrences and _ lifelong 


follow-up after to identify second primaries. A general fol- 
low-up schedule after completion of treatment is provided 
in Table 121.8 (25). Chest radiographs, liver enzymes, 


Years Posttreatment Follow-Up 
1st 1-3 mo 
2nd 2-4 mo 
3rd 3-6 mo 
4th and 5th 4-6 mo 
After 5th Every 12 mo 
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and thyroid-stimulating hormone levels are obtained as 
indicated. Many centers now use a schema of serial PET/ 
CT evaluation beginning 2 to 3 months after completion 
of therapy. Concurrent use of chest x-ray and CT seems 
wasteful. Recurrence after a normal post treatment PET/CT 
is unusual. 


PROGNOSIS 


Table 121.9 shows the expected actuarial 5-year survival of 
patients with oropharyngeal cancers (57). As previously 
mentioned, for selected groups, better results have been 
reported. Patients with early-stage cancer die of unrelated 
diseases or second primary tumors, because they are usu- 
ally cured of their index tumor, whereas patients who 
have advanced disease often die of locoregional recur- 
rence or distant metastasis. Patients with advanced dis- 
ease treated with surgery and postoperative radiotherapy 
can be expected to have approximately a 50% 3-year sur- 
vival and greater than 70% local control rate (58). The 
results are very similar with concurrent chemoradiation 
(59). HPV-positive cancers are more effectively controlled. 
HPV-positive patients with tobacco exposure represent an 
intermediate risk population. Clinical trials are seeking to 
optimize results while reducing toxicities. 


NEW AND DEVELOPING TREATMENTS 


The continued discovery of more active chemotherapeu- 
tic and biologic agents such as the monoclonal antibody 
inhibitor and tyrosine kinase inhibitors offers hope for the 
future. Refinement of diagnostic and reconstructive tech- 
niques offers improved cure rates and better function for 
oropharyngeal cancer patients. PET/CT scan has allowed 
detection of occult metastatic disease and persistent disease 
following nonsurgical therapy and may help in the future 
to guide the extent of surgery and the role of adjuvant 
therapy (59). Lymphoscintigraphy and sentinel node map- 
ping and biopsy for oral cancer are now being studied in 
a multicenter cooperative group trial in the United States. 
Preliminary experience also suggests that it may be feasible 
in oropharyngeal carcinomas (60). Properly conducted 
quality of life studies with larger patient numbers will help 
predict functional outcomes for different treatments and 


THE 5-YEAR SURVIVAL 
OF OROPHARYNGEAL CANCER 
PATIENTS BY STAGE 


5-Year Survival (%) 


67 
46 
31 
32 


help determine which patients would be better served with 
a nonsurgical approach (49,54,61). 


m= Cancer of the oropharynx is relatively uncommon; 
however, the incidence is rising primarily attribut- 
able to HPV-related tumor. 

m SCC and its variants account for 90% of primary 
malignant oropharyngeal lesions, whereas lympho- 
mas, minor salivary gland tumors, melanomas, and 
sarcomas make up the rest. 

m The concept of “field cancerization” or “condemned 
mucosa” applies to all mucosal head and neck can- 
cers and is the reason for the high rate of second 
primaries in oropharyngeal cancer patients. 

= The complete visualization and palpation of the tumor 
under general anesthesia greatly facilitate the assess- 
ment of submucosal spread, invasion of surrounding 
structures such as the prevertebral fascia and mandi- 
ble, and identification of second primary tumors. 

= Almost all patients with oropharyngeal squamous 
cell cancers require some treatment of the neck 
because of the high rate of clinically positive nodes 
and occult nodal metastasis at presentation. 

m NO and N1 are usually adequately treated with a sin- 
gle modality, whereas a combined modality results 
in better regional control in N2 and N3 neck dis- 
ease. Treatment often includes both necks and retro- 
pharyngeal nodes. Sentinel node mapping remains 
investigational. 

m Successful extirpation of oropharyngeal cancers 
hinges on good exposure and wide resection mar- 
gins because these tumors have the propensity for 
submucosal spread. Mandibular sparing procedures 
are used whenever possible. 

m= The appropriate reconstruction requires an indi- 
vidualized treatment plan based on careful con- 
sideration of all pertinent tumor-, defect-, and 
patient-related factors. Generally, the least complex 
method that restores function and form is selected. 
If good function cannot be maintained with surgery, 
a nonsurgical approach should be considered. 

m Oropharyngeal cancer patients require close obser- 
vation initially to detect recurrences and lifelong 
follow-up afterward to identify second primary 
tumors. Patients with early-stage cancer die of unre- 
lated diseases or second primary tumors, whereas 
those with advanced disease die of locoregional 
recurrence or distal metastasis. 

= HPV 16 is an independent risk factor for oropharyn- 
geal carcinoma. HPV-positive tumors respond better 
to treatment and appear to have a survival benefit. 
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Hypopharyngeal and 
Cervical Esophageal 


Carcinoma 


Mihir Kiran Bhayani 


Hypopharyngeal and cervical esophageal malignancies are 
rare upper aerodigestive tract cancers that create a treatment 
challenge for head and neck surgeons. Although the hypo- 
pharynx and cervical esophagus are two separate subsites, 
the management of carcinoma in this area is, for the 
most part, similar. These tumors are characterized by mul- 
ticentricity, submucosal spread, and early lymphatic metas- 
tasis. Patients typically present with advanced-stage disease 
and severe malnutrition that requires a multidisciplinary 
approach to their care. This multidisciplinary team must 
consist of the head and neck surgeon, radiation oncolo- 
gist, medical oncologist, plastic surgeon, speech patholo- 
gist, and nutritionist to help guide the treatment to not 
only remove the disease but to maintain as much of the 
patient’s baseline function from before the tumor arose. 

Despite these efforts from multiple fronts, the over- 
all prognosis of patients with these tumors is poor. 
Advancements in surgical technique have been expanded 
to transoral techniques that may minimize the morbid- 
ity from major resections. Sequential chemotherapy and 
innovations with radiation techniques as part of clinical 
trials have resulted in larynx preservation without compro- 
mising survival (1-3). Together, these improvements result 
in improved function without compromising disease- 
free intervals. Enhanced microsurgical techniques with 
a diverse range of reconstructive flaps have created many 
options for surgical approaches in the primary and salvage 
setting. Thus, the development of a sound approach to 
Patients with these tumors must include a thorough under- 
standing of the anatomy, pathology, and clinical signs 
when preparing the most appropriate treatment. 


The hypopharynx begins at the level of the hyoid bone 
where it borders the oropharynx superiorly and funnels 
inferiorly to the cervical esophagus at the level of the 
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inferior cricoid cartilage (Fig. 122.1). Three subsites make 
up the hypopharynx: the pyriform sinuses laterally, the 
postcricoid area anteriorly, and the pharyngeal wall pos- 
teriorly (Fig. 122.2). The paired pyriform sinuses lie in the 
form of inverted pyramids that begin at the pharyngoepi- 
glottic folds superiorly and the apex blending into the cer- 
vical esophagus at its inferior extent. The postcricoid area 
represents the mucosa overlying the posterior portion of 
the cricoid ring. It extends from the arytenoid cartilage to 
the inferior border of the cricoid cartilage. The proximity 
of the pyriform sinuses and the postcricoid area to the lar- 
ynx can lead to direct invasion of tumors of these regions 
into the paraglottic space and laryngeal skeleton. The pos- 
terior pharyngeal wall is the portion of the hypopharynx 
overlying the vertebrae. Tumors of this area can directly 
invade the potential retropharyngeal space, paraspinous 
muscles, and prevertebral fascia, making complete resec- 
tion extremely difficult. 

The lining of the hypopharynx is stratified squamous 
epithelium that overlies a submucosal loose areolar tissue 
layer, followed by a muscular layer made up of the pos- 
terior cricoarytenoid muscles anteriorly and the middle/ 
inferior pharyngeal constrictors posteriorly and laterally. 
These structures are enclosed by the buccopharyngeal fas- 
cia. The muscular layer is notable because tumor exten- 
sion from the posterior cricoid mucosa can invade into 
the posterior cricoarytenoid muscles causing vocal cord 
fixation, and the inferior constrictor muscles blend into the 
cricopharyngeus muscle inferiorly where the potential area 
weakness, Killian triangle, is located. Although this region 
is noted for the site of pharyngeal diverticula, tumor exten- 
sion to the prevertebral space is also possible. 

The vascular supply of the hypopharynx comes from 
the external carotid system and includes branches of the 
superior thyroid artery and ascending pharyngeal and lin- 
gual arteries. Venous drainage mirrors the arterial system in 
addition to the prevertebral venous plexus. 
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Figure 122.1 The hypopharyngeal region extends from a point 
at the superior edge of the body of the hyoid bone down to the 
inferior aspect of the cricoid cartilage; it is composed of the piriform 
fossa, the posterior hypopharyngeal wall, and the postcricoid area. 


Sensory innervation to the hypopharynx is derived from 
branches of the glossopharyngeal and vagus nerves via the 
pharyngeal plexus and the internal branch of the superior 
laryngeal nerve. The latter nerve pierces the thyrohyoid 
membrane and joins with the vagus nerve where fibers 
coalesce with branches of Arnold nerve to the external 
auditory canal. This connection can result in the referred 
otalgia seen in many patients with hypopharyngeal pathol- 
ogy. Motor innervation to the pharyngeal constrictors 
comes from the pharyngeal plexus, while the posterior cri- 
coarytenoid muscles are innervated by the recurrent laryn- 
geal nerve. 

The hypopharynx has an extensive network of lym- 
phatics. Drainage can occur laterally to the jugulodigastric 
nodes (Fig. 122.3). The second drainage pathway is poste- 
rior to the retropharyngeal nodes and can extend as high 
as the skull base in the nodes of Rouviere. Inferiorly, nodal 
metastases can occur in the paratracheal and paraesopha- 
geal nodes (4). Bilateral drainage is common, especially 
for lesions located in the medial pyriform and posterior 
pharyngeal wall. 

The cervical esophagus begins at the inferior extent of 
the hypopharynx and extends to the thoracic inlet. It can 
vary in length depending on the length and angle of the 
neck. The lining of the cervical esophagus is stratified 
squamous epithelium that covers a submucosal layer that 
is rich in lymphatic vessels. The muscular layer contains 
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Figure 122.2 The piriform apex is at the junction between the 
inferior aspect of the piriform fossa and the postcricoid region. It 
marks the location of the cricoarytenoid joint. 


the bilayered esophageal muscles, with an internal circu- 
lar layer and external longitudinal layer. The serosa is a 
continuation of the buccopharyngeal fascia. Arterial sup- 
ply to this region comes from the inferior thyroid circu- 
lation off the thyrocervical trunk, and venous drainage 
occurs via the inferior thyroid veins. Innervation is derived 
from the recurrent laryngeal nerve and sympathetic chain. 
Lymphatic drainage occurs in the paraesophageal and 
paratracheal nodes, which can then spread to the superior 
mediastinum or lateral cervical nodes. 


EPIDEMIOLOGY 


In the United States and Canada, two large studies of 
national cancer registries have shed light on the presence 
of hypopharynx carcinoma in the population. In a review 
of the National Cancer Data Base (NCDB), a hospital- 
based cancer registry that covers the entire United States, 
hypopharyngeal carcinomas account for approximately 
3% to 4% of all head and neck cancers, which account 
for approximately 3% of all cancers (5,6). Of note, this 
report also showed that the percentage of hypopharyn- 
geal carcinoma cases decreased nearly 30% from 2000 to 
2004 compared to the 1990 to 1994 (5). This number has 
been attributed to the decrease in cigarette smoking among 
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Figure 122.3 The primary lymph node drainage of the hypo- 
pharynx. Cancers of the superior hypopharynx metastasize to the 
jugulodigastric and retropharyngeal nodes, whereas those of the 
inferior hypopharynx, including the piriform apex, metastasize to 
the jugulo-omohyoid, paraesophageal, paratracheal, and thyroid 
lymph nodes. AA, aortic arch; LSC, left subclavian artery; LSV, left 
subclavian vein; RSC, right subclavian artery; RSV, right subclavian 
vein; SVC, superior vena cava. 


Americans (7). A previous review of the NCDB revealed 
that 77% of patients with hypopharynx carcinoma pres- 
ent with stage III or IV disease (8). Of note, the survival in 
the most recent update of the NCDB showed hypopharynx 
carcinoma to have the worst survival of any primary head 
and neck mucosal surface malignancy, with a 5-year overall 
survival around 35% (5). 

A review of the data pooled from multiple Canadian 
cancer registries from 1990 to 1999 revealed that hypo- 
pharynx cancer is 5% of all head and neck cancers (9). 
In Canada, this represents an incidence of approximately 
0.8 new cases per 100,000 persons/year. Peak incidence 
was seen in the sixth and seventh decades of life with 80% 
of cases being male. Similar to the NCDB data, 74% of 
patients presented with advanced-stage disease, and sur- 
vival was 35% at 5 years. 

Cervical esophageal carcinoma is difficult to assess, as 
they are very rare and many times mislabeled as thoracic 
esophageal carcinoma or hypopharyngeal carcinoma as 
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the tumors grow. They have been reported to account for 
between 2% and 10% of all esophageal carcinomas (10). 
In 2010, esophageal carcinoma represented 5% of all diges- 
tive system cancers, estimated at 16,640 new cases with 
14,500 deaths, thus explaining the paucity of data with 
cervical esophageal carcinoma (6). 


ETIOLOGY 


Tobacco smoking and alcohol are well-established risk 
factors for upper aerodigestive tract tumors. In a recent 
study reviewing smoking in Europeans, the association 
with active tobacco smoking was strongest for cancer risk 
of hypopharynx compared to the oral cavity, oropharynx, 
and esophagus (11). Alcohol intake appears to be more 
common in patients with hypopharyngeal cancer when 
compared with laryngeal cancer and is considered an inde- 
pendent risk factor in the development of hypopharyngeal 
carcinoma when controlled for smoking (12). Daily con- 
sumption of alcohol has been found to increase the risk 
of hypopharyngeal carcinoma by 2.2 (13). The mechanism 
of carcinogenesis by alcohol is unclear. Many believe it has 
a direct carcinogenic effect on the hypopharyngeal mucosa, 
potentiates tobacco, or is related to the poor nutritional 
status in alcoholics that contributes to the development 
of hypopharyngeal carcinoma (14). The use of smokeless 
tobacco products has also been implicated as a cause of 
hypopharynx cancer increasing the risk by 4.6 in a study 
from India (13). 

Another causative factor for hypopharyngeal carcinoma 
that is specifically associated with the postcricoid mucosa 
is Plummer-Vinson syndrome. This syndrome is character- 
ized by dysphagia, iron deficiency anemia, and hypopha- 
ryngeal webs. Chronic irritation of the webs is thought to 
be the causative factor in the progression to carcinoma. 


DIAGNOSIS 


Patient Evaluation 


Most patients with hypopharyngeal and cervical esophageal 
carcinoma present at an advanced stage with a multitude 
of presenting symptoms. A review of the Canadian Cancer 
Registry found that the most common symptoms in patients 
presenting with hypopharyngeal carcinoma were dysphagia 
(53%), hoarseness (39%), neck mass (37%), weight loss 
(36%), sore throat (34%), and otalgia (30%) (9). Airway 
distress and voice changes can be seen in advanced tumors 
by direct invasion into the larynx. Progressive dysphagia for 
liquids and solids points to larger primary tumors. Chronic 
throat clearing and globus sensation may initially be diag- 
nosed as reflux disease, but in cases that are refractory to 
medical therapy, hypopharyngeal or esophageal carcinoma 
should be ruled out. Unilateral otalgia with a normal oto- 
logic exam should lead to full evaluation of the upper 
aerodigestive tract. 
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After evaluation of presenting symptoms, a compre- 
hensive medical history includes information regarding 
smoking and alcohol use. A prior history of iron deficiency 
anemia in middle-aged women points to Plummer-Vinson 
syndrome. Pulmonary and cardiac history is assessed in 
planning for future treatment. A review of systems can elicit 
significant weight loss and malnutrition (Table 122.1) 


Physical Exam 


The general status of the patient is the initial observation 
during the physical examination of patients with hypopha- 
ryngeal or cervical esophageal carcinoma. With chronic 
alcoholism, patients typically have nutritional deficiencies 
and weight loss. Patients may appear thin and dehydrated 
and have poor hygiene. 


TABLE l 5 DIAGNOSIS 
122.1 HYPOPHARYNGEAL CANCER 
History 


Treated for pharyngitis 

Tobacco and ethanol abuse 

Weight loss 

Dehydration 

Odynophagia 

Dysphagia 

Hoarseness 

Dyspnea 

Otalgia 

Neck mass 

Airway obstruction 

Support group status 
Physical 

Weight loss or cachexia 

Decreased skin turgor 

Hyporesonant voice 

Hoarseness 

Stridor 

Status of dentition 

Indirect examination with mirror 

Flexible fiberoptic laryngoscopy 

Full neck examination 


Radiology 
Chest radiograph 
Barium swallow 
CT or MRI of the neck 


Laboratory 
Complete chemistries 
Staging endoscopy and biopsy 
Control of airway 
Complete paralysis 
Gross characteristics of tumor 
Three-dimensional relationships of tumor 
Biopsy 
Determination of inferior border 
Esophagoscopy 
Bronchoscopy, if warranted 


CT, computed tomography; MRI, magnetic resonance imaging. 


The head and neck examination begins with evaluation 
of the facial skin, which can have decreased turgor and 
increased pallor. Examination of the oral cavity includes a 
dental evaluation since most patients will require radiation 
therapy. Poor dentition is also an indicator of malnutrition 
and hypovitaminosis. The oral cavity and oropharynx also 
needs to be evaluated for second primary malignancies. 

Evaluation of the hypopharynx and larynx can be done 
using indirect mirror exam, if possible. If secretions or 
patient comfort does not allow full mirror exam, then endo- 
scopic evaluation is performed. Appearance of the larynx 
must rule out obstructing mass, direct tumor invasion, or 
vocal cord paralysis. Evaluation of the hypopharynx should 
include assessment of any ulceration or mass lesion pres- 
ent in the pyriform fossae, pharyngeal wall, or postcricoid 
area. The pyriform fossae are best seen when the patient 
performs a puffed cheek maneuver. Evaluation of the cervi- 
cal esophagus is limited in the office setting and should be 
reserved for a flexible or rigid evaluation under sedation. 

Palpation of the neck to evaluate for clinically apparent 
nodes is a necessity. Hypopharyngeal and cervical esopha- 
geal carcinomas have a high rate of cervical metastasis; 
therefore, a thorough evaluation of the neck is mandatory. 


Imaging 


The goal of imaging in patients with hypopharyngeal and 
cervical esophageal carcinoma is to evaluate the extent of 
the primary disease and presence of regional or distant 
metastasis. Since hypopharyngeal and cervical esopha- 
geal carcinoma are characterized by submucosal spread 
of disease, the ideal imaging modality should facilitate 
identification of the full extent to the primary. Computed 
tomography (CT) of the neck with IV contrast is the imag- 
ing modality of choice to assess the primary disease by 
most practitioners. Magnetic resonance imaging (MRI) 
is an alternative to CT and can provide greater soft tissue 
delineation; however, the patient with an obstructing hypo- 
pharyngeal and cervical esophageal carcinoma may find it 
difficult to lay supine for extended period due to aspiration 
risk. CT has been historically used to detect cartilage inva- 
sion, but multiple studies have found MRI to be equivalent 
compared to CT in detecting neoplastic cartilage invasion 
(15). A study from Switzerland investigated the accuracy of 
MRI and CT in a cohort of 44 patients undergoing surgi- 
cal resection of their hypopharyngeal cancer. The authors 
found that MRI was more sensitive than CT in detecting 
neoplastic invasion of the laryngeal cartilage, but CT was 
more specific. Overall accuracy of both modalities was 
equivalent (MRI, 78% and CT, 75%) (16). Due to practical 
reasons and patient comfort, though, CT is the preferred 
modality for many practitioners. 

In evaluating for regional disease, contrast-enhanced 
CT has been the imaging modality of choice since the pri- 
mary site is also covered. Distant disease can be evaluated 
using multiple imaging modalities. Many patients with 
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early-stage disease may have a chest radiograph as the only 
screening radiograph. With higher nodal stage, the risk of 
distant metastasis increases. Therefore, chest CT is the pre- 
ferred imaging modality (17,18). A study from Toronto 
found that higher stage hypopharynx primary disease 
(T3-4/N2-3) has five times the increased risk of having 
either synchronous second primary or distant metasta- 
sis, and they recommend chest CTI in all patients with 
advanced-stage hypopharynx primary tumors (19). Another 
imaging modality used to investigate distant metastasis or 
synchronous second primary tumor is 18-fluorodeoxyglu- 
cose positron-emission tomography (FDG-PET). PET scans 
can be fused with CT scans for improved evaluation of the 
anatomic location of FDG avid lesions. It has been found 
superior to chest radiograph and chest CT in many studies 
(20-22). The advantage of PET-CT is whole body scanning 
for distant metastasis at the time of diagnosis. However, 
further studies need to be performed to evaluate the cost- 
effectiveness of PET-CT over traditional chest CT and bone 
scanning for screening of distant metastasis in patients 
with hypopharynx and cervical esophageal cancer. 


Nutritional Evaluation 


Standard laboratory evaluation should be performed on 
all patients who present with hypopharyngeal and cervical 
esophageal cancer at the initial visit. Blood counts, elec- 
trolytes, thyroid stimulating hormone, vitamin, iron, pre- 
albumin, transferrin, and albumin levels are appropriate 
initial tests that are completed. In severely malnourished 
patients, a referral to a dietician and placement of a feeding 
tube are appropriate. Prior to placement of feeding tube, 
one must consider the reconstructive method to be carried 
out since location of the tube in either the stomach or jeju- 
num can affect reconstructive options. 


PATHOLOGY 


Squamous cell carcinoma is the most common histology 
seen in the hypopharyngeal and cervical esophageal can- 
cer, representing over 95% of cases (9). Three variants are 
commonly seen in the hypopharynx. The first is basaloid 
squamous cell carcinoma, which has a more aggressive 
course. Lymphoepithelial carcinomas are similar in nature 
to nasopharyngeal carcinoma. Adenosquamous carcinoma 
is the third variant with a similar aggressive course to basa- 
loid squamous cell carcinoma. The remaining 5% of his- 
tologies consist of adenocarcinomas, thought to arise from 
ectopic gastric mucosa, lymphomas, and sarcomas (8). 


Patterns of Spread 


A distinguishing feature of hypopharyngeal and cervical 
esophageal carcinomas is submucosal extension of the 
tumors. An understanding of the patterns of spread of 
tumors begins with the site of origin. Most hypopharynx 
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TABLE HYPOPHARYNGEAL CANCER: 
122.2 STAGING (EASTERN VIRGINIA 
MEDICAL SCHOOL EXPERIENCE) 
Stage 
Location No. (%) I Il Il IV 
Piriform fossa 63 (64) 11 10 24 18 
Posterior wall 30 (30) 5 15 8 2 


Postcricoid 4 (4) — — 3 1 


Eastern Virginia Medical School experience of 97 previously untreated 
patients, 1972 to 1985. 


cancers are located in the pyriform sinuses, followed by the 
posterior pharyngeal wall, and then the postcricoid mucosa 
(Table 122.2) (23). Submucosal extension is more com- 
mon in the inferior hypopharynx and cervical esophagus, 
thought to be caused by the rich submucosal lymphatic 
network seen at the pharyngoesophageal junction. Satellite 
lesions are also a characteristic of these tumors; however, 
it is difficult to determine if these tumors are separate 
primary tumors or metastatic lesions. The presence of sub- 
mucosal extension, especially in the inferior hypopharynx 
and cervical esophagus, must be taken into account when 
assessing margins during surgical resection. It has generally 
been recommended that 3-cm margins be taken in the cer- 
vical esophagus and inferior hypopharynx, 2 cm laterally 
and 1.5 cm along the superior margin. 

Tumors of the pyriform fossae can spread laterally to 
the thyroid cartilage and soft tissues of the neck. Medial 
extension of these tumors will involve the larynx and the 
paraglottic space (Fig. 122.4). Postcricoid tumors tend to 
grow circumferentially. Inferior extension via submucosal 
spread involves the cervical esophagus. Anterior extension 
spreads to the cricoarytenoid joint and posterior cricoary- 
tenoid muscles causing vocal cord immobility (Fig. 122.5). 
Advanced cases of hypopharyngeal carcinoma can present 
with direct invasion into the thyroid gland (24). 

Lymph node metastases are common in hypopharyn- 
geal carcinoma with 64% to 90% of patients presenting 
with nodal disease and bilateral disease seen in 8% to 
16% of cases (9,25,26). Regional metastasis occurs in 
levels II to IV, with rare involvement of levels I and V 
(25,27). Invasion of the pyriform apex (20%), postcricoid 
mucosa (57%), and subglottis is associated with metastasis 
in the paratracheal and paraesophageal nodes (4,28,29). 
Mediastinal nodal involvement is noted in 73% to 80% 
of T4 hypopharynx cancers and 33% to 62% of cervical 
esophageal carcinomas of all stages (30,31). Forty-three 
percent of cervical esophageal carcinomas are noted to 
have paratracheal and paraesophageal nodal disease (29). 
Retropharyngeal nodal disease is seen in 20% to 50% of 
patients with hypopharyngeal and cervical esophageal can- 
cers (32-34). The significant percentage of nodal metasta- 
sis in hypopharyngeal and cervical esophageal percentage 
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Figure 122.4 Lymph node and submucosal spread of piriform 
fossa cancer. Submucosal spread inferiorly (A) can involve the piri- 
form apex and then metastases to the paratracheal, paraesopha- 
geal, thyroid, and jugulo-omohyoid nodes (B). Medial extension (C) 
involves the arytenoid and perilaryngeal compartments. 


requires treatment of the nodal basins that are specific to 
each subsite of these regions. 


Staging 


The seventh edition of the American Joint Committee on 
Cancer Staging Manual has similar TNM staging compared 
to the sixth edition manual. This staging system facilitates 
the study of prognostic variables as related to the volume of 
local, regional, and distant disease. T4 tumors are divided 
into T4a (resectable; advanced local disease) and T4b 
(low likelihood of resection free margins; very advanced 
local disease). This has led to stratification of stage IV dis- 
ease into IVA (moderately advanced local/regional dis- 
ease), IVB (very advanced local/regional disease), and IVC 
(distant metastatic disease). The TNM staging for the hypo- 
pharynx is as follows: 


TX: Primary tumor cannot be assessed. 

TO: No evidence of primary tumor 

Tis: Carcinoma in situ 

T1: Tumor limited to one subsite and <2 cm in greatest 
dimension 

T2: Tumor invades more than one subsite of the hypo- 
pharynx or adjacent site, or measures greater than 


Figure 122.5 Lymph node and submucosal spread of postcri- 
coid cancer. Submucosal spread inferiorly (A) can be extensive, and 
these lesions frequently metastasize to the paratracheal, thyroid, 
and paraesophageal nodes (B,C). 


2 cm but not <4 cm in greatest dimension without 
larynx fixation. 

T3: Tumor greater than 4 cm in greatest dimension or 
with fixation of the hemilarynx 

T4a: Tumor invades thyroid/cricoids cartilage, hyoid 
bone, thyroid gland, esophagus, or central compart- 
ment soft tissue. 

T4b: Tumor invades prevertebral fascia, encases carotid 
artery, or involves mediastinal structure. 

NX: Regional lymph nodes cannot be assessed. 

NO: No regional lymph node metastasis 

N1: Metastasis in a single ipsilateral lymph node less 

than 3 cm in greatest dimension 

N2a: Metastasis in a single ipsilateral lymph node 

>3 cm but less than 6 cm in greatest dimension 

N2b: Metastasis in multiple ipsilateral lymph nodes, all 

less than 6 cm in greatest dimension 

N2c: Metastasis in bilateral lymph nodes, all less than 

6 cm in greatest dimension 

N3: Metastasis in lymph node is 26 cm in greatest 
dimension 

Mx: Distant metastasis cannot be assessed. 

MO: No distant metastasis 

M1: Distant metastasis 


Chapter 122: Hypopharyngeal and Cervical Esophageal Carcinoma 


The TNM staging system for the cervical esophagus is dif- 
ferent from the hypopharynx. T stage is based on tumor 
depth of invasion, and N stage is based on the number of 
nodes present. The staging system has been updated since 
the sixth edition and is as follows: 


TX: Primary tumor cannot be assessed. 

TO: No evidence of primary tumor 

Tis: Carcinoma in situ 

T1: Tumor invades lamina propria or submucosa. 

T2: Tumor invades muscularis propria. 

T3: Tumor invades adventitia. 

T4: Tumor invades adjacent structures (hypopharynx, 
thyroid gland, carotid sheath). 
T4a: Resectable disease 
T4b: Unresectable disease 

NX: Regional lymph nodes cannot be assessed. 

NO: No regional nodal metastasis 

N1: Regional lymph node metastasis 1 to 2 nodes 

N2: Regional lymph node metastasis in 3 to 6 

N3: Regional lymph node metastasis in greater than 
7 nodes 

Mx: Distant metastasis cannot be assessed 

MO: No distant metastasis 

M1: Distant metastasis 


Molecular Staging 


Hypopharyngeal and cervical esophageal cancers have dis- 
tinct clinical behavior compared to other head and neck 
cancers; however, no specific molecular markers have 
paralleled this behavior. One study found an association 
between the stem cell markers, Oct4 and Sox2, and hypo- 
pharyngeal cancer progression, but the authors in this 
study did not compare their results to other head and neck 
sites (35). The recent interest in human papillomavirus 
(HPV) in head and neck carcinoma has not translated to 
hypopharyngeal carcinoma. A study from M.D. Anderson 
Cancer Center revealed the presence of HPV correlated 


TABLE 


122.3 


Location No. I Il 


Piriform fossa (63) 6/11 5/10 
54% 50% 

Posterior wall (30) 5/5 11/15 
100% 75% 

Postcricoid (4) 

Totals 11/16 16/25 
68% 64% 
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with poor prognosis in hypopharyngeal carcinoma (36). 
Another study from Belgium identified no difference in 
survival between HPV-positive and HPV-negative hypopha- 
ryngeal carcinomas despite the presence of HPV in 74% of 
patients (37). This may represent the molecular heteroge- 
neity within hypopharyngeal carcinoma that makes HPV 
status irrelevant, but future study is warranted. 


PROGNOSIS 


Overall survival for patients with hypopharyngeal cancer 
who receive no treatment is dismal, with a 1-year survival 
of 10%. Conversely, those who seek treatment have 1-year 
overall survival of 48% (9). Five-year overall survival for 
advanced-stage cancer ranges from 18% to 47%, while 
early-stage cancers have much improved survival ranging 
from 64% to 78% (Table 122.3) (23,38). The improve- 
ments in treatment protocols are reflected in the change 
in 5-year disease-specific survival rates for hypopharyngeal 
cancer patients. Between 1980 and 1985, 5-year disease- 
specific survival was 4.2%, and between 1990 and 1999, 
the 5-year disease-specific survival increased to 35% (8,9). 
Lymph node status affects survival in hypopharyngeal 
carcinoma (Table 122.4) (23). A review of 132 patients 
treated with surgery and radiation revealed patients with 
NO or N1 disease had 5-year survival of 54%, which drops 
to 20% in those with N2 or greater disease (39). 
Prognostic information for cervical esophageal carci- 
noma is limited because most analyses are combined with 
all esophageal carcinomas. A large study from Hong Kong 
outlined the treatment of 124 patients with cervical esoph- 
ageal carcinoma. They found that the primary surgery 
group had 2-year overall survival of 38% with median sur- 
vival of 20 months and the chemoradiation-treated group 
had 2-year overall survival of 48% with median survival of 
24 months, although the differences were not statistically 
significant (40). Five-year survival was noted to be 33% in 
a Japanese series of 84 patients with cervical esophageal 
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Stage 

ll IV Overall 
7/24 1/18 19/63 
29% 5% 30% 

1/8 0/2 17/30 
12% 0% 56% 

1/3 0/1 1/4 

33% 0% 25% 
9/35 1/21 37/97 
25% 4% 38% 


Eastern Virginia Medical School, 1972 to 1985; 97 patients. 
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TABLE 


122.4 


EXPERIENCE)? 


Node Location (n) 


Piriform fossa (63) 14 
Posterior wall (30) 7 
Postcricoid (4) 1 
Totals 22 


Negative (n) 


HYPOPHARYNGEAL CANCER:5-YEAR SURVIVAL BY LYMPH 
NODE STATUS (EASTERN VIRGINIA MEDICAL SCHOOL 


Positive (n) 5-Year Survival (%) 

49 8/14 (57) 

11/49 (22) 
23 5/7 (71) 

12/23 (52) 
3 1/1 (100) 

0/3 (0) 

75° 14/22 (63) 

23/75 (30) 


Eastern Virginia Medical School 1972 to 1985; 97 patients. 
Bilateral nodes in 10 of 97 (10%) of entire group or 10 of 75 (13%) of those with positive nodes. Only 1 of 


10 (10%) survived 5 years. 


carcinoma treated with surgery and radiation (41). Another 
review of 32 patients with cervical esophageal carcinoma 
treated with primary surgery found a 5-year disease-free 
survival of 33% in higher stage tumors and 47% in early- 
stage tumors (10). 


MANAGEMENT 


Since the majority of patients present with advanced- 
stage disease, multimodality therapy is required, which 
would consist of surgery, radiation, and chemotherapy. 
Presentation at a multidisciplinary conference is a neces- 
sity to reach a consensus opinion on the management of 
patients; however, patients should be treated according 
to evidence-based guidelines or entered into an institu- 
tional review board approved protocol (42). In lieu of a 
therapeutic trial, treatment should comply with treat- 
ment guidelines put forth by the National Comprehensive 
Cancer Network (43). Functional rehabilitation, facilitated 
by speech pathology and dental and nutrition services in 
addition to the treating oncologists, is required as part 
of the recovery process. Typically, early-stage tumors are 
treated with surgery or definitive radiation. Advanced- 
stage disease requires combination therapy with two to 
three modalities. The following sections outline surgical 
(open and minimally invasive) and nonsurgical treatments 
for hypopharyngeal and cervical esophageal carcinoma. 
When considering treatment options, it is vital for the prac- 
titioner not to compromise oncologic outcome for preserva- 
tion of organ function or application of unproven technology. 


Surgery of the Hypopharynx 


Preoperative Considerations 

Patients who present with hypopharyngeal carcinoma typi- 
cally are malnourished and have multiple comorbidities. 
These issues must be addressed and managed as much as 
possible prior to undertaking surgical resection to ensure 


optimal outcomes. Nutritional deficits can be identified 
with preoperative evaluation of weight loss and labora- 
tory testing to assess the degree of malnutrition (e.g., ane- 
mia, low serum prealbumin and transferrin). A dietician 
can assist with improving diet, or recommendation can be 
made for temporary feeding tube. Respiratory status must 
also be optimized, especially if the patient is undergoing 
partial laryngeal resection. 


Early-Stage Pyriform Sinus Cancer 

Surgical approaches to early-stage pyriform sinus cancers 
can result in preservation of the larynx that involves the 
medial or lateral walls of the pyriform sinus that does not 
extend to the pyriform sinus apex or postcricoid mucosa. 
Selection for patients with early-stage tumor resections 
must also take into account the predilection for submuco- 
sal extension in hypopharyngeal tumors. 

One approach to resection of these early-stage tumors 
in the superior pyriform fossae is a partial laryngo- 
pharyngectomy (Figs. 122.6 to 122.8). This procedure 
involves resection of the involved pyriform sinus with a 
partial laryngectomy. Tumor visualization is via a tran- 
shyoid or lateral pharyngotomy. Entry into the pharynx 
is through the contralateral side. With the tumor in full 
view, a mucosal incision is carried along the posterior 
pharyngeal wall to the involved side maintaining an 
adequate 1- to 1.5-cm margin. The contralateral aryepi- 
glottic fold is incised and extended inferiorly into the 
laryngeal ventricle and anteriorly to the anterior com- 
missure (Fig. 122.9). 

Next, attention is directed to interarytenoid space with 
a vertical incision carried to the superior border of the 
cricoid cartilage. This incision is then directed laterally to 
the ipsilateral cricoarytenoid joint, orienting the incision 
superiorly and anteriorly across the vocal process. The cut 
is then directed anteriorly across the ipsilateral ventricle 
to the anterior commissure, joining it with the contra- 
lateral cuts. The specimen is now centered on the tumor, 
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Figure 122.6 External surgical anatomic projections of the pir- 
iform fossa. The piriform apex (A) is just above the cricothyroid 
articulation at the inferior cornu (B). The superior border is at the 
inferior margin of the hyoid bone (C). The anterior border is at the 
junction of the anterior and posterior halves of the thyroid carti- 
lage (D). The posterior edge of the thyroid cartilage marks the pos- 
terior border of the piriform fossa (E). 
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Figure 122.7 Partial laryngopharyngectomy (PLP) for cancer of 
the superior piriform fossa. The key elements of the PLP involve an 
interarytenoid incision (A) that extends across the vocal process (B) 
on the ipsilateral side and an incision in the aryepiglottic fold (C) 
and ventricle (D), similar to that used for supraglottic laryngectomy 
on the contralateral side. 
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which is resected with adequate margins. Frozen sections 
should be used to evaluate mucosal and soft tissue mar- 
gins. Reconstruction of the laryngopharyngeal defect is 
accomplished by suturing of the vocal cord remnant to 
the posterior-superior cricoid cartilage, and the tongue 
base is sutured to the thyroid cartilage perichondrium. 
Reinforcement of the pharyngeal closure can be accom- 
plished with the remaining strap muscles or a sternocleido- 
mastoid flap (Figs. 122.10 and 122.11). A cricopharyngeal 
myotomy is performed, and either a nasogastric feeding 
tube or gastrostomy tube is placed. The airway is secured 
temporarily with a tracheostomy. 

This procedure was studied by Makeieff et al. (44) in 
87 patients with early-stage tumors. He found a 5-year 
overall survival of 60% in his cohort of T1 and T2 tumors 
with a local recurrence rate of 19.9%. Ninety-three percent 
of patients resumed normal oral diet after a median dura- 
tion of nasogastric tube alimentation for 20 days. Another 
recent series reviewing 48 patients with selected T1 and 
T2 tumors of the pyriform fossae found a 5-year local 
control rate of 98% and 5-year actuarial survival of 47% 
(45). All patients in this series returned to normal diet after 
1 month. In both of these series, postoperative radiother- 
apy was used in 90% of the patients. 

Another approach to larger tumors of the pyriform 
fossae is the supracricoid hemilaryngectomy. Invasion of 
the pyriform apex, postcricoid mucosa, and posterior pha- 
ryngeal wall and vocal cord immobility are relative contra- 
indications to this procedure. The efficacy of this procedure 
was studied in France with a cohort of 147 patients who 
received induction chemotherapy followed by surgery 
(46). Half of the patients went on to receive adjuvant 
radiotherapy. He found a 5-year local control rate of 90%, 
including 63% for T4a tumors. Lesions invading the pyri- 
form sinus apex and posterior pharyngeal wall were associ- 
ated with increased rate of recurrence. Normal deglutition 
was observed in 64.6% after 1 month and 92% after 1 year. 
Only 1.5% of the patients in the cohort required comple- 
tion laryngectomy. In the United States, this procedure has 
gained little acceptance. 

Currently, most of these early-stage tumors are treated 
with definitive radiotherapy with or without chemother- 
apy. In addition, endoscopic laser or transoral robotic 
techniques have replaced these open partial laryngeal pro- 
cedures. These points will be discussed in other sections. 


Advanced-Stage Pyriform Sinus Cancer 

In T3 and T4 tumors of the pyriform sinus, treatment 
centers on surgery and adjuvant radiation. Conservation 
surgery may be possible, but local control is poor (47). 
Therefore, surgical resection involves total laryngectomy 
with partial or total pharyngectomy. The surgeon must take 
into account the propensity for submucosal spread when 
addressing margins. Varying amounts of cervical esopha- 
gus or thoracic esophagus must be resected based on size 
of the primary tumor. In one study from Australia, 180 
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Figure 122.8 Partial laryngopharyn- 
gectomy for cancer of the superior piri- 
form fossa. The cartilage cuts begin at a 
point above the anterior commissure (A) 
and extend laterally and inferiorly on the 
ipsilateral side and laterally and superi- 
orly on the contralateral side. The phar- 
ynx is entered through a combination of 
suprahyoid and lateral pharyngotomy 
incisions (B). 


Figure 122.9 Partial laryngopharyngectomy for cancer of the superior piriform fossa. The inter- 
arytenoid incision (A) is carried down to the cricoid cartilage through the cricoarytenoid joint (B), 
across the vocal process (C), and anteriorly through the ventricle (D). The contralateral aryepiglottic 
fold and ventricular incisions (E) also extend forward to the anterior commissure. 
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Figure 122.11 Partial laryngopharyngectomy for cancer of 
the superior piriform fossa. The vocal cord retention suture (A) is 
placed through the lateral aspect of the vocal process remnant, 
through the cricoid cartilage, and then tied down to bring the cord 
(B) to the midline. A cricopharyngeal myotomy (C) is performed, 
and a feeding esophagostomy tube (D) placed. 
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Figure 122.10 Partial lar_yngopharyngectomy for cancer of 
the superior piriform fossa. A watertight closure of the phar- 
yngotomy is accomplished with a combination of sutures from 
the tongue base (A) to the thyroid perichondrium (B). Head 
flexion allows tongue base and laryngeal relaxation (C) with 
closure of the horizontal segment of the pharyngotomy (D). 
The lateral pharyngotomy is sutured vertically (E). 


patients had total laryngopharyngectomy followed by post- 
operative radiation treatment (48). Local/regional control 
rate was 82% with 5-year survival of 52%. These results 
illustrate the aggressive nature of these tumors. Organ pres- 
ervation protocols are a valid alternative to total laryngo- 
pharyngectomy and will be discussed subsequently. 


Posterior Hypopharyngeal Wall Cancer 
These lesions are typically localized and exophytic, allow- 
ing for wide excision and reconstruction. Advanced-stage 
tumors are typically fixed to the prevertebral fascia and not 
amenable to surgery. The approach requires either a lateral 
pharyngotomy or transhyoid pharyngotomy (Fig. 122.12). 
Once the vallecula has been entered, the incision is extended 
along the hyoid bone on either side ensuring the superior 
laryngeal neurovascular bundles are hypoglossal nerves 
that are protected. The hyoid and larynx can be retracted 
inferiorly to provide excellent exposure of the pharyngeal 
wall (Fig. 122.13). Resection of the tumor should involve 
the prevertebral musculature if the prevertebral fascia is 
involved. In this setting, local control is poor with surgery 
alone. Retropharyngeal node dissection should be per- 
formed as well. If these nodes are not dissected, then adju- 
vant radiotherapy must cover the retropharyngeal nodal 
basin. One problem with surgery is the denervation of the 
pharyngeal plexus, which can result in significant dysphagia 
and aspiration in larger tumor resections. 

Reconstruction of a small posterior pharyngeal wall 
defect can be achieved with a split-thickness skin graft 
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Figure 122.12 Suprahyoid pharyngotomy for posterior hypopharyngeal cancer. The initial inci- 


sion (A and B) extends along the superior border of the hyoid for its entire length. The hyoid then is 
removed (C) to facilitate completion of the pharyngotomy (D). 


(Fig. 122.14). A bolster is placed over the graft and can 
be removed transorally in 5 days. If the resection involves 
removal of the lateral wall of the pyriform sinus, the defect 
size will not support a skin graft alone (Figs. 122.15 and 
122.16). In this situation, a pectoral myocutaneous flap, pla- 
tysma myocutaneous flap, or free fasciocutaneous flap (e.g., 
radial forearm or anterolateral thigh) can repair this defect. A 
local alternative can be achieved with bilateral advancement 
of the prevertebral muscles with a skin graft (Figs. 122.17 
and 122.18). Reconstruction of posterior hypopharyngeal 
wall defects is fraught with significant morbidity (49,50). For 


example, a series from Memorial Sloan-Kettering reported a 
67% complication rate after surgery, and only 33% of the 
Patients in the series resumed a full oral diet (49). 

If surgery is considered for posterior pharyngeal wall 
tumors, the surgeon must understand that resection will 
likely involve the pharyngeal plexus and patients may expe- 
rience significant swallowing dysfunction as well as the 
high complication rate associated with the reconstruction. 
Definitive radiation is an alternative therapy to achieve 
good local control with adequate function posttreatment, 
and the retropharyngeal lymph nodes will be treated. 
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Postcricoid Cancer 

Tumors of the postcricoid region typically do not pres- 
ent until reaching an advanced stage. The lesions have 
invaded the cricoid cartilage and posterior cricoaryte- 
noid muscles. Inferior extension into the cervical esopha- 
gus is common. Therefore, surgery should involve total 
laryngopharyngectomy and cervical esophagectomy with 
postoperative radiation therapy. Again, organ preserva- 
tion approaches can be presented to patients who do not 
desire total laryngectomy. 


Minimally Invasive Approaches 

Transoral laser surgery was initially developed for laryngeal 
carcinoma in head and neck cancers, but its use has been 
translated to the hypopharynx. Multiple case series have 
been published detailing the personal experiences of indi- 
vidual surgeons. All stages have been evaluated for tran- 
soral laser surgery. Local control rates have been reported 


Mucosal 
edge 


or dermal 
graft 


1929 


Figure 122.13 Suprahyoid pharyngotomy for 
posterior hypopharyngeal cancer. After the hyoid 
is removed and the pharyngotomy completed, 
superior and inferior retraction provides excellent 
exposure for wide excision of the cancer. 1, tumor; 
2, mucosa; 3, constrictor; 4, longus colli; 5, retro- 
pharyngeal space; 6, prevertebral fascia. 


between 90% and 95% in early-stage tumors and 47% and 
69% in advanced-stage tumors (51-53). The purported 
advantages of transoral laser surgery compared to open 
functional surgery are avoidance of tracheotomy in most 
cases, a feeding tube is not required in many cases, and the 
hospital stay is shorter. Moreover, endoscopic laser surgery, 
in contrast to open surgery, better spares the pharyngeal 
sensory innervation, thus improving the capability of pro- 
tecting the airway during swallowing (52). 

Transoral robotic surgery is a new technique that is 
gaining popularity in some centers. Its application in oro- 
pharyngeal carcinoma has been well documented (54). 
However, only small series have included hypopharyngeal 
cancers, with the largest personal series being 10 patients 
with Tl or T2 tumors (55,56). Feasibility of surgery has 
been limited to the posterior pharyngeal wall and lateral 
pyriform sinus due to restricted space that safely allows the 
robotic arms to perform the resection. 


Figure 122.14 Suprahyoid pharyngotomy for posterior hypopharyngeal cancer. The incision is 
usually carried down to the prevertebral fascia (A), which acts as the surgical plane for excision. The 
defect then is covered with a split-thickness or dermal skin graft (B). This is held in place with a bol- 
ster (C) of nylon sheeting stuffed with cotton balls. The pharyngotomy is closed in layers, avoiding 
suture ligation of the hypoglossal and superior laryngeal nerves (D). 


Figure 122.15 Combined suprahyoid and lateral 
pharyngotomy for posterolateral hypopharyngeal 
cancer. These cancers (A) are approached by excis- 
ing the posterior third of the thyroid cartilage and 
combining the anterolateral pharyngotomy incision 
(B) with the suprahyoid incision (C). 


Figure 122.16 Combined suprahyoid and lateral pharyngotomy for posterolateral hypopharyn- 
geal cancer. The final incision (A) is made under direct vision. The cervical sympathetic ganglion (B) 
should be preserved if it is not involved with the cancer. Reconstruction can be accomplished by 
using a portion of the prevertebral muscle (C) as a backing for a skin graft. 


1930 


Chapter 122: Hypopharyngeal and Cervical Esophageal Carcinoma 1931 


Esophagostomy 
tube 


Bolster (A’) 


Figure 122.17 Combined — suprahyoid 
and lateral pharyngotomy for posterolateral 
hypopharyngeal cancer. The split-thickness 
or dermal skin graft is sutured to the prever- 
tebral muscle (A) and held in place with a ny- 
lon mesh and cotton-ball bolster (B). 


Figure 122.18 Combined suprahyoid and lateral 
pharyngotomy for posterolateral hypopharyngeal 
cancer. After the steps illustrated in Figures 122.15 
and 122.16 the prevertebral muscle is mobilized 
as a bipedicled flap for medial rotation of the skin 
graft-bolster combination (A). The bolster is sutured 
in place with long sutures from the graft. A water- 
tight closure of the pharyngotomy (B) is then accom- 
plished, and a feeding esophagostomy is placed. 
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SURGERY OF THE CERVICAL 
ESOPHAGUS 


Tumors of the cervical esophagus typically present at an 
advanced stage; therefore, a limited local surgery is rare. 
Because the proximal cervical esophagus is adjacent to the 
larynx, total laryngopharyngectomy with cervical esopha- 
gectomy is often the indicated procedure, both to obtain 
an adequate upper surgical margin and to avoid postopera- 
tive aspiration. In instances where the tumor extends infe- 
riorly into the thoracic esophagus, total esophagectomy is 
required. Tumors that do not invade into the hypopharynx 
or larynx may be amenable to larynx-preserving cervical 
esophagectomy with adequate functional and oncologic 
outcomes (10). 


MANAGEMENT OF THE NECK 


Nodal metastasis is common in hypopharyngeal and 
cervical esophageal carcinoma. Therefore, nodal basins 
must be addressed by either surgery or radiation. Lymph 
node metastases are common in hypopharyngeal car- 
cinoma with 64% to 90% of patients presenting with 
nodal disease and bilateral disease seen in 8% to 16% of 
cases (9,25,26). Ipsilateral neck dissection is adequate for 
early-stage tumors of the lateral pyriform sinus. However, 
tumors approaching the midline require bilateral dis- 
section. For the hypopharynx, nodal dissection should 
involve the levels II, IN, and IV. Elective dissection of the 
paratracheal and paraesophageal nodes is unclear at this 
time. A high rate of paratracheal nodal metastasis is seen 
in advanced-stage disease and tumors involving the post- 
cricoid mucosa (57%) (28,31,57); therefore, paratracheal 
dissection is indicated in advanced hypopharyngeal car- 
cinoma. Bilateral paratracheal dissection and total thy- 
roidectomy are indicated in midline lesions or lesions 
involving the cervical esophagus (57). Mediastinal dis- 
section is advocated in T4 hypopharynx tumors because 
of nodal metastasis rate that approaches up to 40% 
(30,31). 

The cervical esophagus has a propensity to metastasize 
to bilateral paratracheal and paraesophageal basins (29). 
Therefore, elective bilateral central compartment dissection 
is advocated in cervical esophageal carcinoma. Mediastinal 
dissection is also recommended due to high rate of medi- 
astinal nodal metastasis (30,31). 

Retropharyngeal nodal disease is seen in 20% to 50% of 
patients with hypopharyngeal and cervical esophageal can- 
cers (32-34). These data suggest the importance of treating 
the retropharyngeal nodes with surgery or radiation. Gross 
retropharyngeal nodal disease that is noted with preop- 
erative imaging should be removed at the time of surgery. 
Radiation can be used in the adjuvant setting or in the 
elective setting when there is no apparent retropharyngeal 
nodal disease. 


RECONSTRUCTION 


Small defects of the hypopharynx are amenable to recon- 
struction via a split-thickness and local advancement flaps. 
It is best to avoid primary closure of a mucosal remnant less 
than 2 cm because of concerns for stricture. These larger 
defects are better suited for reconstruction with pedicled 
myocutaneous flaps, such as the pectoral myocutaneous or 
deltopectoral flap. The pedicled flaps are reliable with min- 
imal complications (58). Free tissue transfer with a radial 
forearm flap or anterolateral thigh (ALT) flap is another 
option in the reconstruction of these defects with accept- 
able functional results (59). Bulky flaps should be avoided 
in cases of laryngeal preservation, as this may interfere with 
swallowing and cause intractable aspiration. 

Total pharyngeal defects are best reconstructed with free 
tissue flaps. Tubed fasciocutaneous flaps from the radial fore- 
arm and ALT or free enteral grafts are the common choices by 
the reconstructive surgeons. The ALT flap has good versatil- 
ity with only a 5% stricture rate reported in one study (60). 
Another review from Korea found 92% of patients under- 
going reconstruction with a tubed free fasciocutaneous flap 
returned to normal oral diet, and only 6% experienced stric- 
ture (61). Enteric flaps have the advantages of tissue pliability, 
tubed shape, ease of contouring, intrinsic peristalsis, and the 
ability to secrete mucus. However, it has been observed that 
many patients have inferior vocal quality that is described as 
“wet” due to the increased mucus secretion (62). In addition, 
jejunal grafts can be harvested with laparoscopic techniques, 
thus, avoiding a laparotomy incision (63). 

Surgery of the cervical esophagus many times requires 
resection of the entire esophagus posing a challenge in 
the reconstruction. Tubed fasciocutaneous flaps are not an 
option in these cases due to length of the defect. Colon inter- 
position is an option in the reconstruction of the esopha- 
gus because it does not involve microvascular anastomosis 
(Fig. 122.19). However, postoperative infection is common 
with devastating consequences; therefore, this technique is 
only used when other options are not available. 

Gastric transposition has several advantages in the 
reconstruction with a robust blood supply and creation 
of a single pharyngeal anastomosis. Blunt dissection from 
the abdomen and posterior mediastinum can mobilize 
the stomach. In addition, mobilization of the duodenum 
allows the stomach to be pulled up to the level of the 
nasopharynx (Fig. 122.20). Complications of this proce- 
dure commonly involve fluid collections within the pleu- 
ral space causing pneumo/hemothorax. This complication 
can be resolved with a thoracostomy tube. Mortality of this 
procedure is approximately 5% to 15% (64,65). 

The jejunal graft is an excellent option in reconstruction 
of the cervical esophagus as described above. In cases where 
total esophagectomy is required, additional length can be 
obtained by “supercharging” the jejunum with a distal pedi- 
cle supplying the enteric anastomotic end (66). The stomach 
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Figure 122.19 Colon interposition allows one-stage reconstruc- 
tion or bypass of the entire esophagus. A high incidence of septic 
complications is associated with this procedure. 


remains in situ and serves as a reservoir, thus avoiding reflux 
seen in the gastric pull-up. Another advantage of this surgery 
is it requires one microvascular anastomosis in the neck with 
acceptable operative morbidity. In fact, 90% of the patients 
are able to return to normal oral diet. 

Many reconstructive options exist for the closure of 
hypopharyngeal and cervical esophageal defects. It is 
imperative that the reconstructive surgeon plays a role in 
the multidisciplinary team. However, oncologic safety must 
not be compromised for a specific reconstructive method. 


NONSURGICAL THERAPIES FOR 
HYPOPHARYNGEAL AND CERVICAL 
ESOPHAGEAL CARCINOMA 


Primary radiation is the treatment of choice in many early- 
stage hypopharyngeal carcinomas. Disease-specific survival 
and local control rates are similar to published surgical 
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series of similar stage cases with acceptable morbidity 
(67,68). Advanced-stage tumors typically are treated with 
surgery followed by postoperative radiation. Local control 
rates in this situation range between 76% and 79% (69). 

Although chemotherapy is not used as a definitive 
treatment in hypopharyngeal carcinoma, its use in the 
neoadjuvant or concomitant role has proven benefi- 
cial in many patients. A meta-analysis of over 87 trials 
using chemotherapy in head and neck cancers between 
1965 and 2000 revealed an absolute survival benefit of 
4.5% (70). The use of concurrent chemotherapy had a 
more pronounced survival benefit at 6.5%. Therefore, 
the addition of chemotherapy to protocols in the treat- 
ment of hypopharyngeal carcinoma may improve sur- 
vival. Although induction chemotherapy did not show 
a survival benefit in these studies, more recent studies 
have shown the addition of taxanes (docetaxel) to the 
previous platinum-based regimen (cisplatin and 5-fluo- 
rouracil) provides a significant survival benefit over the 
platinum-based regimen alone (1). 

The addition of chemotherapy in the postoperative 
radiation setting has been studied by two cooperative tri- 
als, RTOG 95-01 and EORTC 22391 (71,72). These two 
trials compared the addition of chemotherapy to postop- 
erative radiation to conventional postoperative radiation 
alone in patients with high-risk head and neck cancer 
(defined as extranodal spread, multiple positive nodes, 
and positive surgical margins). Hypopharynx carcino- 
mas constituted 20% of the European Organization for 
Research and Treatment of Cancer (EORTC) group, 12% of 
the Radiation Therapy Oncology Group (RTOG) radiation 
arm, and 7% of the RTOG concurrent chemoradiation arm. 
Both trials showed improved local and regional control in 
the chemotherapy arms with an increase in control rate 
of 10% and 11% in RTOG and EORIC trials, respectively. 
Only the EORTC found a significant survival benefit in the 
chemotherapy arm (13% difference at 2 years). Therefore, 
the conclusions of these two studies are addition of che- 
motherapy in high-risk head and neck cancer will improve 
local and regional control and survival. 

The results of the Veterans Affairs Laryngeal Cancer 
Study and the RTOG have encouraged treatment regimens 
using chemotherapy and radiation therapy to preserve the 
larynx (73,74). The use of chemotherapy as part of induc- 
tion or concurrent treatment has resulted in improved 
local/regional control rates and decreased distant metasta- 
sis. These results have not compromised survival rates when 
compared to surgery and adjuvant radiation. However, 
these studies looked at patients with larynx cancers alone 
without any hypopharyngeal carcinomas. 

The promising results of the VA trial led to consider- 
ation for organ preservation protocols in the treatment 
of hypopharyngeal carcinoma. The first such study was a 
retrospective review from M.D. Anderson Cancer Center 
comparing induction chemotherapy and radiation therapy 
to surgery in patients with laryngeal and hypopharyngeal 
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Figure 122.20 A: Gastric pull-up with pharyngogastric anastomosis is commonly used to recon- 
struct total esophageal defects. B: The intraabdominal procedure includes vagotomy with pyloro- 
plasty. The duodenum is mobilized with the Kocher maneuver. C: The esophagus is removed without 
thoracotomy, using bimanual transabdominal and transcervical dissection. The stomach is brought 
up through the chest into the neck in the posterior mediastinum. D: The fundus is opened to provide 
the greatest length for anastomosis. E: Fundus in neck. F: Fundus surgery. 
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carcinomas (75). They reported a response rate of 78% in 
all hypopharyngeal patients and complete response rate of 
83% in patients who had a response to induction chemo- 
therapy. The larynx was preserved in 69% of the patients. 
Most importantly, there was not a significant survival differ- 
ence between the nonsurgical group and the surgical group. 
These results were followed by a prospective evaluation of 
larynx preservation in hypopharynx cancer developed by 
the EORTC. It was a phase III, randomized controlled trial 
comparing induction cisplatin and 5-fluorouracil (FU) fol- 
lowed by radiation therapy and conventional surgery with 
adjuvant radiation therapy (2). No difference was found 
in local/regional control rates and disease-free survival 
at 5 years. Functional laryngeal preservation was 35% at 
5 years. This study concluded that functional larynx preser- 
vation is possible without compromising survival in hypo- 
pharyngeal carcinoma. 

The EORTC reported on a second larynx preservation 
for hypopharyngeal comparing induction chemotherapy 
to concurrent chemoradiation, similar to RTOG 91-11. 
This trial had 51% of patients with hypopharyngeal carci- 
noma (3). Patients were staged T2-4/NO-2 at the hypo- 
pharynx for entry into the trial and assigned to receive 
induction chemotherapy followed by radiotherapy or an 
alternating chemoradiation regimen. Local control rates 
were similar in each group at 32% at 5 years. Survival was 
not significantly different, with median survival 4.4 years 
(5-year overall survival estimate 48.5%) in the induc- 
tion arm and 5.1 years (5-year overall survival estimate 
51.9%) in the chemoradiation arm. The main weakness 
of this study is the alternating fractionation of the radia- 
tion, with the treatment regimen lasting greater than 
7 weeks, and total dose delivered was reduced to 60 Gy. 
Due to these differences in treatment regimen, it is dif- 
ficult to compare this result to conventional concurrent 
chemoradiation protocols. In contrast, the results of the 
RTOG 91-11 have shown that concurrent chemoradio- 
therapy had a greater loco/regional control compared to 
the sequential arm and radiation alone (74). This trial 
did not include hypopharynx carcinoma patients, but it 
does demonstrate that concurrent treatment similar to 
current regimens can result in improved locoregional 
control. 

Chemotherapy and radiation have also been studied 
in the treatment of cervical esophageal carcinoma. Results 
of these studies combined all esophageal carcinomas. 
One study from M.D. Anderson Cancer Center retrospec- 
tively reviewed 132 patients who received concurrent 
chemoradiation (76). Sixty patients underwent esopha- 
gectomy after treatment and compared to the remaining 
72 patients who had no surgery. Significant findings were 
noted in the surgical arm for local control (67% vs. 22%) 
and 5-year overall survival (52.6% vs. 6.5%). The addi- 
tion of induction chemotherapy was found to be supe- 
rior to concurrent chemoradiation and surgery alone ina 
subsequent study (77). The 5-year overall survival in the 
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induction arm followed by concurrent chemoradiation 
and surgery was 71% compared to 22% in the concurrent 
chemoradiation and surgery arm. Additional investiga- 
tion is required to validate the findings in these studies, 
but multimodality therapy in the treatment of esopha- 
geal carcinoma is noted to have significant survival 
benefit. 


SALVAGE SURGERY 


Salvage surgery for persistent or recurrent disease of the 
hypopharynx or cervical esophagus following the comple- 
tion of chemoradiation therapy may be particularly chal- 
lenging but can prolong disease-free interval (78). Uneven 
tumor regression, ill-defined tumor borders, radiation- 
induced soft tissue fibrosis, and poor wound healing make 
salvage surgery a challenging endeavor (79). However, 
median survival in patients with recurrent head and neck 
cancer without any additional therapy is 3.8 months 
(80). With salvage surgery, median survival increases to 
14 months after treatment of recurrent disease in the phar- 
ynx (78). From these two observations, salvage surgery is a 
viable option to prolong survival. 

A follow-up study to the RTOG 91-11 trial revealed that 
24.9% of all the patients required salvage laryngectomy 
(81). No significant survival difference was observed in any 
of the treatment arms (range 69% to 76%), which makes 
the point that surgical salvage is independent of prior 
therapy. Another study with promising result in salvage 
pharyngectomy for recurrent hypopharyngeal carcinoma 
comes from Toronto (82). They reviewed 72 patients 
with recurrent hypopharyngeal carcinoma who presented 
for surgical salvage. Their results demonstrated a 5-year 
overall survival of 31% with 5-year local and regional 
control rate of 70% and 71%. The presence of extracap- 
sular extension, positive surgical margins, lymphovascu- 
lar invasion, and nodal status was a negative predictor 
of local and regional control. These data are comparable 
to results from M.D. Anderson Cancer Center, where the 
authors reviewed their experience with induction che- 
motherapy and radiation for patients with hypopharyn- 
geal carcinoma (75). They found 2-year survival after 
salvage laryngopharyngectomy was 75%. Another report 
from Germany presented results that are more dismal 
after salvage laryngopharyngectomy (83). They reviewed 
28 patients with recurrent/persistent hypopharyngeal 
carcinoma, out of 134 patients who originally had organ 
preserving therapy, for surgical salvage. They found that 
only 2 of the 20 patients who had histologically proven 
recurrence were actually tumor free and alive after a mean 
observation time of 43.9 months. The authors concluded 
that patients must be informed of high morbidity and 
poor oncologic outcome after salvage surgery. 

An important point to address from these studies is 
the high morbidity in salvage surgery. The Toronto group 
reported a 75% pharyngocutaneous fistula, and the 
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German study reported 73% fistula rate (83,84). The high 
perioperative morbidity in the setting of marginal onco- 
logic control points to careful patient selection when 
performing salvage surgery for the hypopharynx. 


FUNCTIONAL OUTCOMES 


The hypopharynx and cervical esophagus represent the 
region of tightest control of bolus passage in the upper 
aerodigestive tract. Therefore, patients can feel a signifi- 
cant impact in their ability to maintain oral intake after 
treatment for their cancer. In surgical series of laryngo- 
pharyngectomy patients, despite good local control, the 
permanent gastrostomy rate still approaches 16% (38). 
In a review of the reconstruction of 153 postlaryngo- 
pharyngectomy patients, a stricture rate of 15% was also 
observed (82). 

Organ preservation protocols also have significant dys- 
phagia during and after treatment (85). Stricture rates have 
been reported as high as 20% postradiotherapy, with the 
hypopharynx primary being the most significant predic- 
tive factor (86). The introduction of intensity-modulated 
radiation therapy presents a recent advancement in the 
treatment of head and neck carcinoma with the advantage 
of a more accurate delineation of target volumes to spare 
the pharyngeal constrictors. However, this benefit may 
not be relevant in hypopharyngeal and cervical esopha- 
geal carcinoma (87,88). A recent series at M.D. Anderson 
Cancer demonstrated a 7% gastrostomy tube rate 2 years 
after organ preservation treatment for hypopharyngeal 
primary (Bhayani, et al. 2012, unpublished data). The 
authors found that patients who performed therapeutic 
exercises under the guidance of a speech pathologist and 
maintained some oral intake through radiation were less 
likely to have long-term gastrostomy tube dependence. 
Therefore, the incorporation of the speech pathologist 
in the multidisciplinary team is critical to the functional 
preservation of swallowing in patients with hypopharyn- 
geal and cervical esophageal carcinoma. 

Restoration of speech following total laryngopharyngec- 
tomy is accomplished with a tracheoesophageal puncture 
(TEP) and voice prosthesis. Because the presence of a bulky 
flap and variable position of the esophagus and neophar- 
ynx may interfere with TEP success, placement of the TEP 
is preferred as secondary procedure (89,90). Vocal intelligi- 
bility was between 72% and 81% in these case series, which 
is similar to another series from Australia (91). Primary TEP 
in the surgical series by Yu and colleagues found speech 
intelligibility of 41%, owing the poor result to periopera- 
tive complications and poor patient selection; therefore, 
the authors recommended secondary TEP for voice reha- 
bilitation in complex pharyngoesophageal reconstruction. 

Functional rehabilitation of speech and swallowing is 
possible with any curative therapy. The presence of speech 
pathology service dedicated to head and neck rehabilita- 
tion is a necessity to ensure optimal functional results. 


TABLE 
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Hemorrhage 
Fistula 
Aspiration 
Stricture 


COMPLICATIONS 


Complications encountered in surgery of the hypophar- 
ynx and cervical esophagus are similar to other major head 
and neck tumor resections (Tables 122.5 and 122.6). Poor 
wound healing and its sequelae, such as pharyngeal fistula, 
are the most common complications seen in the postop- 
erative period. Patient comorbidities, such as malnutrition, 
prior radiation therapy, hypothyroidism, and hypovita- 
minosis, are critical factors in contributing to these com- 
plications. Technical details, such as suture type, tension 
at mucosal anastomosis, tumor at the pharyngeal margin, 
and reconstructive flap choice, also contribute to fistula 
formation. 

Maintenance of a patent stoma is also a critical aspect 
in avoiding acute complications. Mucus plugging is a 
common occurrence postlaryngectomy. Diligent nursing 
care and frequent suctioning can avoid significant air- 
way obstruction. This aspect also applies to patients who 
are tracheostomy dependent following partial laryngeal 
surgery. 

Common delayed complications of surgery are stenosis 
and aspiration. Speech pathology consultation can provide 
therapeutic exercises to improve swallowing and reduce 
the risk of these issues. Regular dilation by either the head 
and neck surgeon or gastroenterologist, in conjunction 
with therapeutic exercises from the speech pathologist, can 
improve stenosis (92). 


TABLE 
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Obstruction 
Airway 
Tracheotomy 
Laser debulking 
Esophagus 
Feeding tube 
Fluid resuscitation 
Disimpaction 
Hemorrhage 
Isolate source 
Angiography 
Embolization 
Surgical ligation 
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Patients with hypopharyngeal and cervical esopha- 
geal carcinoma are typically malnourished, causing 
multiple medical problems. 

Submucosal extension with satellite lesions and ill- 
defined margins is a hallmark of these tumors. 
Hypopharyngeal carcinoma patients have a 60% 
to 80% rate of lymphatic metastasis at presenta- 
tion. Most common site of lymphatic metastasis is 
located in the jugulodigastric nodes. Paratracheal 
and paraesophageal nodal metastases are common 
in advanced-stage tumors. 

Cervical esophageal carcinoma patients have nodal 
spread to the paratracheal, paraesophageal, and 
upper mediastinal nodes. 

Retropharyngeal nodal involvement is common in 
tumors that extend into the retropharyngeal space. 
Surgical dissection of the space or radiation to these 
nodal levels is required as part of the treatment. 
Multidisciplinary evaluation by the head and neck 
surgeons, medical oncologists, radiation oncolo- 
gists, plastic surgeon, radiologist, dentist, nutri- 
tionist, and speech pathologist is required prior to 
initiating treatment. 

Definitive radiation is an appropriate treatment for 
early-stage tumors of the hypopharynx. Surgery for 
these lesions may disrupt the pharyngeal plexus, 
which can create significant swallowing dysfunction. 
Advanced-stage tumors are best managed with total 
laryngopharyngectomy + esophagectomy with free 
tissue reconstruction. Oncologic resection should 
not be compromised by reconstructive method. 
Organ preservation using chemotherapy and radia- 
tion therapy provides good local and regional con- 
trol rates with acceptable morbidity. Surgical salvage 
is possible in the appropriately selected patient. 
Successful rehabilitation of speech and swallowing is 
feasible no matter the treatment modality in the moti- 
vated patient with a well-trained speech pathologist. 
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Early Laryngeal Cancer 


Parul Sinha 


The term “early laryngeal cancer” refers to a mucosally 
derived neoplastic lesion that may invade deeply into soft 
tissue, but not into the underlying cartilage. The majority 
of literature reports include carcinoma in situ (CIS), T1 and 
T2 lesions in the spectrum of early laryngeal cancer. At the 
glottic level, early cancer implies a local lesion limited to 
single or multiple sites in the glottis or adjacent laryngeal 
subsites that might impair the cord mobility but does not 
cause cord fixation. Overall, these lesions display patho- 
logic invasiveness and a potential to metastasize, which 
exceeds that of CIS but is less than deeply infiltrating carci- 
noma (1). By contrast, early supraglottic cancer may not be 
confined to the primary site because of its regional meta- 
static behavior. Pathologic invasion of the epiglottic carti- 
laginous foramina, short of entering the preepiglottic space 
(PES), is included. 


Laryngeal cancer is the second most common type of 
head and neck cancer worldwide, with an estimated inci- 
dence of 151,000 cases resulting in about 82,000 deaths 
annually (2). With a male-to-female ratio of 6:1, laryn- 
geal cancer is also the 13th most common cancer in men 
worldwide (2). Geographic variations in the incidence 
and mortality of laryngeal cancer suggest that a larger pro- 
portion of the cases occur in South-Central Asia, Eastern 
Asia, Central Europe, and Eastern Europe (2): incidence 
in the United States has declined, associated with reduced 
smoking (3). 

In the United States, laryngeal cancer accounts for about 
one-fourth of the annual cases of head and neck cancer with 
an estimated incidence of 12,720 cases (4). Overall, about 
60% of laryngeal cancer cases are diagnosed as “early laryn- 
geal cancer” and encompass the Tis, TINOMO, or T2NOMO 
categories (5). These commonly arise from the glottis and 
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are mostly squamous cell carcinoma (6). Variation in site 
predominance, however, has been reported across ethnic 
groups; for example, glottic cancers appear to be the most 
common in Caucasians, while in African Americans, the 
incidence of glottic and supraglottic cancers appear to be 
equal (7). 


Smoking and alcohol consumption are well-established 
etiologic factors for laryngeal cancers. Their combined 
use has been associated with a multiplicative effect for the 
tisk of developing laryngeal cancer (8,9). A recent study 
by Hashibe et al. (10) showed that the incidence of can- 
cers attributable to tobacco and alcohol exposure was 
the highest in larynx of all head and neck cancer sites at 
89%. About 5% of laryngeal cancers occur in nonsmok- 
ers and nondrinkers, suggesting that other factors such as 
diet, gastroesophageal reflux, previous radiation, and viral 
infection may also contribute (11). Human papillomavirus 
types 16 and 18 have been detected in frequencies rang- 
ing from 5% to 32% of analyzed samples in laryngeal can- 
cer (11). Occupational exposures to wood dust, polycyclic 
hydrocarbons, and asbestos have also been associated with 
increased risk for developing laryngeal cancer (12). 


Genetics 


Genetic alterations have been shown to underlie the devel- 
opment of precancerous lesions and their progression to 
invasive laryngeal carcinoma (13-15). Loss of heterozy- 
gosity and microsatellite instability at certain genetic loci 
has been identified in the progression to invasive laryngeal 
cancer (13). 


1. Mutations in p16, a tumor suppressor gene located at 
chromosome 9p?1, occur in over half of laryngeal squa- 
mous cell carcinomas and are believed to occur early 
in the progression to invasive squamous cell carcinoma 
(SCC) of the larynx (16). 

2. Overexpression of cyclin D1, a key cell-cycle regulatory 
protein, results in increased cellular proliferation and 
tumorigenesis (17). It has also been shown to corre- 
late with poor prognosis, recurrence, and lymph node 
metastasis (18). 

3. Alterations in p53, a tumor suppressor gene that maps 
to the 17p13 locus, result in destabilization of genomic 
repair processes leading to tumorigenesis (17). 


Pathology 


Laryngeal cancer is thought to arise from precancerous 
lesions. These precancerous lesions are characterized by 
atypical cellular changes with malignant features (loss of 
cell maturation, nuclear atypia, increased mitotic activity) 
that occur in response to carcinogenic exposures especially 
tobacco smoke and alcohol. The precancerous lesions 
include dysplasia (graded from “mild” to “severe” depend- 
ing on the extent of epithelial involvement) and CIS 
(involvement of the whole thickness of the epithelium). 
These preinvasive lesions are, by definition, confined 
to the epithelium of the larynx with an intact basement 
membrane. Progression to microinvasive and invasive car- 
cinoma is characterized by infiltration of basement mem- 
brane and the underlying tissue. 

Histologically, squamous cell carcinomas account for over 
95% of primary laryngeal cancers and arise from the strati- 
fied squamous epithelium lining the larynx (8). Other less- 
commonly encountered histologic types of primary laryngeal 
cancer include verrucous squamous cell carcinoma (a highly 
differentiated variant with low incidence for metastases), 
adenocarcinoma, spindle cell carcinoma, fibrosarcoma, and 
chondrosarcoma. Neuroendocrine tumors, though rare, are 
the most common nonsquamous tumors encountered and 
have a predilection for the supraglottic larynx. 


ANATOMY OF THE LARYNX 


The laryngeal skeleton is composed of cartilages—thyroid, 
cricoid, arytenoids, epiglottis, cuneiform, and corniculate— 
interconnected with ligaments and membranes and moved 
by groups of intrinsic and extrinsic laryngeal muscles (see 
Fig, 124.2). 

Anatomical subsites: The larynx is divided into three 
regions: supraglottis, glottis, and subglottis. The supraglottis 
extends from the epiglottis to the ventricular apices, encom- 
passing the false cords, aryepiglottic folds, the arytenoids, 
and the laryngeal surface of the epiglottis. The glottis contains 
the true vocal cords, the anterior commissure, the interaryte- 
noid region, and the floor of the ventricles. It extends infe- 
riorly to 1 cm below the plane of the apex of the ventricles. 
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The true vocal cords thicken at the anterior commissure and 
form the macula flava, anterior to which the ligaments merge 
into the Broyle tendon. The Broyle tendon, also known as 
anterior commissure tendon, gets inserted into the thyroid 
cartilage. The subglottis extends from 1 cm below the apex of 
ventricles to the lower border of the cricoid cartilage. 

Laryngeal membranes: The conus elasticus or the cricovocal 
membrane arises from the inner surface of the cricoid arch 
and extends superiorly to attach anteriorly to the inner sur- 
face of the thyroid cartilage and posteriorly to the tip of 
the vocal process of arytenoids. Its free upper border thick- 
ens to form the vocal ligament. The quadrangular membrane 
extends between the arytenoids and epiglottis. Its upper 
border forms the aryepiglottic fold, while the free lower 
border constitutes the false cord. The thyrohyoid membrane 
is another fibroelastic membrane that attaches inferiorly to 
the upper border of the thyroid cartilage and superiorly to 
the posterior surface of hyoid bone. 

Laryngeal spaces: Knowledge of laryngeal spaces is impor- 
tant to the understanding of the spread of laryngeal cancer 
and, therefore, planning of conservation surgical procedures. 
The preepiglottic space or the space of Boyer lies anterior to the 
infrahyoid epiglottis. It is bounded superiorly by the hyoepi- 
glottic ligament, inferiorly by the attachment of epiglottis to 
the thyroid and anteriorly by the thyrohyoid membrane and 
upper part of the thyroid cartilage. It contains fibrofatty tis- 
sue and numerous lymphatic channels. Laterally, it merges 
with the paraglottic space. The paraglottic space surrounds 
the laryngeal ventricle and is bounded anterolaterally by the 
thyroid cartilage, posterolaterally by pyriform sinus mucosa, 
superomedially by quadrangular membrane, and inferome- 
dially by conus elasticus. The paraglottic space provides an 
important route to extralaryngeal spread of cancer. 

Lymphatic pathways: The supraglottis has a rich lymphatic 
network. The lymphatics drain primarily to the upper jugu- 
lar (level Il) chain of lymph nodes. It can extend to the 
middle (level III) and lower jugular groups (level IV), and 
depending on the site of tumor, cross-drainage may occur 
to the contralateral nodes. Lymphatic drainage from the 
glottis is essentially nonexistent although the cords them- 
selves have a network of superficial mucosal lymphatics. 
The paratracheal (level VI) group of lymph nodes is the 
primary echelon of lymphatic drainage from the subglottis 
that may further spread to the delphian node and upper 
mediastinal (level VH) or the level IV nodes. 

Blood supply: The arterial blood supply to the supraglot- 
tic larynx is derived from the superior laryngeal artery, a 
branch of the superior thyroid artery; the lower half of the 
larynx is supplied by the inferior laryngeal branch of the 
inferior thyroid artery. 

Nerve supply: Sensation above the vocal fold is supplied 
by the internal branch of the superior laryngeal nerve, 
whereas the external branch provides motor supply to the 
cricothyroid muscles. Both sensory and motor innerva- 
tions below the vocal fold are provided by the recurrent 
laryngeal nerve. 
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EARLY SUPRAGLOTTIC CANCER 


Supraglottic squamous cell cancers comprise 30% to 40% 
of laryngeal cancers in the United States (5,19). The lesions 
are often silent in their early stages and may present with 
non-site-specific symptoms such as a sore throat or referred 
otalgia. Persistent dysphagia or aspiration does not usually 
manifest until the primary tumor attains significant bulk. 
Due to abundant lymphatic outflow, an enlarged metastatic 
neck node is another mode of presentation for early supra- 
glottic tumors. The incidence of cervical metastasis at pre- 
sentation, however, depends upon the T stage, location, and 
differentiation of the primary tumor and is reported to vary 
from zero to approximately 33% in T1-T2 tumors (20). 


Surgical Pathology 


Whole-organ laryngeal section studies (21,22) and 
numerous clinical observations (23-25) have postulated 
the supraglottic larynx as a distinct anatomic laryngeal 
subunit, above the true vocal cords. This compartmen- 
talization is partly attributed to separate embryologic deri- 
vations, with the supraglottic structures emanating from 
branchial arches III and IV (buccopharyngeal anlage) and 
the glottic-subglottic structures from branchial arch VI 
(tracheopulmonary anlage). However, no specific anatom- 
ical structure has been identified that might act as a barrier 
between the supraglottic and glottic regions (23). 

Early tumors spread within the confines of the supra- 
glottic unit. This concept combined with an understand- 
ing of the key avenues of extension, makes supraglottic 
laryngectomy (SGL), endoscopic or open, a highly effective 
option for treatment of early-stage cancers. Infrequently, 
invasion of the glottis can occur when the tumor of the epi- 
glottic petiole extends inferiorly or when extension from 
the undersurface of the false cord reaches the ventricle. 

A certain subset of tumors arises in the (infrahyoid) 
angle between the epiglottis and the anterior false cord. 
Dubbed “engelkarzinom” by our German colleagues, this 
presentation may have considerable deep extension toward 
or into the PES. 

The epiglottic perichondrium and the thyroepiglottic 
ligament limit anterior extension, but the tumor spreads 
into the fatty areolar tissue of the PES via infiltration 
through the epiglottic cartilage fenestrations. Involvement 
of PES implies a T3 stage, but insidious extension in this 
direction can occur in early supraglottic lesions, particu- 
larly if the tumor originates in the infrahyoid epiglottis. In 
the PES, there is a transition of the tumor edge from “infil- 
trating” to broad, “pushing” type with a pseudocapsule, 
probably arising from the expanded epiglottic perichon- 
drium (21). A tumor-free space usually exists between the 
hyoid bone and the advancing front of the tumor, a feature 
that makes preservation of the hyoid in SGL oncologically 
safe and functionally superior. In late tumors, extralaryn- 
geal spread occurs when extension is observed anteriorly 


from the PES, breaching the thyrohyoid membrane, some- 
times reaching the strap muscles. Another late route of 
extralaryngeal spread is through the hyoepiglottic ligament 
to the vallecula and tongue base superiorly. Deep lateral 
extension of the supraglottic tumor to the thyroid cartilage 
is rare; ossified cartilage has higher susceptibility to inva- 
sion. Lesions of the aryepiglottic fold may spread laterally 
to involve the medial wall of pyriform sinus. 


Staging and Treatment Planning 


A complete workup to assess the patient, the subsite and stage 
of primary tumor, and the presence of cervical lymphade- 
nopathy is indicated (Table 123.1). This includes a thorough 
history and physical examination, including neck palpation 
and fiberoptic laryngoscopy. This affords direct visualization 
of the tumor extent, arytenoid involvement, and cord mobil- 
ity. Cord hypomobility implies paraglottic space invasion, 
and cord fixation upstages the primary tumor to T3. 

Assessment of comorbidity, particularly, pulmonary 
diseases, is a crucial component of preoperative planning 
for conservation surgery. Patients with poor pulmonary 
reserve, as determined by forced expiratory volume in one 
second (FEV1) of greater than 75% or FEV1/FVC (func- 
tional vital capacity) ratio of less than 65%, are at greater 
risk of troublesome aspiration. 

For T2 lesions, radiologic evaluation with computed 
tomography (CT) or magnetic resonance imaging (MRI) is 
performed to determine the extent of the primary and to 
rule out involvement of the PES, the paraglottic space, or 
the inner thyroid cortex, factors that escalate the T stage. 
CT, MRI, and especially gray-scale ultrasonography can reli- 
ably assess cervical lymphadenopathy, supplemented by 
ultrasound-guided fine-needle aspiration (FNA), if indi- 
cated. The latter is particularly useful in decision making for 
or against treating the contralateral neck (see “Management 
of the Neck”). Chest radiography, CT, or positron emission 
tomography (PET) is used to evaluate distant metastasis or 
second primary tumors in smokers. 

Operative direct laryngoscopy should be performed 
along with photodocumentation to accurately assess the 
primary tumor and obtain biopsies for diagnosis and/or 
mapping in postradiation, recurrent cases. It also provides 
the opportunity to determine the suitability for a conserva- 
tion procedure and decide the ideal approach—transoral 
or open. Occasionally, exophytic bulk conceals the accu- 
rate determination of the inferior tumor extent, whereupon 
rigid telescopes may be helpful. To detect synchronous pri- 
maries, a complete examination of the upper aerodigestive 
tract (UADT) mucosa is performed. 


Treatment 


Single-modality therapy with primary surgery or defini- 
tive radiotherapy (RT) are the two alternative treatment 
approaches for early supraglottic tumors. RI alone, 


TABLE 


Supraglottis 


History and physical examination, office-based fiberoptic 

laryngoscopy 

Imaging: Office neck ultrasonography, CT/MRI for assess- 

ment of primary tumor and neck, chest CT or PET 

Pulmonary function test 

Direct laryngoscopy under anesthesia for biopsy and 

assessment of 

— Site, size, and extent of primary tumor 

— Tumor extension to vallecula, tongue base, pharyngeal 
wall, medial wall of piriform sinus, arytenoid/ventricle 

— Cord mobility 

Palpation of neck nodes 

Adequacy of transoral exposure 

— UADT examination for second primaries 
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123.1 DIAGNOSTIC APPROACH TO EARLY SUPRAGLOTTIC AND GLOTTIC CANCERS 


Glottis 


¢ History and physical examination, office-based fiberoptic laryngos- 
copy and videostroboscopy 
¢ Imaging: Limited role, evaluation of invasion in bulky 
lesions 
¢ Pulmonary function test 
¢ Direct laryngoscopy under anesthesia for biopsy and 
assessment of 
— Site, size, surface, and extent of primary tumor 
— Tumor extension to subglottis, arytenoid, supraglottis, 
anterior commissure, petiole of epiglottis 
— Cord mobility 
— Adequacy of transoral exposure, especially anterior 
commissure 
— UADT examination for second primaries 


UADT, upper aerodigestive tract. 


however, is less effective for local control (26), and high 
laryngectomy rates (14% to 31%) for recurrent tumors 
(27,28) have made this option less acceptable than pri- 
mary surgery. T1 and T2 primaries are amenable to cura- 
tive treatment by conservation surgery with an optimum 
oncologic control and minimal functional morbidity. Total 
laryngectomy was the only procedure commonly used for 
treatment of supraglottic cancer until 1946 when Alonso 
(29) first described the procedure of SGL. The SGL tech- 
nique was later refined by Joseph Ogura in 1958 (30) and 
Max Som in 1959 (24). The modern paradigm of conserva- 
tion surgery for supraglottic tumors, however, is minimally 
invasive, endoscopic transoral laser microsurgery (TLM), 
first introduced by Vaughan et al. in 1978 (31) and fur- 
ther popularized by Davis et al. (32) and Steiner (33-36). 
Numerous publications within the last two decades on 
TLM for supraglottic tumors demonstrate evidence of both 
comparable (or superior) survival rates and functional 
preservation rates compared to open surgical procedures. 
This makes TLM a widely preferred surgical tool in the 
armamentarium of organ preservation treatment for supra- 
glottic cancer (37,38). Limited reports of technical feasibil- 
ity also now exist for use of the da Vinci robotic surgical 
system (39). 


SURGERY 


Endoscopic Procedures 


Transoral Laser Microsurgery 

The concept of endoscopic management of supraglottic 
cancer dates back to 1939 when Jackson and Jackson (40) 
first described the use of the laryngoscope for resection of 
cancer of the suprahyoid epiglottis (Figs. 123.1A, 123.2, 


and 123.3). Coupling of the carbon dioxide (CO,) laser 
to the operating microscope in 1969 by Strong and Jako 
(41) heralded the advent of TLM. The basic technique of 
transtumoral cuts to assess the depth of disease and mul- 
tibloc transoral laser resection is distinct from the time- 
honored principle of en bloc tumor resection, espoused in 
open techniques, where exposure of large surface areas of 
dissected tissue occurs. The transoral approach, however, 
makes it possible to resect the primary tumor with opti- 
mally cleared histologic margins and, at the same time, 
preserve the anatomical and functional integrity of the 
noninvolved, surrounding tissue. The resection can be tai- 
lored according to tumor location and extension. A clas- 
sification of different types of endoscopic SGL has been 
described by the European Laryngological Society (ELS) 
(Table 123.2) (42). The fundamental requirements for 
TLM include careful training in technique, knowledge of 
site-specific “inside out” anatomy, good endoscopic access, 
and strict enforcement of laser-specific precautions in the 
operating room. 

Contraindications: The major contraindication to TLM 
for early supraglottic cancers is inadequate transoral access 
to the entire tumor. We have proposed 8 ‘T’s (45) as limi- 
tations of endoscopic access: teeth (prominent), trismus, 
transverse dimensions (narrow mandibular arch), tori 
(mandibular), tongue (bulk), tilt (atlanto-occipital exten- 
sion), treatment (prior radio- or chemoradiotherapy), and 
tumor (site and size). Once adequate exposure is obtained, 
there are few technical constraints in terms of curative 
resection with TLM, even in the presence of intraopera- 
tive upgrade of T2 tumors to T3, secondary to spread into 
the preepiglottic or paraglottic space, glottis, arytenoid, or 
thyroid cartilage. A further contraindication is disease that 
requires bilateral arytenoid resection, which causes a high 
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Open horizontal 


6. Thyroid cartilage 

7. False cord 

8. True cord 

9. Ventricle or Morgani 
10. Cricoid 

11. Arytenoid 


1. Epiglottis 

2. Hyoepiglottic ligament 

3. Hyoid 

4. Pre-epiglottic space 

5. Thyrohyoid space/membrane 


Figure 123.1 Supraglottic Laryngectomy. A: Incisions for TLM (red) and open horizontal (black) pro- 
cedures, sagittal view. B: External incisions for open horizontal procedure. Note less resection of nor- 
mal structures in TLM. Extensions (dotted line) in either technique may include hyoid and/or arytenoid. 


potential for defunctionalization of safe swallowing, espe- 
cially in context of poor pulmonary reserve, other major 
comorbidities, or compromised performance status. 
Surgical technique: After induction of anesthesia and 
intubation with a 5-mm inner diameter (preferable) 
laser endotracheal tube, the usual safety precautions are 
observed for protection of eyes and face of the patient. 


False vocal fold 
S 


Ventricle of 
Morgani -- 


True vocal fold ' 
( } / Aryepiglottic fold 


Figure 123.2 Incisions for multibloc TLM resection of supraglot- 
tic tumor. Blocs 1-4 are removed in numerical order. 


An Aquaplast mouth guard is fashioned to protect the 
patient’s teeth and upper gingiva. Optimum visualization 
of the operative site is obtained with introduction of laryn- 
goscopes, standard tubed or bivalved, for example, Steiner, 
Weerda, Kleinsasser. The laryngoscopes may need to be 
changed or repositioned during the procedure for a satis- 
factory exposure. Transoral resection is performed with a 
CO, laser beam delivered either via micromanipulator or 
a handheld device, although rapid debulking may initially 
be performed with electrocautery. For margin manage- 
ment, the high-precision and relatively bloodless cutting 
characteristics of laser, under high magnification, facilitate 
clear intraoperative distinction between tumor and normal 
tissue. Surgical techniques specific to tumor size and sub- 
site are described below. 

Suprahyoid epiglottis. Small and well-circumscribed pri- 
maries may be resected en bloc for efficiency of margin eval- 
uation. For larger lesions, the epiglottis is divided sagittally 
from superior to inferior, followed by lateral cuts across 
the vallecula, lateral pharyngoepiglottic fold, and the epi- 
glottis, bilaterally if necessary, to complete resection of the 
tumor. Wide resection margins can be obtained at this site 
without swallowing morbidity. 

Infrahyoid epiglottis: Early primaries of the infrahyoid epi- 
glottis need to be addressed with caution because of close 
proximity to the PES. However, some tumors may be “key- 
holed” out of the epiglottis by excising a disc of mucosa 
and epiglottic cartilage containing the disease, with peri- 
chondrium, using the preepiglottic fat as the deep margin. 
When the disease is more extensive across the laryngeal 
surface of the epiglottis, the suprahyoid epiglottis may 


be split sagittally (Fig. 123.2) and an ipsilateral hemiepi- 
glottectomy performed. A second, medial to lateral cut is 
made in the nadir of vallecula to incise around the epiglot- 
tis with adequate margins of at least 5 mm. As this incision 
progresses to transect the lateral pharyngoepiglottic fold, 
identification of the superior laryngeal artery and/or its 
branches may be necessary. When identified, they should 
be clipped before division, failing which they may retract 
into the lateral soft tissues. Incisions are further made lat- 
erally, until the hyoid is reached, to detach the specimen 
and also partially excise the fatty areolar tissue in the PES. 
This is facilitated by application of neck pressure applied 


TABLE 
P45) AND GLOTTIS CANCER 


Endoscopic SGL (42) 


Type I, limited excision of small size, superficial lesions in any 
part of the supraglottis 
Type Il, medial SGL without resection of the PES 
Type lla, superior hemiepiglottectomy 
Type Ilb, total epiglottectomy 
Type Ill, medial SGL with resection of the PES 
Type Illa, without extension to the ventricular fold 
Type Illb, with extension to the ventricular fold 
Type IV, lateral SGL 


Type IVa, includes ventricular fold 
Type IVb, includes arytenoid 
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B 
Figure 123.3 Endoscopic image of T2 supraglottic tumor, (A) pre- and (B) post-TLM resection. 


externally on the larynx to bring the hyoid into laryngo- 
scopic view. 

Should there be PES involvement, this tissue is com- 
pletely excised by advancing the dissection caudal to the 
hyoid and peeling tissue off the inner thyrohyoid mem- 
brane until the superior border of the thyroid cartilage is 
identified. The dissection is continued further anteroin- 
feriorly, along the thyroid inner perichondrium, past the 
midline thyroid notch to reach the level of the petiole 
immediately above the anterior commissure. 

To facilitate removal of inferior tumor or remaining epi- 
glottis, a mucosal incision is made across the aryepiglottic 


ELS CLASSIFICATION OF ENDOSCOPIC SURGERIES FOR EARLY SUPRAGLOTTIS 


Endoscopic Cordectomy (43,44) 


Type |, subepithelial cordectomy 


Type Il, subligamental cordectomy 


Type Ill, transmuscular cordectomy 


Type IV, total cordectomy 


Type V, extended cordectomy 
Type Va, encompassing the contralateral vocal fold and the anterior 
commissure 
Type Vb, encompassing the arytenoid 
Type Vc, encompassing the ventricle 
Type Vd, encompassing subglottis (1 cm) 
Type VI cordectomy for cancers of the anterior commissure 
Extension to one or both of the vocal folds, without infiltration of 
the thyroid cartilage 
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fold and extended inferiorly to cross the false cord, then 
proceeding anteriorly in the ventricle toward the midline, 
allowing removal of the remaining epiglottis. These inci- 
sions are made uni- or bilaterally according to tumor dis- 
tribution. 

False cord: Tumors at these sites can be completely 
resected using similar TLM techniques. The depth of exci- 
sion is determined by a transverse cut through the tumor’s 
epicenter, and the surface extent of tumor determines the 
design of the mucosal incisions; inferiorly, the dissection is 
usually carried to the level of the ventricle or the superior 
vocal cord. A safe lateral oncologic margin of 5 mm can 
be obtained for lesions confined to the false cord without 
any significant functional impairment. However, the infe- 
rior deep margin may be closer (1 to 2 mm) and histologic 
negativity is confirmed with frozen section. 

Aryepiglottic fold: Small and superficial lesions can be 
excised en bloc. The resection is tailored depending on the 
tumor extent and any extension to arytenoids or medial 
hypopharyngeal wall is carefully assessed and addressed. 
The general principle is to split transversely through the 
tumor and the fold until sufficient deep tissue margin (2 to 
5 mm) is established, followed by appropriately oriented 
perimeter cuts for mucosal clearance. When necessary, the 
arytenoid may be shaved away serially from anterior to 
posterior, leaving the posterior body undisturbed. 

Hemostasis: Meticulous hemostasis should be ensured 
during and at completion of all TLM procedures for supra- 
glottic tumors. Bipolar cautery using the 22-cm Stryker 
Silverglide bipolar forceps design, directly down the endo- 
scope, is especially useful for mucosal bleeding, common 
along epiglottic and base of the tongue incisions. Because 
of proximity to or exposure of the superior laryngeal artery 
or its branches, hemostasis is critical when the procedure 
involves transection of lateral pharyngoepiglottic fold 
or dissection of lateral supraglottic mucosa. This vessel 
should be doubly or triply clipped at identification dur- 
ing TLM. It is also prudent to clip the superior laryngeal 
and/or superior thyroid artery during any neck dissection, 
to further obviate the risk of delayed primary or second- 
ary hemorrhage. Before extubation, the laryngoscope is 
desuspended to allow for reduction of any temporary 
hemostatic tamponade, and Valsalva maneuvers are used 
to stimulate dormant bleeders. A tracheostomy, of course, 
provides optimal protection against major, unexpected late 
hemorrhage into the airway. 

Frozen section analysis: Meticulous orientation of the 
specimen by marker (e.g., suture or clip) is recommended 
before removal from the patient, following which the sur- 
gical margin is inked carefully for pathologic analysis. It is 
incumbent on the surgeon to inform the pathologist that 
part of the specimen intentionally contains a nonmargin 
area of tumor cut through. Mono- or multibloc resection 
is performed until histologically negative margins are 
secured on frozen section. A minor discrepancy of about 
2% (46) has been reported to occur between frozen section 


and permanent section results, but this can be adequately 
addressed with margin re-resection using repeat TLM. Heat 
or crush artifact may sometimes make adequate pathologic 
determination of the resection margin difficult and the sur- 
geon’s discretion becomes important in such situations to 
judge the adequacy of the actual extent of margin resec- 
tion. 

Postoperative care: A 3-week course of broad-spectrum 
antibiotics and antireflux measures is instituted in the 
postoperative period. Resection for early supraglottic can- 
cer seldom requires prolonged intubation or tracheostomy. 
Nasogastric feeding is usually avoided for small resections 
but may be prudent in the initial postoperative period. 
Rehabilitation measures to improve swallowing with pos- 
tural modifications and a supraglottic diet are commenced 
at an early stage. Functional recovery is usually rapid, with 
return to normal swallowing function within a relatively 
short period, facilitated by good pain control. 

Complications: TLM procedures pose a risk of airway laser 
fire and methods of prevention include reduction of the 
inspiratory oxygen concentration to less than 30% (47), 
use of a laser endotracheal tube, or placement of laser- 
proof covering over nonlaser tubes. There is a risk of sec- 
ondary hemorrhage following TLM during postoperative 
day 0 to day 21. This can be obviated by taking adequate 
precautions during the procedure as discussed above (48). 
Postresection edema of the remaining supraglottic mucosa, 
especially on the arytenoids, may compromise the airway 
in the postoperative period. This often resolves with admin- 
istration of steroids in limited resection. Tracheostomy is 
seldom required. Airway obstruction may be more persis- 
tent after TLM for radiation-recurrent tumors, sometimes 
necessitating a tracheostomy or transoral laser resection 
of edematous supraglottic mucosa. Severe aspiration can 
result in pulmonary complications but is infrequently seen 
for early supraglottic tumor resection. Resection of the ary- 
tenoid, aryepiglottic fold, or tongue base will increase the 
risk of aspiration. Extensive defects may result in supraglot- 
tic stenosis. Complications due to laryngoscope pressure 
such as dental and mandibular trauma, pharyngeal tears, 
tongue swelling, laceration, and numbness or loss of taste 
may also occur. 


Transoral Robotic Surgery 

Transoral surgery using the da Vinci robotic surgical sys- 
tem was recently reported to be suitable for performing 
SGL in humans (38). The three-armed robotic system is 
said to confer improved, three-dimensional optics and tis- 
sue manipulating/cutting maneuverability. However, some 
optical resolution is lost over a high-quality operating 
microscope. The “endowrist” design allows for flexibility in 
movement at the end of the robotic instruments. However, 
the arms carrying such flexible working tips are straight, 
are rigid, and cannot be maneuvered down a laryngo- 
scope, necessitating spatulate retraction of the tongue. In 
reality, laryngoscopic exposure may be required to obtain 


optimum exposure and the rigid robotic arms cannot be 
used inside laryngoscopes, needing approximately 30 
degrees of axial offset angle to work through the mouth 
and pharynx. Furthermore, with a 12-mm diameter endo- 
scope for viewing plus two 8-mm (or 5-mm) surgical arms 
and a suction device, there is significant instrument crowd- 
ing that currently limits this instrument's application in 
supraglottic tumors. 

As a fledgling transoral approach, the setup time, 
expense, and compatibility issues of transoral robotic sur- 
gery (TORS) with the routine operating requirements, such 
as neck dissection, confine its niche to select treatment 
centers. Currently, the robot appears to offer no advantage 
over endoscopic laser resection although its application in 
supraglottic tumors may increase with future refinements. 


Open Conservation Procedures 


Horizontal Supraglottic Laryngectomy 

(see Fig. 123.1A,B) 

“Open” SGL entails resection of the epiglottis, false cord, 
aryepiglottic folds, hyoid, and upper half of the thyroid 
cartilage. It includes complete resection of PES. This proce- 
dure spares the true cords, at least one arytenoid, and the 
tongue base, structures that are vital to phonation, respira- 
tion, and deglutition, and also avoids the need of a per- 
manent tracheostomy. In early-stage tumors, the basic SGL 
can be modified to preserve the hyoid bone. “Extended” 
SGL may be performed for lesions extending to vallecula, 
tongue base, ipsilateral arytenoid, and medial wall of pyri- 
form sinus. A tracheostomy is always required at the time 
of resection. 

Contraindications: Paraglottic space involvement, cord 
fixation, thyroid cartilage invasion, bilateral arytenoid or 
interarytenoid space involvement, tumor extension to the 
pyriform sinus apex, and extensive tongue base involve- 
ment are contraindications for open SGL. The procedure is 
also contraindicated in patients with poor motivation and 
respiratory insufficiency. 

Surgical technique: A preoperative laryngoscopy is per- 
formed to reassess the extent of primary tumor and a pre- 
liminary tracheostomy is secured. An apron incision is 
made and subplatysmal flaps are raised. The hyoid bone is 
skeletonized and infrahyoid muscles are detached from the 
body and greater cornua of the hyoid, in preparation for 
the superior pharyngotomy. The greater cornu should be 
skeletonized with care because of proximity to the hypo- 
glossal nerve. 

The superior thyroid neurovascular pedicle is divided 
and ligated on the side of the tumor and the constrictors are 
separated from the posterior edge of the ipsilateral thyroid 
ala. An incision is made through the perichondrium along 
the superior border of the thyroid cartilage and a perichon- 
drial flap is reflected inferiorly below the level of the true 
cord, thus exposing the upper two-thirds of the thyroid car- 
tilage. The thyroid cartilage is transected horizontally just 
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above the midpoint between the thyroid notch and lower 
border including the superior cornu on the tumor side. The 
incision is extended horizontally across to the other side or 
obliquely to preserve the contralateral superior cornua of 
the thyroid cartilage. 

The pharynx is entered superiorly infrahyoid, through 
the vallecula if the tumor is confined to the supraglot- 
tic larynx. For tumors with extension to the vallecula, a 
suprahyoid or lateral pharyngotomy approach through 
the contralateral pyriform sinus is utilized. The epiglot- 
tis is delivered outward through the pharyngotomy and 
retracted to visualize the laryngeal introitus. Connecting 
mucosal incisions are made through the aryepiglottic 
folds on both sides, anterior to the arytenoids. The cuts are 
extended through the posterior part of the false cords into 
the ventricle and connected to the thyroid cartilage inci- 
sions to complete resection. An inferior margin of about 
2 to 3 mm normal mucosa has been found to be adequate 
to prevent recurrence at the glottic level (49). Resection of 
all supraglottic mucosa including uninvolved false cord is 
recommended to prevent postoperative edema. The role 
of cricopharyngeal myotomy in SGL for better swallowing 
outcomes lacks consensus. 

After securing complete hemostasis, the defect is recon- 
structed by suturing the thyroid perichondrial flap to the 
deep musculature of the tongue base with 3-0 Vicryl. A 
second reinforcing layer is created by suturing the supra- 
hyoid muscles to the cut edges of infrahyoid musculature. 
The neck incision is closed after placement of a closed suc- 
tion drain. The tracheostomy tube is reinserted through a 
separate incision in the lower skin flap and care is taken to 
isolate the stoma from the major resection wound in order 
to prevent contamination of the neck. 

Postoperative care: Routine care of wound, tracheostomy, 
and neck drain is instituted. Feeding is initiated through 
a nasogastric tube. As the postoperative edema resolves, 
the tracheostomy cuff is deflated, and depending upon the 
patient’s tolerance and absence of signs of aspiration, a 
decannulation trial is commenced. Intensive swallow reha- 
bilitation is initiated under supervision, with a “supraglot- 
tic” diet initially followed by a normal diet as judged by the 
patient's ability to swallow without difficulty or aspiration. 

Complications: Severe aspiration after SGL can lead to 
recurrent aspiration pneumonia. Intractable life-threat- 
ening aspiration, particularly in patients undergoing 
extended SGL for tongue base or arytenoid involvement, 
may require a functional total laryngectomy. Hemorrhage, 
infection, accidental decannulation, and subcutaneous 
emphysema are other possible complications. 


Supracricoid Laryngectomy 

Supracricoid laryngectomy (SCL) was first introduced by 
Majer and Reider in 1959 as a conservation procedure for 
laryngeal cancer with later refinements in the procedure 
proposed by Labayle, Bismuth and Piquet (50). It entails 
en bloc resection of the PES, paraglottic space, and thyroid 
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cartilage, yielding outcomes comparable to total laryngec- 
tomy in selected cases but preserving functions of phona- 
tion and deglutition without a permanent tracheostoma. 
The indications of SCL in T2 supraglottic cancers are 
lesions that are not ideal candidates for SGL by the virtue 
of their extension to the ventricle, the anterior commissure, 
or the glottis with or without impaired cord mobility. 

Contraindications: Invasion of the cricoid cartilage, bilat- 
eral arytenoid involvement, extension into the base of the 
tongue, vallecula or hypopharynx, and fixation of aryte- 
noids are contraindications for SCL. 

Surgical technique: A direct laryngoscopy is recom- 
mended at the onset for reevaluation of the tumor and its 
suitability for resection with SCL. After adequately skel- 
etonizing the larynx, the inferior constrictors are incised 
along the lateral border of the thyroid cartilage followed 
by release of the pyriform sinuses from the inner thyroid 
cartilage. The external thyroid perichondrium is preserved 
bilaterally. During division of the superior laryngeal vascu- 
lar pedicle, care is taken to preserve the internal branch of 
the superior laryngeal nerve. The cricoarytenoid joints are 
disarticulated with care bilaterally to preserve both recur- 
rent laryngeal nerves, which lie just medial and posterior 
to this joint. A cricothyrotomy is performed just immedi- 
ately above the cricoid following which ventilation contin- 
ues through this new opening. 

The pharyngotomy is performed by entering the val- 
lecula on the uninvolved side, grasping and retracting the 
epiglottis through the vallecular incision. Sharp dissection 
is continued alongside the epiglottis to the aryepiglottic 
fold and in front of the arytenoid bilaterally, down to the 
cricoid cartilage and the cricothyrotomy incision, thus 
releasing the specimen. On the side of the tumor, inci- 
sions are made ensuring safe resection margins. If one of 
the arytenoids needs to be included in the surgical speci- 
men, the incision down the aryepiglottic fold is made 
posterior to, instead of anterior to, arytenoid on the ipsi- 
lateral side. 

Before closure, hemostasis is secured and the mucosa 
is approximated over the arytenoid in a manner that does 
not limit its movement. To prevent posterior prolapse of 
arytenoid, a single 3-0 Vicryl suspension suture is passed 
through the arytenoid, anchoring it forward to the cricoid 
cartilage. Neck extension is removed to perform laryn- 
goplasty by approximating the cricoid and hyoid using 
interrupted, nonabsorbable 1-0 Vicryl sutures passed sub- 
mucosally, one in the midline and one 1 cm on either side 
of the midline. Tightening of these cricohyoidopexy (CHP) 
sutures brings the arytenoids(s) closer to the tongue base. 
This facilitates vibration of the mucosa over arytenoids(s) 
against the tongue base, a mechanism that is responsible 
for phonation in these patients. 

Once the trachea has been stretched up by the CHP, 
tracheostomy is performed at an appropriate site that 
allows the tube to exit skin through the neck incisions. 
The inferior and superior margins of strap muscle flaps are 


approximated to reinforce the CHP area. Neck incisions 
are closed after placement of suction drains. 

Postoperative care: Routine care of wound, tracheos- 
tomy, and neck drain is instituted in the postoperative 
period. The patient is nursed in a position that ensures 
that the head is flexed toward the chest. Feeding is initiated 
through a nasogastric tube or a gastrostomy in the imme- 
diate postoperative period followed by swallow rehabili- 
tation exercises. A decannulation trial is commenced after 
6 weeks provided there are no symptoms of aspiration and 
good airway is maintained. Voice therapy is initiated after 
completion of wound healing. 

Complications: Aspiration occurs commonly after SCL 
resulting in morbid pulmonary complications such as atel- 
ectasis and pneumonia (51). Older patients (greater than 
60 years), chronic airway disease, smoking status, extent 
of arytenoid resection, and CHP are some of the factors 
associated with a greater risk of postoperative pulmonary 
complications. More frequent rates of aspiration have been 
observed in CHP versus cricohyoidoepiglottopexy (CHEP), 
possibly because of the absence of epiglottis and inad- 
equate neoglottic closure in the former. Precautions rec- 
ommended for prevention of aspiration are preservation 
of the superior laryngeal nerves, anterosuperior suturing 
and positioning of the cricoarytenoid unit, early decannu- 
lation, and early onset of swallowing rehabilitation (52). 
Hemorrhage, infection, wound dehiscence, accidental 
decannulation, subcutaneous emphysema, and pharyngo- 
cutaneous fistula are other possible complications. 


Management of the Neck 


Clinically or radiologically positive neck disease requires 
the patient to undergo neck dissection. Ipsilateral N* necks 
require ipsilateral dissection, and bilateral or contralateral 
N* necks require bilateral neck dissection. Neck dissec- 
tion is performed at the same operative session as primary 
tumor resection, although a staged contralateral neck dis- 
section may be carried out later if the ipsilateral neck was 
pathologically positive. Selective, lateral dissection of levels 
Ul, IL and IV is an effective and adequate procedure for 
management of the neck in early supraglottic cancer. For 
T1-T2 cancer of the infrahyoid epiglottis or lesions cross- 
ing midline, our preferred approach is to carefully assess 
the neck for ipsilateral and contralateral cervical metastasis 
by office ultrasound + ultrasound-guided FNA. 

Presence of multinodal or multilevel neck disease with 
extracapsular spread is an indication for postoperative RT 
or chemoradiotherapy. However, such adjuvant treatments 
should be used with caution since the potential is high for 
airway compromise due to stenosis or arytenoid edema. 

The standard of care in early supraglottic tumors with an 
NO neck is controversial. An occult metastatic rate ranging 
from 4% to 35% (20), combined with a high risk of con- 
tralateral metastasis, is cited as a rationale for performing 
a routine bilateral neck dissection. However, early cancer 


confined to the suprahyoid epiglottis and well-lateralized 
primaries not crossing the midline are exceptions. 
Moreover, less than 10% of the early T1-T2 lesions are 
reported at risk of contralateral spread, which is infrequent 
in the absence of ipsilateral neck disease (53,54). Evidence 
from some studies indicates that bilateral dissection of the 
clinically NO neck in T1 to T2 supraglottic cancer may not 
always be necessary (54,55) and its routine practice leads 
to overtreatment in 70% to 80% of cases with unnecessary 
increase in treatment-related morbidity (20,56). 

Although surgery is preferred in neck management, RT 
alone to one or both necks can be used to control NO or 
N1 necks. However, unwanted radiation to the larynx will 
occur, even with intensity-modulated radiation therapy, 
adding to the risk of prolonged airway edema and obstruc- 
tion from arytenoid swelling. 


OUTCOMES 


Surgical therapy alone achieves oncologic outcomes 
equivalent to combined therapy in early supraglottic 
cancer. Postoperative RT is known to adversely affect the 
functional results of conservation surgery by increasing 
edema (especially arytenoid mucosa), which in turn com- 
promises airway patency and voice, and may cause stric- 
tures. The decision for administering adjuvant RT should 
be judicious and based on high-risk neck indications. 
Lymph node metastasis is the most important prognos- 
tic factor in supraglottic cancer. In one of the most recent 
reviews of laryngeal cancer cases recorded in National 
Cancer Data Base (1985 to 2002), a decline in survival 
was observed among the early-stage supraglottic cancers, 
TINOMO and T2NOMO (5). At this stage, no definitive 
links can be identified between outcomes and patterns of 
surgical treatment. 

Oncologic: Excellent oncologic outcomes have been 
reported for TLM in early supraglottic cancer. A 5-year 
recurrence-free survival of 83% for early tumors, a 5-year 
local control rate of 100% for T1 and 89% to 97% for T2 
tumors, and a 5-year laryngeal preservation rate of 86% to 
100% are observed from the various studies reporting out- 
comes for laser resection (37,57). Few comparative stud- 
ies found a higher 5-year disease-free survival (80% vs. 
72%), 5-year laryngeal preservation rate (86% vs. 80%), 
and a 5-year disease-specific survival (89% vs. 80%) in 
the endoscopic laser group compared to open SGL group 
(57,58). 

Functional: The functional results of transoral laser 
resection for early supraglottic cancers are superior to 
open conservation procedures by virtue of shorter hospi- 
tal stays, lower tracheostomy rate, and better swallowing 
outcomes. The resection of critical barriers to aspiration 
in open surgery for SGL cancers combined with a sensory 
deficit from superior laryngeal nerve section results in 
interference with food bolus recognition and also weaken- 
ing of the “glottic closure” reflex (59). Aspiration-related 
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secondary laryngectomy rates for open conservative sur- 
gery have been reported to range between 3.5% and 12.5% 
(59). Preservation of normal structures including the car- 
tilaginous framework and avoidance of damage to supe- 
rior laryngeal nerve make rapid restoration of swallowing 
function feasible in endoscopic laser surgery. In spite of 
pulmonary status being a better predictor of aspiration 
pneumonia than a particular surgical approach, a lower 
incidence of aspiration pneumonia has been observed 
in patients undergoing TLM (11.5%) compared to open 
surgery (40%) for supraglottic cancer (60,61). Avoidance 
of wound dehiscence and pharyngocutaneous fistula are 
other advantages of endoscopic versus open resection for 
supraglottic cancers. 


RADIOTHERAPY 


Definitive RT is another treatment modality reported to be 
effective for management of early supraglottic cancers. The 
local control rates observed from review of large RT series 
(61,62) range from 75% to 100% for T1 tumors and 71% 
to 83% for T2 tumors, with a laryngeal preservation rate of 
about 80% (62). The success of RT is often correlated with 
the tumor volume; better results are reported for superficial 
and small-volume tumors (62). In the era of endoscopic 
approaches to early supraglottic tumors, RT is indicated for 
treatment of patients who are not physiologically suitable 
for conservation surgery because of cardiac or pulmonary 
insufficiency. 

Recurrences after primary RT for early supraglottic can- 
cer have been reported to be as high as 29% (63). Surgical 
salvage with conservation procedures or total laryngec- 
tomy is associated with a greater risk of complications, 
especially pharyngocutaneous fistula, tissue necrosis, 
wound breakdown, and carotid artery rupture. The rate of 
complications has been related to the dose of radiation 
therapy (64). 


EARLY GLOTTIC CANCER 


Glottic cancer accounts for about 50% to 60% of all laryn- 
geal cancer cases. A change in voice with varying severity 
of hoarseness is almost universally associated with glottic 
tumors resulting in diagnosis at an early stage (5). These 
lesions do not cause airway obstruction or swallowing dif- 
ficulty unless they progress to higher T stages. Lymphatic 
spread of early glottic cancer is extremely rare. 


Surgical Pathology 


Glottic cancer mostly arises on the mucosa of anterior true 
cords, a region with paucity of lymphatics. Tumor exten- 
sion occurs along the cord in the submucosal space. The 
chief barriers to spread of glottic cancer are the vocal liga- 
ment, conus elasticus, and the thyroid perichondrium and 
cartilage. Spread may occur across the anterior commissure 
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to the opposite cord. The Broyle ligament offers a tough 
barrier to superior and anterior spread of the tumor. 
However, the site of insertion of the Broyle ligament at 
the anterior commissure is devoid of inner thyroid peri- 
chondrium, and once involved, it serves as a portal of entry 
of the tumor into the thyroid cartilage from where it can 
spread to involve the ossified portions of the cartilage or 
further to the extralaryngeal structures. Posteriorly, the 
lesions can spread to involve the thyroarytenoid muscle. 
This may result in impaired mobility, which should be 
carefully assessed during preoperative planning to differ- 
entiate from cord fixation. Further posterior spread may 
occur to involve the arytenoid cartilage or the posterior 
commissure. 

Inferior extension can occur to the subglottis; spread 
of more than 1 cm below the free edge of the true cord 
can invade the cricoid cartilage. With superior extension, 
the tumor can spread along the floor of the ventricle and 
invade the glottic musculature. Extension to the false cords, 
filling the ventricle, makes the lesion transglottic. This is 
one of the mechanisms for involvement of paraglottic 
space from where the tumor can breach the cricothyroid 
membrane and involve the cricoid cartilage or extralaryn- 
geal soft tissues and thyroid gland. Paraglottic space can 
also be involved following spread across the conus elasti- 
cus or lateral spread of the tumor along the superior sur- 
face of the true cord. 


Staging and Pretreatment Planning 


A detailed history of presenting symptoms, smoking, and 
reflux along with office flexible laryngoscopic evaluation 
of the upper aerodigestive tract mucosa is the initial step 
in management of patients presenting with hoarseness 
(Table 123.1). The site, size, appearance, and extent of the 
lesion are noted along with the cord mobility. Evaluation 
of fine cord mobility, amplitude of vibration, and muco- 
sal wave by videostroboscopy facilitates assessment of the 
superficial extent as well as the infiltrative depth of early 
lesions (65). Imaging has a limited role in pretreatment 
planning of early glottic cancers and is usually not recom- 
mended except in bulky T2 lesions, for a better assessment 
of supraglottic or subglottic extensions and involvement of 
the thyroid cartilage. 

A direct laryngoscopy and biopsy under anesthesia 
with additional telescope examination allows for accurate 
assessment and photodocumentation of the site, size, sur- 
face, and extent of the primary tumor. The procedure also 
facilitates evaluation of cord mobility, detection of second 
primaries, and adequacy of transoral exposure. 


Treatment 


The fundamental goals of treatment for early glottic can- 
cer are disease cure, voice preservation, airway protec- 
tion, and maintenance of function-preserving options for 


management of recurrences. Primary transoral laser micro- 
surgical cordectomy (Table 123.2), open surgery (cordec- 
tomy, hemilaryngectomy), or RT are the three effective 
treatment modalities. All these have been reported to have 
excellent patient survival outcomes; thus, the decision for 
treatment of choice in a particular individual is guided 
by other variables. These include patient preference, age, 
and expectations for quality of voice; tumor stage, site, for 
example, extension to anterior commissure; the physician’s 
expertise and skills; and treatment-related factors such as 
morbidity, cost-effectiveness, and availability of function- 
preserving salvage options. 


Carcinoma In situ 

CIS can exist alone, involving limited or extensive areas 
of true cords, or it can coexist with foci of invasive squa- 
mous cancer. Management plans described in literature 
include “watchful waiting” (66), cord stripping, excisional 
biopsy, transoral laser excision, or RT. A watch-and-wait 
approach, however, is not practical since 66% of the 
patients in a study reporting this policy progressed to squa- 
mous cell carcinoma (66). Modest local control rates from 
56% to 72% and worsening of voice have been reported 
for vocal cord stripping as a surgical intervention for CIS 
(67-69). Cord stripping and excisional biopsy with cold 
instruments such as small cup forceps may not include 
truly representative samples for pathologists to rule out 
basement membrane involvement (70,71). In comparison, 
excisional biopsy with TLM not only improves the diag- 
nostic yield for CIS by better estimation of the depth but 
also offers option of complete removal of all macroscopic 
disease in the same setting (72). A safety margin of normal 
tissue is taken around the superficial lesion. Recent publi- 
cations by experienced practitioners (73-75) favor at least 
ELS type 2 resections (Table 123.2), that is, removal of the 
entire cord and ligament. A review of literature for TLM 
in glottic CIS reveals high local control rates ranging from 
75% to 100% (67). 

Definitive treatment with RT is preferred at a few centers 
for the treatment of CIS (70), but the long-term compli- 
cations and increased treatment time and costs for com- 
parable local control rates make this option less desirable 
than excision biopsy by TLM alone (76). It also exhausts 
the option of subsequent radiation for recurrent or second 
primary tumor. 

Approximately 29% of the laryngeal CIS lesions have a 
potential to progress to SCC, transformation rates being 
higher (33% to 92%) in untreated cases (72,77). This 
forms a basis for recommendation of close follow-up in 
patients with CIS irrespective of the treatment modality 
used. Presence of CIS at the anterior commissure has a 
greater risk of conversion to invasive squamous cancer 
than CIS at the membranous cord, 92% versus 17%, 
respectively. This has been reported in one of the stud- 
ies analyzing predictive factors for progression of CIS to 
SCC (72). 


Invasive Squamous Cell Carcinoma 

Surgery 

Endoscopic Procedures. The concept of endoscopic ex- 
cision of early glottic cancer was pioneered by Lynch in 
1920 using suspension laryngoscopy (71). Excellent out- 
comes were reported by New and Dorton in 1941 with 
transoral diathermy excision of glottic cancers, followed 
by De Santo in 1973 (71). The results for transoral CO, 
laser excision of glottic cancer were first published by 
Strong in 1975 (78) and popularized later by Steiner in 
1980s (33). Since then, the use of laser with its hemo- 
static properties has evolved to become the optimal tool 
of endoscopic excision, although cold steel is still used. 
Glottic tumors are difficult to access through the currently 
available robotic arms and exposure devices. Robotic la- 
ryngeal surgery was found technically feasible for cordec- 
tomy in a canine model (79) and a human pilot study of 
four patients with glottic cancer (80), although access is 
severely limited once the narrow restrictions of the larynx 
are reached, given the angle of approach needed for the da 
Vinci robotic arms. 


Transoral Laser Microsurgery. Surgical technique: Adequate 
laryngoscopic exposure of glottis is the basic technical 
requirement for TLM (Figs. 123.4 and 123.5). For proce- 
dures restricted to true cord, the laser is usually kept at con- 
tinuous super pulse mode and low power settings ranging 
from 1 to 3 W. Modern CO, lasers allow tumor dissection 
in bloodless field with minimal char formation; thus, the 
use of electrocautery for hemostasis is almost eliminated in 
glottic lesions, which translates to lesser tissue injury and 
better functional results. 


T1la (Unilateral) and T1b (Bilateral) Glottic Tumor. Small su- 
perficial lesions can be excised en bloc. Resection of larger 
microinvasive tumors, as judged intraoperatively, is per- 
formed in two or more pieces with the first incision pass- 
ing through the middle of the tumor for depth assessment. 
Prior resection, partial or complete, of the ipsilateral false 
cord may be required. Resection is commenced by this first 
incision through the center followed by a further incision 
in normal tissue, lateral and posterior to the tumor. The 
first specimen is obtained by continuing the dissection 
posteriorly, forward to backward direction, to excise the 
posterior half of the tumor. Next, the anterior resection is 
completed by making an incision in the normal tissue lat- 
eral to the tumor and advancing the dissection anteriorly 
to resect the anterior half of the tumor. A deep margin of 
1 to 3 mm and mucosal margin of 1 to 2 mm are recom- 
mended. If the tumor reaches the vocal process, mucosa is 
resected in close approximation, anterior to the arytenoid 
cartilage, and depending upon the extent of involvement, 
the vocal process may need to be included in the resection 
specimen. Bilateral tumors can be removed transorally in 
two sessions to prevent web formation. 
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Figure 123.4 Transoral laser cordectomy for glottic tumors. 
Dotted lines indicate extended resections for lesions of increasing 
depth. 


T2 Glottic Tumor (Supraglottis and/or Subglottis Extension, 
and/or Impaired Vocal Cord Mobility). T2 glottic cancers are 
amenable to complete excision with TLM irrespective of 
tumor extension into supraglottis, subglottis, or anterior 
commissure. The surgical principles applied are similar to 
laser surgery for other subsites. Again, false cord resection 
may be necessary for access to the ventricle and the para- 
glottic space. Tumor debulking is done for larger lesions 
followed by an incision through the tumor and further re- 
section as necessary. 

For tumors extending to supraglottic larynx across the 
arytenoid cartilage or interarytenoid mucosa, it is usually 
possible to preserve the arytenoid by peeling the tumor 
off the cartilage, if superficial. The exposed cartilage gets 
epithelialized after 3 to 4 weeks (36). Every attempt is 
made to preserve the posterior uninvolved mucosal cover 
of arytenoid for prevention of aspiration. 

For tumors with suspected inferior extension, the sub- 
glottis is carefully evaluated, a procedure that often needs 
repositioning of the endotracheal tube and transoral access 
through smaller-caliber laryngoscopes for optimum expo- 
sure. The tumor is followed along the subglottic extensions 
if any, securing an adequate inferior margin. 


Early Glottic Tumor with Anterior Commissure Involvement. In 
Tla tumors extending to the anterior commissure, a small 
tumor-free margin of the anterior part of contralateral cord 
should be included in the resection. This is sometimes as- 
sociated with web formation at the anterior commissure. 
In T1b tumors, the bilateral cord lesion is usually resected 
together with the anterior commissure. The dissection is 
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Figure 123.5 Endoscopic image of T1 glottic tumor, (A,B) 
pre- and (C) post-TLM resection. 


also continued anteriorly along the thyroid cartilage, and 
with the help of frozen sections, it is ensured that the peri- 
chondrium toward the inside of the thyroid cartilage is free 
from the tumor. 

Application of fibrin at the site of tumor resection at 
anterior commissure has been shown to reduce the inci- 
dence of web formation. If necessary, a silicone stent may 
be placed endoscopically as a prophylactic measure, which 
is removed after 6 weeks. 

Postoperative care: Follow-up is recommended after 2 
weeks. Strategies for cessation of smoking and alcohol con- 
sumption form an important component of postoperative 
counseling. Adequate gastroesophageal reflux preventive 
measures are initiated in all patients as reflux may impair 
wound healing, promote granulation tissue formation, 
and prolong edema. Wound healing is usually complete in 
4 to 6 weeks following which voice rehabilitation therapy 
is scheduled. A small number of patients with persistent 
granulation or granuloma formation may require a sec- 
ond-look laryngoscopy. 

Complications: Secondary hemorrhage is rare follow- 
ing resection of glottic tumors and can be managed con- 
servatively if minor or with cautery at microlaryngoscopy. 


Cc 


Postoperative laryngeal or tongue edema can occur particu- 
larly after resection of bulky T2 tumors with supraglottic 
spread to arytenoids. The airway obstruction may neces- 
sitate tracheostomy but is frequently managed by admin- 
istration of intravenous corticosteroids and aerosolized 
topical vasoconstrictors. In certain patients, wound heal- 
ing elicits a strong inflammatory response and formation 
of exuberant granulation tissue. If the granulation persists 
for more than 6 to 12 weeks or is a source of compromised 
voice quality, surgical removal may be required. Laryngeal 
stenosis occurs as a rare, late complication if tumor resec- 
tion involved extensive subglottic, interarytenoid, or near 
circumferential resections. This phenomenon is more 
likely to occur in patients undergoing TLM for radiation 
failures. Poor voice quality is universally observed prior 
to epithelialization. Thereafter, quality of voice recovery is 
related to volume of tissue loss and recruitment of supra- 
glottic vibratory structures. 


Phonosurgical Management After Endoscopic Partial 
Laryngectomy. Endoscopic laser excision for early glottic 
tumors does not usually require any reconstruction of the 
glottic defect as in open conservation surgery. However, in 


cordectomies requiring vocal muscle excision, poorer voice 
quality may result due to an aerodynamic glottic insuffi- 
ciency caused by the concavity of the neocord (81). In such 
cases, phonosurgical techniques to augment the paraglottic 
space by microlaryngoscopic lipoinjection or cord medial- 
ization with Gore-Tex have been applied to optimize the 
voice restoration (81,82). 


Open Conservation Procedures 

Laryngofissure and Cordectomy. Laryngofissure and cordec- 
tomy are indicated for T1 lesions of vocal cord limited 
to the membranous cord when transoral resection is not 
possible. An endoscopy is performed prior to the surgery 
to reevaluate the suitability of the tumor for the proce- 
dure. A transverse skin incision is made at the level of 
midportion of the thyroid cartilage. Superior and inferior 
flaps are raised, strap muscles are retracted, and the thy- 
roid cartilage is exposed in the midline. A midline ver- 
tical thyrotomy is performed and the larynx is entered 
through a short incision in the cricothyroid membrane. 
The thyroid ala is retracted laterally and the anterior 
ends of vocal folds are separated in the midline at the 
anterior commissure. The resection can include the true 
and false cords anterior to the vocal process of arytenoid, 
underlying thyroarytenoid muscle, internal thyroid peri- 
chondrium, and anterior commissure. The anterior com- 
missure is reconstructed by anchoring the anterior end 
of the uninvolved cord to the thyroid lamina. The peri- 
chondrium and strap muscles are approximated and the 
incision is closed (Fig. 123.6). 


A) Laryngofissure and 
cordectomy 


B) Hemilaryngectomy 


Figure 123.6 Extent of resection in laryngofissure and cordec- 
tomy (A) and hemilaryngectomy (B). Extensions (dotted line) in ei- 
ther procedures may include the vocal process of the arytenoids, 
if required. 
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Postoperative care and complications: Tracheostomy is gen- 
erally not required in cordectomy due to enlargement of 
the laryngeal inlet by cord resection; exceptions are patients 
with unfavorable body habitus. Feeding can be successfully 
initiated on the day following the surgery. Subcutaneous 
emphysema has been reported as one of the complications 
and can be prevented by pressure dressing and a wound 
drain. 


Vertical Partial Laryngectomy. Hemilaryngectomy: This pro- 
cedure involves resection of the ipsilateral thyroid car- 
tilage, arytenoid, true cord and false cord, underlying 
muscle, and mucosa from the aryepiglottic fold to the up- 
per border of the cricoid cartilage from the posterior to 
anterior midline. For early glottic tumors, its indications 
include T1 lesions with suspicion of deeply infiltrating tu- 
mor or T2 lesions of vocal cords with extension to aryte- 
noids (Fig. 123.6). 

Frontolateral vertical hemilaryngectomy: The procedure 
is indicated for T1 cord lesions approaching or extend- 
ing to the anterior commissure and not more than 1 to 
2 mm of the contralateral cord. The thyrotomy incisions 
are made bilaterally on either side of the midline and the 
larynx is entered through the cricothyroid membrane, 
on the side of lesser involvement. The resection includes 
true and false cords and ventricle on the ipsilateral side, 
arytenoid when necessary, anterior commissure, and 
anterior contralateral cord. The contralateral mucosa is 
sutured to the external perichondrium in order to resur- 
face the larynx. 

Anterior commissure technique/anterior frontal vertical par- 
tial laryngectomy: The procedure is indicated for T1 and T2 
cord lesions with significant “horseshoe” involvement of 
the opposite vocal cord. The vertical midline portion of 
the thyroid cartilage, inner perichondrium, true cord, false 
cord, and ventricle up to the vocal process, bilaterally, are 
included in the resection. Reconstruction is performed by 
silastic or keel insertion to allow epithelialization on either 
side without web formation. The keel is usually removed 
after 6 to 8 weeks. 

Reconstruction after partial laryngectomy: The glottic 
defect from open partial laryngectomy procedures may 
result in unsatisfactory voice outcomes. Resurfacing and 
reconstruction of the glottic defect enable better func- 
tional restoration. Several techniques are described of 
which more commonly applied are strap muscle flaps. 
Mucosal flaps, external thyroid perichondrium flap, a 
muscle-based cartilage flap, or imbrication laryngoplasty 
are alternatives. 

Postoperative care: Care of the tracheostomy tube to main- 
tain a patent airway is important in patients undergoing 
vertical hemilaryngectomy. Decannulation is deferred until 
the patient’s swallowing improves and wound healing is 
complete. Voice usually tends to be breathy following hemi- 
laryngectomy and speech therapy is initiated after decan- 
nulation. This procedure may temporarily require feeding 
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through nasogastric tube or a gastrostomy but improves 
with swallowing rehabilitation. 

Complications: Airway obstruction after vertical hemi- 
laryngectomy from prolapse of supraglottic tissue or 
formation of excessive granulation tissue is managed by 
maintenance of the tracheostomy. Progression to glot- 
tic stenosis is a possible complication in postradiation 
cases, which may need to be addressed by surgical inter- 
vention. Dysphagia and aspiration may occur in imme- 
diate postoperative period, particularly in patients with 
arytenoid resection. In a study of 438 patients compar- 
ing outcomes for different surgical approaches, a lower 
complication rate of 1.2% including stenosis, dyspnea, 
bleeding, fistula, and aspiration has been noted for TLM 
compared to 17.6% in open cordectomy, 9.4% in vertical 
partial laryngectomy, and 13.6% in frontolateral laryn- 
gectomy (83). 


Supracricoid Laryngectomy. SCL may be an effective proce- 
dure to conserve the larynx for T2 glottic cancers that in- 
volve the anterior commissure, ventricle, and bilateral vo- 
cal cords. The surgical details have been discussed earlier. 
Reconstruction in these cases may include a CHEP. 


OUTCOMES 


Early glottic tumors have a good prognosis and failure 
occurs mainly at the primary site. T stage, anterior com- 
missure involvement, and epidermal growth factor recep- 
tor expression are correlated with poorer local control in 
early glottic cancer (84). In addition, overall treatment time 
greater than 50 days and total dose less than or equal to 
65 Gy, especially for T2 tumors, have been found to be sig- 
nificant for reduced local control in studies of early glottic 
cancers treated by definitive RT (84). 

Oncologic: A review of studies reporting on TLM for T1 
glottic cancers from various centers reveals a 5-year local 
control rate ranging from 88% to 94% and laryngeal pres- 
ervation in more than 94% of cases (34,85-91). Sjogren 
et al. (92) compared results of TLM versus RT in T1 glottic 
cancer and found a local control rate of 89% versus 75% 
and a laryngeal preservation rate of 100% versus 83%. In 
a similar study by Schrijvers et al. (93), local control rates 
between the two groups were similar but laryngeal pres- 
ervation was 95% for TLM versus 77% for RT. Also, in 
patients with T2 neoplasms, good local control ranging 
from 75% to 85% for local control has been observed in 
patients with T2 neoplasms (87,94-97). 

A comparison of outcomes for external versus endo- 
scopic approach for patients with early glottic tumors 
revealed similar oncologic results. The group treated by 
laser surgery, however, was found to have a shorter clini- 
cal course, lower complications, and the best possibility of 
salvage therapy in the case of local recurrence (83,98,99). 
Depending upon the stage and site of recurrence follow- 
ing TLM, options for treatment include laser resection, 


partial laryngectomy, RT, or total laryngectomy. In a study 
investigating prognostic factors for local recurrence, the 
anterior commissure was the site of recurrent tumor in 
54% of the cases, vocal muscle infiltration and subglot- 
tic involvement correlated with poor disease-free survival, 
and 91% of the recurrent cases could be retreated success- 
fully (100). 

Outcome for lesions involving anterior commissure: 
Involvement of the anterior commissure is considered to 
be a poor prognosticator for local control in early glottic 
cancer irrespective of the treatment modality. With excep- 
tion of a few (101), most authors report lower responses 
to RT, possibly due to underdosage. The observed rates for 
local control in T1 carcinoma with anterior commissure 
extension vary from 57% to 89% (102-107). The organ 
preservation rates for tumors treated with RT range from 
80% to 85% (103,106). Open procedures have been shown 
to offer higher organ preservation rates. These are corre- 
lated with good local control from 80% to 90% after fron- 
tolateral partial laryngectomy (108,109) and SCL (110,111) 
in early glottic cancers involving the anterior commissure. 

TLM has been found to be effective for treatment of 
early glottic lesions with anterior commissure involve- 
ment, but the local tumor control rate has been found to 
be affected by the T stage as in other treatment modali- 
ties (104,112). In a study by Steiner et al., the 5-year local 
control rate varied from 84% for Tla to 73% for T1b and 
79% for T2 lesions. The organ preservation rate in this 
study was high ranging from 93% for T1a to 88% in T1b 
and 93% in T2 lesions (112). The oncologic outcomes for 
open surgery were found to be comparable with TLM but 
functionally less favorable in terms of speech, swallow- 
ing, and a provisional tracheostomy (83). Measures cited 
to improve local control rates for TLM resections include 
adequate exposure, surgical experience and skill, resection 
of the thyroid cartilage, and careful attention to subglottic 
extension (36,113). 

Functional: TLM is associated with minimal functional 
impairment. Tracheotomy is avoided in most patients 
undergoing TLM for early laryngeal cancer. Unlike open 
procedures, there is no disruption of structural integrity 
including the cartilaginous framework or the strap muscles. 
This results in better protection of the airway and swallow- 
ing that facilitate faster functional recovery. Furthermore, 
avoidance of RT preserves salivation and pharyngeal lubri- 
cation that assists in speech (104). The quality of voice is 
affected by the extent of cordectomy (114) and unsatisfac- 
tory outcome can be improved using phonomicrosurgical 
techniques. Whereas some authors advocate better voice 
outcomes with radiation than laser surgery (115), others 
have observed dysphonia due to RT-induced scarring and 
dryness of normal mucosa (116). Most of the comparative 
analyses show a reduced impact on patients’ perception of 
voice quality after treatment with RT compared to TLM, 
but no significant difference could be detected by objective 
measurements (117-119). 


RADIOTHERAPY 


RT is employed as a treatment of choice for early glottic can- 
cers at a number of centers. The cure rates for T1 lesions 
range from 71% to 95% (63,106,120-122). For treatment 
with RT, an endoscopic staging biopsy, usually under gen- 
eral anesthesia, is required to establish a histologic diagno- 
sis followed by 5 to 6 weeks of treatment. Excision biopsy 
using transoral laser alone has been observed to yield a 92% 
recurrence-free survival at 3 years for T1 glottic cancers (71). 
Compared to this, definitive RT for CIS or T1 lesions is a 
radical treatment. The local control rates in studies advo- 
cating RT sometimes include surgical salvage of recurrences 
(106). Moreover, biopsy for making the histologic diagnosis 
is quite likely to remove the entire tumor in early localized 
lesions even before the initiation of radiation treatment 
(123). For T2 glottic cancer, the local control rates with RT 
vary from 50% to 80% (84,120). Successful local control 
and laryngeal preservation with RT have been shown to be 
affected by several factors including high tumor volume/ 
bulk (102), anterior commissure involvement (124), and 
subglottic extension (125). Hyperfractionated RT has been 
associated with improved local control rates in patients with 
T2NO glottic cancer compared to conventional RT (126). 
Recent studies have employed chemotherapeutic agents 
such as carboplatin, tegafur-uracil, and fluoropyrimidine 
to improve results with RT in T2 glottic cancer (127-129). 
In a retrospective study of 30 patients, better 3-year local 
control rate could be achieved only when chemoradiother- 
apy was combined with transoral debulking microsurgery 
(95%) versus chemoradiotherapy alone (61%) (127). 
Suitable candidates for radiation in early glottic cancer 
may include elderly patients with poor general health who 
are at greater risk of surgery-related complications, tumor 
extending to both cords, or when the physician lacks surgical 
expertise. Avoidance of RT is recommended in the younger 
populations for prevention of morbidity from both acute 
and late RT-related complications. In a prospective study of 
T1 glottic cancers treated with definitive RT (N = 180), a high 
rate of acute complications such as patchy or diffuse mucosal 
coating (65%) and chronic complications such as persistent 
arytenoid edema/ polypoid lesions (8%) was observed (122). 
Other complications include xerostomia, persistent laryn- 
geal edema, cervical fibrosis, glottic stenosis, hypothyroid- 
ism, chondronecrosis, and radiation-induced malignancy. 


Management of Radiation Recurrences 


Recurrences after failed radiation are often advanced at the 
time of diagnosis. A minority of radiation-recurrent glottic 
carcinomas can be salvaged by conservation surgery, but per- 
sistent aspiration, pharyngocutaneous fistula, delayed decan- 
nulation, and laryngeal stenosis can make such procedures 
particularly challenging with many tumors. Salvage partial 
surgery for localized T1 and T2 recurrences has shown accept- 
able survival rates and laryngeal preservation (130,131); 
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however, total laryngectomy may be commonly required for 
radiation failures (113,132,133). 

TLM has been identified as one of the effective salvage 
procedures in selected cases involving glottic post-RT recur- 
rences. Radiation-recurrent tumors are also, frequently, 
submucosal and discontinuous in nature. Magnification 
with TLM helps in identification of atypical-appearing 
mucosa though with greater difficulty compared to primary 
tumors. Using TLM, Steiner et al. (132) reported a success- 
ful salvage in 71%, with laryngectomy needed in 21% cases 
only. Another study by Ansarin et al. (134) reported TLM 
as an effective salvage for early RT recurrent tumors with 
laryngeal preservation rate of 70%. The outcomes for TLM 
as surgical salvage therapy, however, may depend on the 
individual surgeon’s skill and experience. The results may 
also be affected by tumor extension to the anterior com- 
missure or the arytenoids (133,135). 


PHOTODYNAMIC THERAPY 


Photodynamic therapy (PDT) utilizes the activation of 
tumor-selective photosensitizing agents with light to 
induce tumor necrosis (136) by increased production of 
oxygen radicals and decreased vascular supply. The pho- 
tosensitizer is delivered intravenously, topically, or orally 
followed by subsequent treatment with a pulsed dye laser. 
PDT is usually performed as an outpatient procedure and 
the known complications of the procedure include glot- 
tic edema, pain, necrosis, and sun-induced photosensi- 
tivity (136). PDT is U.S. Food and Drug Administration 
approved for clinical treatment of early glottic cancers; 
however, its application as a single-modality, minimally 
invasive treatment modality is still limited. 


EARLY SUBGLOTTIC CANCER 


Primary lesions originating in the subglottis are rare 
and account for about 1% to 5% of all laryngeal cancers 
(137,138). More common are secondary extensions of 
carcinoma from the glottis. About 68% of patients were 
reported to present with early subglottic cancer in a series 
of 39 patients (137); however, most of the other published 
studies have observed 60% to 80% of the tumors present- 
ing at late stages with dyspnea and stridor that may neces- 
sitate tracheostomy (138,139). Hoarseness can also occur 
as an initial presenting symptom (140). The incidence of 
nodal metastases at presentation varies widely from 4% to 
33% depending on the disease stage (138-140). 


Surgical Pathology and Treatment Planning 


Subglottic cancers are known to have a typical circumfer- 
ential and inferior pattern of intraluminal spread. Tumor 
extension is contained in the early stages by the conus elas- 
ticus; invasion through this barrier can involve the vocal 
musculature resulting in impaired mobility or fixation 
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of the true cord. Vertical spread can occur toward the tra- 
chea caudally or the paraglottic space superiorly. Anterior 
spread through the cricothyroid membrane to involve the 
thyroid cartilage and the thyroid gland is a common mode 
of extralaryngeal spread. 

CT and MRI with contrast are important for better 
delineation of the inferior extent of the tumors, invasion of 
the cricoid or thyroid cartilage, and the presence of cervi- 
cal lymphadenopathy. Definitive diagnosis requires direct 
laryngoscopy with biopsy under general anesthesia. 


TREATMENT 


The rarity of subglottic tumors and variation in presenting 
stage preclude adoption of a uniform treatment paradigm. 
While surgery is recommended either as a part of com- 
bined modality or as definitive treatment for all stages of 
subglottic cancer in certain studies (137,141), some centers 
advocate definitive RT to the primary site, lower neck, and 
upper mediastinum with surgery reserved for salvage as an 
appropriate treatment for Tl and T2 cancers (139,140). 
Santoro et al. (142) reported that the 5-year disease-free 
survival rate for subglottic cancer was 0% with RT alone 
and 47% with surgery. 

Using long, small-caliber laryngoscopes, resection with 
TLM combined with level VI neck dissection, if indicated, can 
be effectively employed to treat early lesions. Small, superfi- 
cial-appearing tumors with deep infiltration can be dissected 
off the inside of the cricoid cartilage provided an adequate 
exposure is obtained (37). Infravestibular horizontal partial 
laryngectomy has been described for treatment of small series 
of patients with early subglottic lesions (142). Conservation 
of the upper half of the thyroid cartilage followed by ade- 
quate laryngeal reconstruction allowed restoration of natural 
phonation and respiration without requiring a tracheostomy 
in 75% of treated patients (143); however, application of this 
surgical procedure has not been widely reported. 

Local recurrence of tumor is relatively common and is the 
primary cause of mortality in subglottic cancer (137,142). 
The most common site of recurrence is at the peristomal level, 
mostly attributed to nodal metastasis to the paratracheal 
lymph nodes (142,144). This emphasizes the need to address 
level VI nodes as an essential part of management for subglot- 
tic cancers (144). Distant metastasis is reported to occur in 
12% to 50% patients with subglottic cancer (137,140,142). 
In a series reporting 15% of distant metastasis, three-fourths 
occurred in patients with early-stage disease at presentation 
(137), all of whom succumbed to the metastatic disease. 


SUMMARY 


TLM is an effective single-modality treatment for early 
laryngeal cancer and has supplanted the open conservation 
surgery with optimum oncologic outcomes, low morbidity, 
reduced hospital stay, reduced treatment time, and reduced 
cost (104,145-147). It has been established, by consensus 


of ABEA, as an oncologically safe procedure for laryngeal 
cancer when applied judiciously and by a skilled surgeon 
(147). The main advantage lies in the possibility of offering 
individualized treatment by tailoring the surgical resection 
to precise extent of the tumor, thereby preserving the unin- 
volved healthy tissues. Moreover, TLM does not preclude 
further treatment options in the form of functional salvage 
surgery or RT for recurrent or second primary tumors. Its 
repeatability has been observed to result in lower laryn- 
gectomy rate compared with the published series on RT 
(148). Though no randomized trial has been conducted to 
compare the outcomes for TLM versus open conservation 
procedures or RT, a sufficient quantum of evidence from 
various centers establishes TLM as a minimally invasive, 
tumor-targeted therapeutic procedure. Comparative meta- 
analyses have shown no differences in oncologic outcome 
between TLM and RT (119,149) with no significant differ- 
ence in objective voice analyses. TLM was also found to be 
superior to RT from a cost-utility point of view (149). 

Patient selection for TLM, however, remains paramount 
and open conservation surgery can be a valuable approach 
to treat patients not suitable for a transoral laser excision. 
Open partial laryngectomy is a salvage option in selected 
radiation-recurrent tumors though it is associated with 
higher rates of failure as well as complications in the form 
of aspiration and tracheostomy dependence that may cul- 
minate in total laryngectomy. 


m Larynx cancer incidence is on the decline in the 
United States: Early glottic tumor incidence is greater 
than supraglottic, due to symptom development. 

= Supraglottic tumors spread early to the preepiglottic 
space (PES) via the epiglottic foramina. 

= For glottic tumors, deep lateral spread is from the 
cord to the paraglottic space. 

= The fundamental goals of treatment are cure with 
no ultimate compromise in voice and swallowing. 

= TLM is an effective and efficient minimally invasive 
option. 

m= For TLM, endoscopic access is paramount for patient 
selection. 

m “en bloc” resection is performed for small tumors, 
and transtumoral, multibloc for larger tumors. 

m Open partial procedures confer excellent and equiv- 
alent levels of local control. 

= RT, while offering local control, may impair laryn- 
geal physiology and reduce options for function- 
preserving salvage. 

= Level Il, Ill, and IV dissection is adequate for surgi- 
cal management of neck metastasis in supraglottic 
cancer. 
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Advanced Laryngeal 
Cancer 


Bridget C. Loehn Melda Kunduk 


Laryngeal cancer affects nearly 12,720 men and women, 
and approximately 3,600 people will die of laryngeal can- 
cer in the United States per year (1). The overall incidence 
of developing laryngeal cancer is approximately 0.7% with 
a mortality of 0% to 0.3% (2). If detected early, it can be 
effectively treated; however, over 40% of laryngeal cancers 
present with advanced-stage disease (3). Advanced-stage 
laryngeal cancer is defined as Stage III or IV disease, which 
includes not only T3 and T4 tumors but also tumors with 
regional cervical metastasis (N1 to N3 disease) (4). 

The larynx produces one of the most complex motor 
functions of the body. It provides airway protection for res- 
piration and deglutition as well as phonation. Any malig- 
nancy that affects the larynx can alter one or more of these 
main functions. Effects on this complex mechanism must 
be taken into account when formulating a treatment plan. 
The ultimate goal is to cure the patient of disease but with 
secondary goals to preserve phonation and deglutition and 
maintain a safe airway. There are many different treatment 
options for laryngeal cancer, but the clinician must balance 
quality of life (QOL) issues with the survival advantage 
of therapy. The treatment of laryngeal cancer should be 
a multidisciplinary approach to provide the patient with 
every opportunity available and the best oncologic and 
functional outcome. 

Treatment of laryngeal cancer has evolved as medical 
advances have created more treatment options. Total and 
partial laryngectomy surgeries were the initial treatment for 
laryngeal cancer and were developed in the 19th century. 
Billroth is credited with the first laryngectomy in 1873 (5). 
Surgical advances in technique and antisepsis were major 
accomplishments that standardized surgical treatments 
and created reliable and safe conservation laryngeal sur- 
gery. With advances in radiation and chemotherapy and the 
use of multicentered prospective randomized trials, organ 
preservation therapy evolved to replace many of the surgi- 
cal treatments and became the most common treatment 
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for advanced laryngeal cancer. This shift in treatment 
paradigm during the early 1990s, from surgical excision 
to organ preservation using concurrent chemoradiation 
therapy, has provided similar survival to the gold standard 
total laryngectomy with postoperative radiation therapy 
but with a 73% organ preservation rate (6). Disappointing 
functional outcomes and new developments in minimally 
invasive techniques have further changed the treatment of 
laryngeal cancer with the popularization of endoscopic 
laser surgical resections in the 21st century. 


The larynx is the second most common site of primary epi- 
thelial malignant tumors of the head and neck. Laryngeal 
cancer accounts for 0.3% of all cancer-related deaths (2). 
Unfortunately, the 5-year survival for all stages of laryn- 
geal cancer has worsened over the past 30 years despite 
efforts to improve treatment protocols. In between 1975 
and 1977, the 5-year survival was 67%, and between 1999 
and 2005, the 5-year survival has statistically decreased to 
63% (1,7). There is an ongoing debate as to the etiology 
of the decrease in survival as to whether using chemora- 
diation versus total laryngectomy for earlier stage disease 
is the cause. 

Laryngeal malignancies can occur in all three subsites of 
the larynx. The glottis is the most common site for laryn- 
geal malignancy (51%), followed by the supraglottis (32%) 
and the subglottis (2%) (8) (Fig. 124.1). 

From 2003 to 2007, the median age of diagnosis was 
65 years with the highest incidence in the sixth and seventh 
decades (7). Men are more commonly affected than women 
with a male to female ratio of 3.6:1. The ratio of male-female 
has decreased over the years likely secondary to the increased 
rate of tobacco use in females. There are also differences 
in the 5-year survival according to race. Caucasians have a 
higher 5-year survival (67%) than African Americans (53%). 
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Laryngeal Malignancy 


m=Glottis 51% 

= Subglottis 2% 

= Supraglottis 32% 

m Laryngeal Cartilage 1% 

= Overlapping lesion of larynx 4% 
m= Larynx NOS 9% 


Figure 124.1 Incidence of laryngeal cancer by subsite. Com- 
piled from the National Cancer Database and Hoffman et al. (8). 
Approval for use obtained. 


Over 40% of laryngeal cancers present as advanced stage 
disease. The 5-year survival also varied according to clinical 
stage (Table 124.1). Stage III supraglottic and glottic cancer 
had a 5-year survival of 50% to 60%. Stage IV supraglottic 
cancer has a 5-year survival of less than 50%, and Stage IV 
glottic cancer has a 5-year survival of 30% to 57% (3). 


ANATOMY 


The larynx is found in the anterior neck at the level of the 
C3 to C5 vertebrae and connects the hypopharynx with the 
trachea. The larynx functions in airway protection, phona- 
tion, and respiration. These functions are made possible by 
the three valves contained within the larynx. These valves 
include the true vocal cords, false vocal cords, and epi- 
glottis to the arytenoids. Any dysfunction of these valves 
can lead to aspiration, airway obstruction, and changes 
in voice. The larynx is divided anatomically and clinically 
into the supraglottis, glottis, and subglottis. 

The supraglottic larynx is composed of the epiglottis 
(lingual and laryngeal aspects), aryepiglottic folds, aryte- 
noids, and bilateral false vocal cords. Clinically, the inferior 
border of the supraglottis, according to the American Joint 
Committee on Cancer (AJCC), is defined by a horizontal 
plane passing through the lateral margin of the ventricle at 
its junction with the superior surface of the vocal cord (4). 
Anatomically, the inferior border is defined by the arcuate 
line, which marks the change from respiratory to squa- 
mous epithelium and is not reliably located at the apex of 
the ventricle. For staging purposes, the epiglottis is divided 
into suprahyoid and infrahyoid portions by a plane at the 
level of the hyoid bone. Histologically, the supraglottis is 
lined with ciliated columnar epithelium. 


OVERALL 5-YEAR SURVIVAL 
1’) BY SUBSITE AND STAGE (8,9) 


Glottis 


50%—60% 43% 
22%-52% 25% 


Supraglottis Subglottis 


50%-60% 
28%-53% 


Stage Ill 
Stage IV 


The glottic larynx is comprised of the superior and 
inferior surfaces of the true vocal cords, including both 
the anterior and posterior commissures. The inferior bor- 
der is defined as the line 1 cm below the apex of the ven- 
tricle (4). Histologically, the glottis is lined with stratified 
squamous epithelium. The layers of the true vocal cord 
from outward to inside are the following: stratified squa- 
mous epithelium, lamina propria, and vocalis muscle. 
The lamina propria is composed of three layers: a superfi- 
cial layer that is composed of loose fibrous tissue and cre- 
ates Reinke space an intermediate layer and a deep layer 
composed of elastic and collagen fibers that create the 
vocal ligament. 

The subglottic larynx is the region below the glottis 
down to the inferior rim of the cricoid cartilage (4). The 
subglottis has no subsites. It is rarely the primary site of 
laryngeal cancer but is commonly involved in the inferior 
extent of glottic tumors. Histologically, the subglottis is 
lined with ciliated columnar epithelium (Fig. 124.2). 


PATTERNS OF SPREAD 


The larynx contains several fibroelastic membranes and 
ligaments that divide the larynx into compartments, limit 
the spread of early cancers, and allow for partial resections 
with adequate margins. Tumors tend to grow in the path 
of least resistance into preexisting compartments includ- 
ing the preepiglottic space and paraglottic space. The pre- 
epiglottic space is bound by the thyroepiglottic ligament 
inferiorly, the hyoepiglottic ligament superiorly, and the 
epiglottis posteriorly. At this level, the thyroepiglottic liga- 
ment is an ineffective barrier and offers little resistance 
to tumor spread. Tumor may also spread directly into the 
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Figure 124.2 Midline sagittal section of the larynx demonstrat- 
ing the supraglottis, glottis and subglottis. 


preepiglottic space by traveling through lacunae on the 
laryngeal surface of the epiglottis into the space. The para- 
glottic space is another potential space bound laterally 
by the perichondrium of the thyroid cartilage and crico- 
thyroid membrane and posteriorly by the mucosa of the 
pyriform sinus. Medially, the paraglottic space is bound 
by the quadrangular membrane above the ventricle and 
the conus elasticus below the ventricle. The conus elas- 
ticus extends superiorly from the superior border of the 
cricoid cartilage to merge with the inferomedial border 
of the vocal ligament. This ligament resists the extrala- 
ryngeal spread of early glottic and subglottic tumors. The 
paraglottic space allows tumors to become transglottic 
(superior and inferior to the ventricle) tumors and also 
to impair the movement of the true vocal cord. The pre- 
epiglottic space and paraglottic space communicate with 
each other. 

At the level of the glottis, the vocalis tendon attaches to 
the thyroid cartilage through Broyles ligament, which is an 
ineffective barrier and will allow tumors to spread into the 
thyroid cartilage and preepiglottic space. This region where 
the tendon attaches to the thyroid cartilage has no peri- 
chondrium. The perichondrium is considered another bar- 
rier to the spread of early cancers. As previously discussed, 
the true vocal cords contain a lamina propria consisting of 
three layers. The superficial layer (Reinke’s space) contains 
loose fibrous tissue and is almost void of lymphatics and 
blood vessels creating a resistance to the spread of early 
glottic tumors. 

Lymphatic spread of the tumor usually occurs in a pre- 
dictable manor and follows the embryologic origins of the 
larynx. The supraglottis is derived from the midline buc- 
copharyngeal primordium and branchial arches 3 and 4. 
The supraglottis has a rich lymphatic supply. The glottis is 
derived from the tracheobronchial primordium and bran- 
chial arches 4, 5, and 6. In contrast to the supraglottis, 
the glottis has a very low lymphatic supply. These differ- 
ences account for the high incidence of lymphatic spread 
for supraglottic carcinomas and the low incidence of lym- 
phatic spread in glottic carcinomas. As a result of the rich 
lymphatic supply to the supraglottis, there is also a greater 
incidence of bilateral lymph node metastasis as compared 
to the unilateral spread in glottic tumors (10). 

Since the lymphatic drainage of these sites is predict- 
able, this allows surgeons to limit neck dissections to the 
lymph node levels most at risk. In 1972, Lindberg mapped 
out affected lymph nodes based on the primary site of the 
tumor. This study demonstrated that laryngeal carcinoma 
has lymphatic drainage to Levels Il to V and that supra- 
glottic tumors have a greater incidence of bilateral neck 
involvement (11) (Fig. 124.3). 


STAGING 


The current staging system for laryngeal cancer is the 
Tumor-Node-Metastasis (TNM) staging system of the 
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Figure 124.3 Parasagittal view of larynx demonstrating laryn- 
geal spaces and cartilages and ligaments that compose them. 


AJCC. This system is an anatomical staging system char- 
acterized by the extent of invasion of the primary tumor, 
cervical lymph node involvement, and distant metastasis. 
This information is obtained through physical examina- 
tion, imaging, and endoscopic examination and finally 
confirmed by surgical pathology from the resected tumor. 
For purposes of this chapter, advanced laryngeal cancer 
will be defined as Stage III or IV on the AJCC staging sys- 
tem (4) (Table 124.2). 

While this system stages tumors based on size and 
extent of the tumor, other important prognostic fac- 
tors are not included. There are histologic factors that 
can indicate a poorer prognosis including perineural 
invasion, angiolymphatic spread, extracapsular spread 
of nodal metastasis, and histologic grade of the tumor. 
There are also studies showing that multiple chromo- 
somal and molecular markers are indicative of a poor 
prognosis. Some of these markers include overexpression 
of mutant p53 protein (12), a high Ki67 or proliferating 
cell nuclear antigen score, and the expression of c-myc 
oncogene or int-2 gene (13,14). Bradford et al. (12) in 
1997 found that high levels of mutant p53 are associated 
with decreased survival. 

Other staging systems have been proposed for laryn- 
geal cancer. Some propose using a high-resolution 
computed tomography (CT) to assess the volume of 
tumor. Others suggest that any tumor with any change 
in vocal cord mobility be considered a T3 or T4. There 
was also a five-part system devised that used the TNM 
system but separated it into clinical/diagnostic, surgical, 
pathologic, retreatment, and autopsy. Other research is 
including comorbidities into the staging system and is 
looking at how it relates to the overall outcome (15) 
(Table 124.2). 
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TABLE 
124.2 STAGING LARYNGEAL CARCINOMA 


Primary tumor (T): TX: Primary tumor cannot be assessed TO: No evidence of primary tumor Tis: Carcinoma in situ 


Supraglottis 


T1: Tumor limited to one subsite? of supraglottis with normal vocal cord mobility 

T2: Tumor invades mucosa of more than one adjacent subsite? of supraglottis or glottis or region outside the supraglottis (e.g., 
mucosa of base of tongue, vallecula, medial wall of pyriform sinus) without fixation of the larynx 

T3: Tumor limited to larynx with vocal cord fixation and/or invades any of the following: postcricoid area, preepiglottic tissues, para- 
glottic space, and/or minor thyroid cartilage erosion (e.g., inner cortex) 

T4a: Tumor invades through the thyroid cartilage and/or invades tissues beyond the larynx (e.g., trachea, soft tissues of the neck 

including deep extrinsic muscle of the tongue, strap muscles, thyroid, or esophagus) 
T4b: Tumor invades prevertebral space, encases carotid artery, or invades mediastinal structures 


Glottis 


T1: Tumor limited to the vocal cord(s) (may involve anterior or posterior commissure) with normal mobility 

T1a: Tumor limited to one vocal cord T1b: Tumor involves both vocal cords 

T2: Tumor extends to supraglottis and/or subglottis, and/or with impaired vocal cord mobility 

T3: Tumor limited to the larynx with vocal cord fixation and/or invades paraglottic space, and/or minor thyroid cartilage erosion (e.g., 


inner cortex) 


T4a: Tumor invades through the outer cortex of the thyroid cartilage and/or invades tissues beyond the larynx (e.g., trachea, soft tis- 
sues of neck, including deep extrinsic muscle of the tongue, strap muscles, thyroid, or esophagus) 
T4b: Tumor invades prevertebral space, encases carotid artery, or invades mediastinal structures 


Subglottis 
T1: Tumor limited to the subglottis 


T2: Tumor extends to vocal cord(s) with normal or impaired mobility 


T3: Tumor limited to larynx with vocal cord fixation 


T4a: Tumor invades cricoid or thyroid cartilage and/or invades tissues beyond the larynx (e.g., trachea, soft tissues of neck, including 
deep extrinsic muscles of the tongue, strap muscles, thyroid, or esophagus) 
T4b: Tumor invades prevertebral space, encases carotid artery, or invades mediastinal structures 


Regional lymph nodes (N) NX: Regional lymph nodes cannot be assessed 


NO: No regional lymph node metastasis 


N1: Metastasis in a single ipsilateral lymph node, 3 cm or less in greatest dimension 

N2a: Metastasis in a single ipsilateral lymph node more than 3 cm but not more than 6 cm in greatest dimension 
N2b: Metastasis in multiple ipsilateral lymph nodes, not more than 6 cm in greatest dimension 

N2c: Metastasis in bilateral or contralateral lymph nodes, not more than 6 cm in greatest dimension 

N3: Metastasis in a lymph node more than 6 cm in greatest dimension 


Distant metastasis (M) MX: Distant metastasis cannot be assessed 
MO: No distant metastasis 
M1: Distant metastasis 
Stage 
Stage 0: Tis, NO, MO 
Stage I:T1, NO, MO 
Stage Il: T2, NO, MO 
Stage Ill: T3, NO, MO or T1, N1, MO or T2, N1, MO or T3, N1, MO 


Stage IVA: T1, N2, MO or T2, N2, MO or T3, N2, MO or T4a, N2, or less MO 


Stage IVB: T4b, any N, MO or any T, N3, MO 
Stage IVC: Any T, any N, M1 


Subsites include the following: suprahyoid epiglottis, infrahyoid epiglottis, vestibular folds (false vocal cords), aryepiglottic folds, arytenoids 


(each fold is one subsite). 


Adapted from AJCC. Larynx. ln: Edge SB, Byrd DR, Compton CC, et al., eds. AJCC Cancer Staging Manual, 7th ed. New York: Springer, 


2010:57-62. 


EVALUATION AND DIAGNOSIS 


History and Physical Examination 


The majority of the time, the diagnosis of laryngeal cancer 
can be made through a complete history and physical exam- 
ination. Presenting complaints can be site specific. Patients 
may complain of hoarseness (glottic carcinoma), muffled/ 


hot potato voice (supraglottic carcinoma), dyspnea, dys- 
phagia, and otalgia (usually supraglottic). Patients may 
also present with a history of aspiration pneumonia, stri- 
dor, hemoptysis, or sore throat. Constitutional symptoms 
may include weight loss, fevers, chills, and night sweats. 
Often, the initial complaint is that of a cervical mass. 
Glottic tumors usually present earlier than supraglottic 


cancers due to the early change in voice. Supraglottic 
tumors present with fewer symptoms in the early stage and 
therefore are usually diagnosed at a later stage. Patients 
with supraglottic tumors tend to present with pain, dys- 
phagia, and cervical metastasis. Subglottic tumors typically 
present as advanced stage disease with airway obstruction. 

Past medical history is also important in assessing 
patient comorbidities, history of cancer, and immunologic 
status. Social history is important in assessing patient risk 
factors. More than 95% of patients with laryngeal cancer 
have a significant history of tobacco abuse (3). There is 
a positive relationship between the quantity of cigarettes 
consumed and the increased risk of developing laryngeal 
cancer. There is also a synergistic effect when tobacco is 
combined with alcohol use leading to even higher rates of 
malignancy (16). However, alcohol may be a risk factor by 
itself, but its role is less defined. Treatment of tobacco and 
alcohol dependency must be considered in the postopera- 
tive period. Delirium tremens and tobacco withdrawal can 
lead to a complicated and prolonged postoperative course 
and impaired healing. 

Other risk factors include human papillomavirus, espe- 
cially subtypes 16 and 18 (17); gastroesophageal reflux dis- 
ease; and occupational exposures as seen in patients who 
are metal workers, construction workers (asbestos), and 
textile processors. 

A complete examination including a complete head 
and neck exam should be performed on all patients to 
determine staging, the presence of second primaries, and 
other findings/comorbidities that may influence recom- 
mended treatments. A complete head and neck exami- 
nation includes examination of the skin, eyes, ears, oral 
cavity, and pharynx, including palpation of the floor of 
mouth, base of tongue, and tonsils in addition to the lar- 
ynx, neck, and cranial nerves. Dentition should be assessed 
for caries and periodontal disease. A more detailed exam 
of the larynx and pharynx is performed using flexible fiber- 
optic laryngoscopy at which time. The extent of the lesion 
as well as the mobility and position of the vocal cords are 
assessed. This also allows for assessment of the airway. 
Videostroboscopy can also be used to detect subtle changes 
in vocal cord function and mobility but is more helpful 
in early-stage disease. Palpation of the neck should occur 
bilaterally noting the location, size, and relationship of the 
lymph nodes to adjacent structures (18,19) (Fig 124.4). 


Imaging 


Physical examination is often limited in the evaluation 
of tumor depth and nodal metastases, and radiographic 
imaging is helpful in determining the extent of the dis- 
ease. Imaging can provide information regarding cartilage 
invasion, extension into the preepiglottic and paraglottic 
spaces, and extralaryngeal spread of tumor. Imaging stud- 
ies can also be used to assess cervical nodal disease. Both 
CT and magnetic resonance imaging are useful tools for 
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Figure 124.4 Seventy-degree fiberoptic view of T3NOMO SCCA 
supraglottis. Tumor extends from epiglottis onto left false fold. 


this assessment. The CT scan is more specific for cartilage 
invasion (20), and in most centers, CT is considered the 
standard imaging modality for advanced laryngeal cancers 
(Fig 124.5). 

Chest radiograph (CXR) should be obtained on all 
patients in the preoperative evaluation and staging of 
laryngeal cancer. This allows for the diagnosis of acute/ 
chronic pulmonary disease as well as a synchronous or 
metastatic lung mass/tumor. Patients with abnormalities 
on CXR will usually require additional imaging (chest CT) 
for further work-up. 

Another imaging modality used in the staging of many 
cancers, including laryngeal cancer, is positron emission 
tomography (PET). PET is a nuclear medicine technique 
that produces a three-dimensional image of the functional 
processes of the body. It utilizes fluorescence-tagged glu- 
cose molecules and then measures the uptake within the 
tissues. The hypermetabolic state of most malignancies 
will lead to increased uptake (10). PET has evolved to be an 
essential imaging modality in the assessment of advanced 
laryngeal cancer. It has limited utility in determining the 


Figure 124.5 Axial contrast CT scan, T4NOMO transglottic SCCA 
demonstrating paraglottic space involvement and thyroid cartilage 
invasion with extralaryngeal spread. 


1966 Section VII: Head and Neck Surgery 


extent of the primary tumor; however, it is becoming the 
standard in the assessment of regional cervical metasta- 
sis as well as distant metastasis (21). The sensitivity and 
specificity of PET in detecting cervical metastatic disease 
range from 74% to 94% and from 82% to 100%, respec- 
tively, compared with the sensitivity and specificity of CT, 
which ranged from 67% to 81% and from 47% to 81%, 
respectively (22-27). Kyzas et al. (28) found that the over- 
all sensitivity of PET in detecting cervical nodal metastasis 
was 79%; however, in tumors with nodal status as NO, the 
sensitivity decreased to 50%. Yamazaki et al. (27) found 
that metastatic nodes measuring greater than 1cm were 
detected 100% of the time whereas nodes measuring less 
than 5 mm were not detected. In the posttreatment period, 
PET has become useful in the identification of residual and 
recurrent disease (21). In the assessment of distant metas- 
tasis, Gourin et al. (29) reported that the sensitivity and 
specificity of PET-CT detecting distant metastasis were 
86% and 84%, respectively. 

Ultrasound is another useful imaging tool in the deter- 
mination of nodal disease. This is most commonly used in 
Europe but is gaining prevalence in the United States. This 
tool is noninvasive, low cost, and is a good technique for 
lymph node assessment. 


Laboratory Tests 


Laboratory tests are ordered as part of the preoperative and 
metastatic workup, usually according to patient factors 
and institutional guidelines. These tests typically include 
complete blood count, complete metabolic panel, coagula- 
tion studies, as well as other tests. If abnormal liver func- 
tion tests and calcium and alkaline phosphatase levels are 
noted, abdominal CT, bone scan, or PET can be utilized to 
further determine the etiology of these abnormalities. 


Consultations 


A multidisciplinary approach is used in the treatment of 
advanced laryngeal cancer. Prior to the start of treatment, 
other specialists, who will assist in the treatment, as well as 
posttreatment care, should evaluate the patient. The mem- 
bers of the multidisciplinary team usually include radia- 
tion oncology, hematology oncology, dental oncology, 
speech pathology, nutritional services, and spiritual care. 
The speech pathologist is critical in pretreatment assess- 
ment, counseling, education regarding changes in voice 
and swallowing including alaryngeal speech, and posttreat- 
ment rehabilitation. 


Surgical Evaluation 


Panendoscopy is a term used to describe the endoscopic 
evaluation of the entire upper aerodigestive tract. This 
includes direct laryngoscopy, tracheobronchoscopy, 
and esophagoscopy and is typically done under general 


anesthesia. With the advent of advanced flexible scopes and 
the advancements of in-office procedures, panendoscopy 
has been performed successfully in this setting (30); how- 
ever, if conservation laryngeal surgery is being considered, it 
should not replace the operative endoscopy. 

Exam under anesthesia allows the surgeon to make an 
accurate assessment of the boundaries of the primary site 
(T stage) and determine if the patient is a candidate for 
conservation laryngeal surgery by allowing superb visual- 
ization of the complex endolaryngeal anatomy. This assess- 
ment also allows for the evaluation of a second primary 
tumor. The overall incidence of second primary tumors 
is 8.9% creating a 5-year disease-specific survival of 35%. 
Second primary tumors are not statistically related to the 
primary tumor site, stage, or presence of regional or distant 
metastases (31). 

Evaluation of the upper aerodigestive tract begins with 
a thorough examination and palpation of the oral cav- 
ity; oropharynx, including base of tongue and tonsil; and 
nasopharynx. 

Direct laryngoscopy is then performed to assess the 
extent of the tumor, carefully mapping its margins. Rigid 
telescopes (0, 30, and 70 degree) are helpful in examining 
the ventricles as well as the subglottis and for photodoc- 
umentation (Fig. 124.6). The true vocal cords, vocal pro- 
cesses, and arytenoids are palpated to assess cricoarytenoid 
joint mobility and to differentiate vocal cord immobility 
from vocal cord fixation. Tumor involvement in the preepi- 
glottic space and base of tongue is assessed through biman- 
ual palpation. Biopsies are taken at the primary site to 
obtain the pathological diagnosis. Flexible or rigid esopha- 
goscopy is performed to assess esophageal involvement by 
tumor, skip lesions in the esophagus or second primaries. 
Tracheobronchoscopy can also be performed; however, the 


Figure 124.6 Seventy-degree telescope evaluation of left ven- 
tricle with SCCA involving left false vocal fold with clear ventricle 
and true vocal fold. 


yield is low in the asymptomatic patient due to the limi- 
tation of only visualizing endobronchial lesions. With the 
patient fully relaxed, a complete neck examination is per- 
formed to assess for occult nodal disease that might have 
been missed on in-office examination. 


DIFFERENTIAL DIAGNOSIS 


Squamous cell carcinoma (SCCA) comprises 95% to 99% 
of laryngeal malignancies. SCCA can be represented by a 
linear continuum from dedifferentiation through inva- 
sive carcinoma. There are multiple histologic variants of 
SCCA. The most common of these is verrucous carcinoma 
representing 1% to 3% of all laryngeal malignancies. This 
variant has “pushing borders” with a high propensity for 
local recurrence but an extremely low rate of distant metas- 
tasis. It has the classic appearance of exophytic white-gray 
fronds. The treatment remains controversial, but as of now, 
surgery remains the treatment of choice (10,32,33). 

Although SCCA accounts for the majority of laryngeal 
cancers, many granulomatous and neoplastic lesions can 
mimic its appearance, and therefore, a biopsy must always 
be obtained. Granulomatous diseases such as tuberculosis, 
Wegener granulomatosis, sarcoidosis, histoplasmosis, and 
blastomycosis may present with an exophytic or fungat- 
ing mass resembling SCCA. Of the neoplastic lesions, the 
most common are sarcomas, minor salivary gland tumors, 
and neuroendocrine tumors. Multiple sarcomas have been 
described in the larynx, with chondrosarcoma being the 
most common sarcoma in the larynx, usually arising from 
the cricoid cartilage (Fig. 124.7). 

Minor salivary tumors include adenoid cystic carci- 
noma, mucoepidermoid carcinoma, acinic cell carcinoma, 
adenocarcinoma, and malignant mixed carcinoma. These 


Figure 124.7 Chondrosarcoma with cricoid and right arytenoid 
cartilage involvement with airway obstruction. 
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tumors are most commonly found in the supraglottis but 
can also be found in the subglottis (adenoid cystic carci- 
noma). Neuroendocrine malignancies are comprised of 
paragangliomas, large cell tumors, and small cell tumors 
and usually involve the supraglottis. Lymphoproliferative 
lesions also usually occur in the supraglottis, and the most 
common type is mucosal-associated lymphoid tissue, a 
subtype of non-Hodgkin lymphoma. Granular cell tumors 
usually affect the younger patient population and can be 
difficult to distinguish from invasive carcinoma. 

It is also important to remember that the larynx can be 
the site of secondary spread through direct extension from 
neighboring structures such as the thyroid gland. Metastatic 
lesions can also occur in the larynx. Adenocarcinoma can 
metastasize most commonly from the breast or colon. 
However, renal cell carcinoma is the most common laryn- 
geal metastasis (34). 


TREATMENT 


Through the use of history and physical examination, 
imaging studies, laboratory data, and diagnostic surgery, 
the tumor can be accurately staged, and the appropriate 
treatment plan can be recommended. The treatment is then 
divided into surgical and nonsurgical pathways. Unlike 
early-stage laryngeal cancer, advanced laryngeal cancer 
usually requires multimodality treatment with surgery fol- 
lowed by radiation or radiation and chemotherapy. The 
goal of treatment for advanced laryngeal cancer is to cure 
the patient with secondary goals of preserving speech and 
swallowing function. The patient should be included in all 
aspects of the decision-making process and be allowed to 
make an informed decision on which treatment option is 
best for him or her. 


Nonsurgical Treatment 


Radiation Therapy 

External beam radiation uses ionizing radiation to gen- 
erate free radicals within cell nuclei creating cellular and 
DNA damage resulting in cell death. The goal of radiation 
therapy is to achieve better outcomes with tumor eradica- 
tion while preserving normal tissue. Intensity-modulated 
radiation therapy was most recently designed to better 
achieve the above goals. It allows the radiation beams to be 
more precisely focused to limit the effects of the radiation 
on surrounding tissue. 

The typical total treatment dose of radiation is 6,000 
to 7,000 cGy given 5 days per week over a period of 6 to 
7 weeks. Primary radiation therapy is indicated for T1, T2, 
and small T3 tumors. The necks are included in the field of 
radiation if there is N+ disease or if there is greater than a 
20% to 30% risk of cervical regional metastasis. It is also 
useful in palliation in unresectable tumors and in patients 
who are poor surgical candidates. Adjuvant radiation may 
also be given in the postoperative period. Indications for 
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this include advanced stage disease, positive margins, 
extracapsular spread of tumor in a lymph node, perineu- 
ral or angiolymphatic spread of tumor, multiple cervical 
lymph node involvement, and subglottic extension of 
tumor. Radiation therapy alone for advanced laryngeal 
cancer has a 5-year disease-specific survival of 56.5% for 
Stage III laryngeal cancers and 50% for Stage IV laryngeal 
cancers (35,36). 

Complications of radiation therapy are divided into 
eatly and late. Early complications include mucositis, 
odynophagia, dysphagia, skin breakdown, loss of taste, 
and edema. These side effects can last up to 6 weeks 
after the completion of radiation. As a result of the dys- 
phagia and edema associated with radiation, the patient 
may require the placement of a tracheotomy as well as 
a percutaneous gastrostomy to maintain nutrition. The 
late complications include fibrosis, xerostomia, edema, 
loss of taste, hypothyroidism, laryngeal stenosis, esopha- 
geal stenosis, chondroradionecrosis, and osteoradione- 
crosis. Chondroradionecrosis occurs in approximately 
5% of patients with laryngeal cancer. The most common 
cartilage to be affected is the arytenoid cartilage (37). 
Osteoradionecrosis can be prevented by having a thorough 
dental exam prior to the start of radiation. 


Chemotherapy 
Chemotherapy is another modality used in the treatment of 
laryngeal cancer. It is most often used in conjunction with 
radiation therapy. The two most common methods of che- 
motherapy are induction and concomitant. Concomitant 
chemoradiation therapy has added a new dimension to the 
treatment of laryngeal cancer. The chemotherapeutic agent 
is used as a radiosensitizer while also providing a systemic 
antineoplastic effect. 

Cisplatin and 5-fluorouracil are the two most com- 
monly used agents. Chemotherapy may also be used in 
palliation when radiation therapy is not an option. 


Concurrent Chemotherapy and Radiation Therapy 

In 2003, a landmark trial (RTOG 91-11) by Forastiere et 
al. was conducted, which was the first prospective ran- 
domized trial specifically addressing the role of concur- 
rent chemoradiotherapy in laryngeal preservation. Five 
hundred and forty-seven patients with resectable Stage 
Ill or IV SCCA of the larynx were randomized to one of 
three treatment arms. The three treatments included (a) 
induction chemotherapy followed by chemoradiation 
or surgery and postoperative radiation, (b) concurrent 
chemoradiation, and (c) radiation alone. Exclusions to 
the trial included all T1 tumors, T4 tumors if the tumor 
penetrated through cartilage or invaded greater than 
1 cm into the base of tongue and any patients with dis- 
tant metastasis. Any patient who presented with N2 or 
N3 disease had a planned neck dissection 8 weeks after 
completing radiation. Indications for total laryngectomy 
were inadequate response after two cycles of induction 


chemotherapy, biopsy-proven disease at the primary 
site at least 8 weeks after radiation therapy, or laryngeal 
dysfunction with aspiration or laryngeal necrosis. At 2 
years, the patients who had an intact larynx after concur- 
rent chemoradiation (88%) differed significantly from 
the groups given induction chemotherapy followed by 
radiation (75%) and radiation therapy alone (70%). The 
locoregional control was also found to be significantly 
better with concurrent chemoradiation as compared to 
induction chemotherapy and radiation and radiation 
alone. Overall 2-year survival was 76% for induction che- 
motherapy group, 74% for concurrent chemoradiation 
group, and 75% for radiation alone (38). 

In 2006, Forastiere et al. performed a follow-up study to 
the original RTOG 911-11 trial, which examined this same 
group of patients 5 years after treatment. The 5-year results 
differ from the 2-year results by a significant improvement 
in laryngectomy-free survival for both the induction che- 
motherapy followed by radiation (44.6%) and concurrent 
chemoradiation (46.6%) compared to radiation alone 
(33.9%). The 5-year disease-free survival was better with 
induction chemotherapy followed by radiation (38.6%) or 
concurrent chemoradiation (39%) compared to radiation 
alone (27.3%) which is similar to the 2-year disease-free 
survival statistics. The overall 5-year survival was similar for 
the three treatments: induction chemotherapy followed by 
radiation (59.2%), concurrent chemoradiation (54.6%), 
and radiation alone (53.5%) (39). 


Induction Chemotherapy 
Induction chemotherapy has been found to have high 
response rates. The response to induction chemotherapy 
predicts the success of subsequent therapy with additional 
chemotherapy and radiation. In the original RTOG study, 
the early data on induction chemotherapy suggested a 
lower survival, but the follow-up study showed an increase 
in laryngectomy-free survival with induction chemother- 
apy (38,39). Recent studies have shown that there have 
been no adverse effects from the delay in surgery or radia- 
tion therapy with induction. There has been no difference 
in survival, but there is a decrease in distant metastasis in 
patients treated with induction chemotherapy (40,41). 
The Veterans Affairs Study Group provided a landmark 
induction study for laryngeal cancer. Patients in the experi- 
mental arm were treated with two cycles of cisplatin and 
5-fluoruracil and then reassessed. If there was a partial 
response, a third round was given followed by radiation. 
Poor responders after two cycles of chemotherapy were 
treated with surgery. The experimental arm was compared 
to the standard therapy of surgery and postoperative radia- 
tion. Patients treated with induction chemotherapy fol- 
lowed by radiation had a similar survival to those treated 
with total laryngectomy and postoperative radiation (68% 
at 5 years) (40). One of the limitations of this study was 
that there was no radiation-therapy-alone arm for direct 
comparison. 


The European Organization for Research and Treatment 
of Cancer performed a study to determine if induction che- 
motherapy followed by radiation was comparable to sur- 
gery and postoperative radiation in patients with T2-T4, 
NO-N2b SCCA of the pyriform sinus or aryepiglottic fold. 
Two hundred and two patients were enrolled in the study. 
The induction chemotherapy patients underwent three 
cycles of cisplatin and 5-fluorouracil. Partial response and 
complete response were assessed after each cycle. Only the 
patients with complete response underwent radiation. The 
surgical group underwent partial laryngopharyngectomy 
and postoperative radiation. The results showed for the 
chemotherapy group a 3-year and 5-year disease-free sur- 
vival of 43% and 25%, respectively, and the surgical group 
32% and 27%, respectively. The overall survival at 3 years 
was 57% for the chemotherapy group and 43% for the sur- 
gical group. There was no difference in survival at 5 years 
between the two groups. There was also found to be no 
difference in local regional failure. There were fewer distant 
metastases and increased time to distant metastases in the 
chemotherapy arm of the study. A complete response was 
found in 82% of T2 tumors, 48% of T3, and 0% of T4 (41). 

Both of these trials suggest that organ preservation 
is possible in patients with advanced stage laryngeal or 
hypopharyngeal cancer. Distant metastases appear to be 
decreased with chemotherapy. They also suggest that head 
and neck SCCA is sensitive to cisplatin and 5-fluorouracil. 

A new development has been the addition of a taxane 
(T) (docetaxel) to the traditional doublet cisplatin and 
5-fluorouracil (PF) regimen, thus creating a highly active 
triplet induction regimen, TPF (docetaxel, cisplatin, 
5-fluorouracil). Data from randomized trials indicate that 
TPF sequential therapy may be an effective alternative to 
concurrent chemoradiation for some patients with locally 
advanced laryngeal cancer with extensive tumor load or 
low-neck disease. The TPF is well tolerated but is associated 
with higher incidence of hematologic events (neutropenia) 
than traditional PE These side effects can be managed using 
prophylactic G-CSF and antibodies (42). In 2007, Posner et 
al. compared induction chemotherapy with TPF and with 
PE both followed by chemoradiation. The 3-year overall 
survival was 62% in the TPF group compared to 48% in the 
PF regimen. There was better locoregional control in the 
TPF group, but the incidence of distant metastasis was not 
significantly different. The TPF group had higher rates of 
neutropenia, but there were more treatment delays in the 
PF group secondary to hematologic events (43). 


Surgical Treatment 


There are many surgical options for laryngeal cancer. The 
spectrum ranges from the less invasive microlaryngeal 
technique to the most invasive, total laryngectomy. The key 
to the surgical treatment of laryngeal cancer is to determine 
the correct patient for the correct procedure while account- 
ing for the expertise of the surgeon. Not all patients are 
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amenable to surgical options; however, this can be deter- 
mined through a complete and thorough preoperative 
evaluation. 


Endoscopic Transoral Laser Microsurgery 
Endoscopic resection of laryngeal tumors was first designed 
for T1 and T2 tumors, but through experience in treating 
early disease and technical recent advancements, the pro- 
cedure can be utilized for selected T3 and T4 tumors. The 
field was born in 1972 when Strong and Jako (44) first 
introduced the laser through the laryngoscope. The field 
of endoscopic transoral laser microsurgery was initially 
slow to develop, but through the work of Wolfgang Steiner 
and other European experts, it has become more widely 
accepted and commonly used in the United States in the 
21st century. This technique utilizes endoscopes, carbon 
dioxide laser, and the microscope to excise both glottic and 
supraglottic tumors by following the pathway of the tumor. 
It challenged traditional views by transection of the tumor 
to assess tumor depth and to remove tumors larger than 
the laryngoscope in a multipiece fashion. This technique 
is less invasive than traditional open procedures. It does 
not deconstruct the larynx or its support mechanisms and 
does not require reconstruction, and major complications 
are very uncommon. This field is continuing to evolve and 
is used mainly for early laryngeal cancers, but its devel- 
opment has led to less open conservation laryngeal sur- 
gery for advanced laryngeal cancer. The major advantages 
of this procedure over open procedures are the frequent 
avoidance of a tracheotomy, swallowing rehabilitation is 
of shorter duration, and it does not remove the laryngeal 
support structures. Limitations to this procedure include 
surgical expertise and special instrumentation (Fig. 124.8). 

Hinni et al. in 2007 performed a multicenter study on 
117 patients with advanced laryngeal cancer of the glottis 
or supraglottis treated with transoral laser microsurgery 
from 1997 to 2004. They examined laryngeal preservation, 
overall survival, disease-free survival, local control, locore- 
gional control, and distant metastasis. At 2 years, 92% of 
patients had an intact larynx after treatment. The 5-year 
Kaplan-Meier estimates were local control 74%, locore- 
gional control 68%, disease-free survival 58%, overall sur- 
vival 55%, and distant metastasis 14%. They concluded 
that in patients with advanced laryngeal cancer, transoral 
laser microsurgery with or without postoperative radiation 
therapy is a valid treatment option for organ preservation 
with low mortality and morbidity with good outcomes 
(44). Vilaseca et al. (45) found that vocal cord fixation and 
cartilage invasion were found to be negative prognostic fac- 
tors for transoral laser microsurgery. 


Open Conservation Laryngeal Surgery 

Conservational laryngeal surgery is any procedure that 
maintains physiologic speech and swallowing without the 
need for permanent tracheostoma. The goal is to preserve 
maximal laryngeal function without compromising cure 
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Figure 124.8 T3NOMO SCCA treated with transoral laser microsurgery. A: Pre-op flexible laryngoscopy image demonstrating ulcerative 
cancer of laryngeal surface of the epiglottis in phonation. B: Intraoperative telescopic image in surgical position demonstrating postsurgi- 
cal defect with hyoid visible superiorly with visible thyroid cartilage status post removal of false folds, epiglottis, and preepiglottic space 
with laser-shielded endotracheal tube. C: Postoperative flexible healed supraglottic laryngectomy defect on inhalation. 


rates. Malignant disease is resected while preserving swal- 
lowing, respiration, phonation, and airway protection. In 
conservational laryngeal surgery, proper patient selection 
is critical. As long as one cricoarytenoid joint is preserved 
and one laryngeal valve (epiglottis, false vocal cords, or 
true vocal cords) is maintained, the patient is a potential 
candidate. The following are the partial surgical procedures 
and their indications. 


Vertical Hemilaryngectomy 

The vertical hemilaryngectomy is an organ-sparing proce- 
dure used for the treatment of glottic malignancies. This pro- 
cedure allows for the en bloc removal of the involved vocal 
cord and a portion of the thyroid cartilage. It also addresses 
tumors that extend into the paraglottic space. In order for 
the tumor to be resected by a vertical hemilaryngectomy pro- 
cedure, the tumor can be up to 5 mm onto the contralateral 
true vocal fold, up to 15 mm of subglottic extension ante- 
riorly, up to 5 mm of subglottic extension posteriorly, and 
can extend superiorly up to the free edge of the false vocal 
fold. Candidates for this procedure include T1, T2, selected 
T3, and rare T4 glottic tumors. First, endoscopy and trache- 
otomy are performed. A horizontal skin incision is made 
separate from the tracheotomy incision. The strap muscles 
are retracted laterally to expose the larynx. The external 
perichondrium and musculature are elevated. A midline 
thyrotomy, cricothyrotomy, and a superior incision across 
the petiole are made. The lesion and thyroid cartilage are 
removed en bloc. The raised perichondrium and occasion- 
ally the strap muscles are used to reconstruct the neoglottis. 
Contraindications to this procedure include fixed true vocal 
fold, posterior commissure/interarytenoid involvement, 
invasion of bilateral arytenoids, bulky transglottic lesion, 
thyroid cartilage invasion, preepiglottic space involvement, 
subglottic extension that involves the cricoid cartilage, and 
extralaryngeal spread. Survival is similar between radiation 
and open surgical techniques. Voice outcomes are generally 
considered inferior to primary radiotherapy. 


The extended vertical hemilaryngectomy can be subdi- 
vided into frontolateral vertical hemilaryngectomy and the 
posterolateral vertical hemilaryngectomy. The frontolat- 
eral hemilaryngectomy is for glottic lesions involving the 
anterior commissure and can encompass up to the anterior 
one-third of the contralateral vocal cord. The posterolateral 
vertical hemilaryngectomy is for lesions involving the ipsi- 
lateral arytenoid without fixation. 

Vertical partial laryngectomies are used mainly for 
T1 and T2 tumors. Brumund et al. in 2005 studied 270 
patients with previously untreated SCCA of the true vocal 
cord (232 TINOMO, 35 T2NOMO, and 3 T3NOMO). These 
patients were treated with frontolateral vertical partial lar- 
yngectomy. The 5-year Kaplan-Meier survival estimate was 
83.1% for T1 tumors and 67.2% for T2 tumors, and the 
local control estimate was 91% for T1 tumors and 68.7% 
for T2 tumors. Reduced survival was seen with advanced T 
stage, local failure, and nodal failure (46). 


Supraglottic Laryngectomy 
The supraglottic laryngectomy is also known as the hori- 
zontal hemilaryngectomy, which is used to remove the 
supraglottic structures superior to the true vocal cords 
including the preepiglottic space and leaves a portion of 
the thyroid cartilage and both arytenoid cartilages behind. 
The supraglottic laryngectomy does not clear the paraglot- 
tic space. This procedure may be indicated in T1, T2, or 
T3 supraglottic tumors with limited preepiglottic space 
involvement. Patients undergoing this procedure must 
have mobile vocal cords, no cartilage involvement, lim- 
ited base of tongue extension, no pyriform sinus involve- 
ment, and good pulmonary reserve. All patients will have 
a temporary tracheotomy placed for pulmonary toilet. All 
patients aspirate after supraglottic laryngectomy, which is 
why the patients must have good cardiopulmonary reserve. 
An apron incision is made separate from the tracheot- 
omy incision, and the strap muscles are retracted laterally 
to expose the larynx. The perichondrium is elevated off of 


the larynx, and a transverse incision is made in the thyroid 
cartilage at the junction of the superior one-third and infe- 
rior two-thirds. The supraglottic larynx up to the hyoid is 
removed. The perichondrium is then sutured to the base of 
tongue. Contraindications include anterior commissure or 
thyroid cartilage invasion, vocal cord fixation, or involve- 
ment of the pyriform apex, postcricoid mucosa base of 
tongue, bilateral arytenoids, and posterior commissure. 
The expected functional outcome is for excellent voice 
results and safe swallowing utilizing a supraglottic swallow. 
Chun et al. in 2010 analyzed 68 patients with Stage I-IV 
laryngeal cancer. Forty-eight patients were initially treated 
with supraglottic partial laryngectomy (SPL), and 20 
patients were treated with radiation therapy. In the patients 
receiving SPL, if they had positive nodal disease, they 
received postoperative radiation. The 5-year disease-free 
survival for patients with Stage I or II disease was 89% for 
SPL and 100% for radiation. The overall 5-year survival was 
87% and 80% for SPL and radiation therapy, respectively. 
In patients with Stage III or IV disease, the 5-year disease- 
free survival was 85% for patients receiving SPL and 52% 
for radiation therapy. The overall 5-year survival was 83% 
and 61% for SPL and radiation therapy, respectively (47). 


Supracricoid Partial Laryngectomy 
This technique adds to the previous supraglottic laryngec- 
tomy to remove the supraglottis plus the true vocal cords 
and thyroid cartilage. This procedure not only clears the 
preepiglottic space but can also clear the paraglottic space. 
Supracricoid laryngectomy was first described by Majer and 
Rieder in 1959, as an alternative to total laryngectomy (48), 
and popularized in the United States through the work of 
Laccourreye and Weinstein (49,50). One functional aryte- 
noid must be preserved; therefore, careful patient selection 
is critical. Indications for this procedure include supraglot- 
tic cancer with glottic and anterior commissure involve- 
ment, ventricle invasion, thyroid cartilage invasion, true 
vocal cord immobility, paraglottic space invasion, mod- 
erate preepiglottic space involvement, and _ transglottic 
tumors. The cricoid cartilage, hyoid bone, and at least one 
arytenoid cartilage are spared. This procedure is indicated 
for T2, T3, and T4 cancers of the glottis and supraglottis. As 
with supraglottic laryngectomy, the patient must have good 
cardiopulmonary reserve. The type of supracricoid laryn- 
gectomy is named for its reconstruction. Reconstruction is 
by cricohyoidopexy or cricohyoidoepiglottopexy depend- 
ing on the absence or presence of an epiglottic remnant. 
This also determines whether the tumor that is being 
treated is supraglottic (cricohyoidopexy) or glottic (crico- 
hyoidoepiglottopexy). This reconstruction helps to restore 
a symmetric valve, which aids the patient in voicing as well 
as airway protection. The functional outcome for voice and 
swallow is good, but like most conservation procedures 
requires a dedicated period of rehabilitation. 

In 1990, Laccourreye et al. examined 36 patients with 
SCCA of the glottis who underwent partial horizontal 
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supracricoid laryngectomy with cricohyoidoepiglottopexy. 
All 36 recovered physiologic deglutition and phonation. 
None required tracheotomy. The 3-year survival rate was 
86.5% with a recurrence rate of 5.5% (50). Also in 1990, 
Laccourreye et al. examined 68 patients with supraglottic 
carcinoma who underwent supracricoid laryngectomy with 
cricohyoidopexy. Supraglottic laryngectomy was contra- 
indicated in all patients. 95.4% of the patients recovered 
physiologic deglutition. The 3-year survival was 71.4%, 
and no local recurrences were noted (49). This procedure 
has been found to be a useful alternative for the treatment 
of selected cases of laryngeal cancer (Fig. 124.9). 
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Figure 124.9 A-F: Resection outline by conservation procedure. 
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Near-Total Laryngectomy 

Near-total laryngectomy, or the Pearson procedure, is a 
voice preservation surgery used for large T3 and T4 lesions 
of the unilateral larynx not amenable to supraglottic or 
supracricoid laryngectomy. The procedure includes resec- 
tion of one hemilarynx with the anterior portion of the 
contralateral cord. It also includes the ipsilateral cricoid 
and can include a portion of the proximal trachea. A per- 
manent tracheostoma is created for respiration, and voice 
is produced through a dynamic tracheoesophageal con- 
duit. Contraindications to this procedure include inter- 
arytenoid involvement, postcricoid involvement, and the 
inability to preserve two-thirds of the contralateral cord. 
Functional outcomes include a permanent tracheostoma, 
normal swallow, and a speech fistula. This technique is 
technically challenging. 

In 1998, Pearson et al. studied 233 patients who under- 
went near-total laryngectomy for laryngeal or pharyngeal 
cancer. They found that the control rates were similar to 
that expected for total laryngectomy of total laryngo- 
pharyngectomy. Conversational voice was achieved in 
85% of patients surviving greater than 1 year. There were 
eight local recurrences (7%). Five of the eight recurrences 
occurred in patients whose near-total laryngectomy was 
for surgical salvage or irradiation failure. They concluded 
that near-total laryngectomy was an alternative to total 
laryngectomy but that it should not be used for surgical 
salvage (51). 


Total Laryngectomy 

Total laryngectomy is the gold standard treatment for 
laryngeal cancer and has the best oncologic outcome for 
which all partial laryngectomies should strive to achieve. It 
was first successfully performed by Billroth in 1873 (5) but 
has been further refined by Gluck and Sorenson in 1894 
(52). It is indicated for T3 and T4 advanced stage laryngeal 
cancers, chemotherapy and radiation failures, and conser- 
vation laryngeal surgery failures. Total laryngectomy pro- 
vides excellent control rates but with the sacrifice of natural 
voice. The procedure includes an en bloc resection of the 
larynx, including the hyoid bone, thyroid cartilage, and 
cricoid cartilage to the proximal tracheal rings inferiorly. 
Combined with this procedure may be resection of the 
pharyngeal wall and base of tongue. The trachea is then 
sutured to the skin to form a tracheostoma. The pharyn- 
geal wall is closed upon itself to form a digestive path sepa- 
rate from respiration. 

The key to success in total laryngectomy is maximizing 
QOL by maximizing alaryngeal function. Carefully creat- 
ing an accessible stoma by releasing the sternal heads of 
the sternocleidomastoid muscle and suspending the tra- 
chea to prevent traction that can lead to stomal stenosis are 
helpful in patients managing their stomas and easing voice 
restoration with tracheoesophageal speech. In order to 
improve deglutition and alaryngeal voicing, a complete cri- 
copharyngeal myotomy or pharyngeal plexus neurectomy 


should be performed. If not performed adequately, the 
patient may have difficulty swallowing and require esoph- 
ageal dilatations or other measures to improve voice and 
swallowing. Voice restoration is obtained through tracheo- 
esophageal speech, esophageal speech, or an artificial lar- 
ynx. 

Overall 5-year disease-free survival for T3 glottic tumors 
treated with total laryngectomy varies according to the 
study but ranges 49% to 80% (53-55). The 5-year over- 
all survival is 54% (35). For T4 tumors of the glottis, the 
5-year overall survival after total laryngectomy ranges from 
32% to 63% (36,54,55). The overall recurrence rate for 
Stage III and IV glottic tumors was 37% with 19% recurring 
at the primary site and 17% recurring in the neck (36). 

Advanced laryngeal tumors can involve structures out- 
side of the larynx. Tumors can extend to directly involve 
the hypopharynx or oropharynx. Hypopharyngeal tumors 
with the piriform sinuses and postcricoid mucosa mak- 
ing up two of the hypopharyngeal sites are in direct con- 
tact with the larynx. Tumors that cross these boundaries 
frequently require extended surgical resections that can 
encompass the entire pharynx, namely, a laryngopharyn- 
gectomy. Similarly large tumors that involve the subglot- 
tis or the hypopharynx often involve the trachea and/or 
the esophagus necessitating extended excisions that may 
require an esophagectomy to ensure adequate margins. 


Salvage Total Laryngectomy 

Patients who fail organ preservation therapy with chemora- 
diation therapy for their advanced laryngeal cancer require 
surgical salvage. Once the patient has received chemoradia- 
tion therapy, only in highly selected cases are patients still 
candidates for conservation laryngeal surgery with most 
requiring salvage total laryngectomy. Many studies look- 
ing at overall survival in treatment with chemotherapy and 
radiation therapy include salvage laryngectomy in their 
outcome data. Patients requiring surgical salvage whether it 
is through conservation surgery or with total laryngectomy 
have a higher surgical complication rate. Salvage total lar- 
yngectomy is also frequently required if a patient fails con- 
servation laryngeal surgery. In 2006, Fowler et al. examined 
the overall survival in patients undergoing salvage total 
laryngectomy. They found the 5-year and 10-year overall 
survival after salvage total laryngectomy to be 65.2% and 
37.7%, respectively (56). 


Postlaryngectomy Recurrence 

Laryngeal cancer not only has a risk of regional and dis- 
tant metastases; it can recur locally as well after total laryn- 
gectomy or salvage total laryngectomy. The most common 
location for the local recurrence is in the tracheal stoma. 
The incidence of stomal recurrence is 2% to 25% (57). The 
Sisson classification was developed to identify the location 
of the recurrence and the appropriate management and 
outcome (58). Type I is localized to the superior aspect 
of the stoma without esophageal involvement. Type II is 


localized to the superior aspect of the stoma with esopha- 
geal involvement. Type III originates in the inferior aspect 
of the stoma with involvement of the superior mediasti- 
num. Type IV has extension laterally beneath the clavicle 
and into the superior mediastinum. Type I and II stomal 
recurrences are best treated with salvage therapy. However, 
Sisson type III and IV are generally considered unresect- 
able, and nonoperative management involving chemora- 
diation or re-irradiation should be used (59,60). 


Subglottic Carcinoma 

Subglottic carcinoma usually presents with airway obstruc- 
tion and hemoptysis. It is rare to find a primary subglot- 
tic carcinoma. Since there are so few, there are no studies 
examining treatment protocols and outcomes. Subglottic 
carcinomas have no barriers to the spread of disease and 
usually present with extensive cartilage invasion. The 
accepted treatment for subglottic carcinoma is total lar- 
yngectomy and tracheal resection below the level of the 
disease. 

In 1998, Dahm et al. performed a retrospective review 
of 39 patients treated for primary subglottic cancer. 32.1% 
of the patients were diagnosed with advanced stage sub- 
glottic cancer. The 5-year overall survival and disease-free 
survival were 57.7% and 46.2%, respectively. Patients 
treated with radiotherapy alone, surgery alone, or both had 
disease-free 5-year survival of 22.2%, 41.7%, and 100%, 
respectively (9). 


Surgery versus Chemoradiation 

Over the last two decades, survival from laryngeal cancer 
has unfortunately decreased. There has been a great interest 
in determining the etiology associated with the decreased 
survival. In 2009, Gourin et al. performed a retrospective 
review of patients diagnosed with laryngeal cancer between 
1985 and 2002. They found the 5-year survival rates were 
85% for Stage I, 77% for Stage II, 51% for Stage III, and 
35% for Stage IV disease. Survival for patients with Stage I- 
Ill disease was similar for patients treated operatively and 
nonoperatively. Patients with Stage HI disease had a worse 
survival when treated with radiation alone as compared to 
chemoradiation. Patients with Stage IV disease had better 
survival after surgery (55%) as compared to chemoradia- 
tion (25%) or radiation alone (0%) (61). 

In 2007, Chen et al. examined factors predictive of 
survival in advanced laryngeal cancer. During 1995 to 
1998, 10,590 patients (7,019 patients included in the 
study) with Stage III or IV SCCA of the larynx were exam- 
ined. These patients were treated with total laryngectomy, 
radiotherapy, or chemoradiation. They found that total 
laryngectomy, when compared with radiation therapy or 
chemoradiation, had increased survival. Death rates with 
radiotherapy alone and chemoradiation were 60% and 
30% higher, respectively, than those following total lar- 
yngectomy. In Stage IV disease, the death rate was 43% 
higher with chemoradiation than with total laryngectomy. 
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In Stage III disease, there is no significant disadvantage for 
chemoradiation relative to total laryngectomy. However, 
radiation alone was associated with significantly higher 
death rates relative to total laryngectomy in stage III as well 
as stage IV patients. They found that overall survival was 
decreased in men, African American patients as compared 
to Caucasians and in patients with Medicare, Medicaid, or 
uninsured (62). 

In 2010, Chen et al. identified 19,326 patients through 
the National Cancer Database who were diagnosed with 
advanced laryngeal cancer between 1996 and 2002 and 
were treated with chemoradiation therapy, total laryn- 
gectomy, or radiotherapy. The objective was to determine 
if patients treated at a high volume teaching facility had 
a better survival. They found that patients who received 
treatment at low volume facilities had a poorer survival 
when compared to those treated at higher volume facili- 
ties. It was also found that patients with advanced T4 
disease who were treated with total laryngectomy had 
an increased survival when compared to chemoradiation 
therapy (63). 


Treatment of the Neck 

When deciding whether to treat the neck, the likelihood 
of regional spread into the cervical lymphatics must be 
taken into account. As previously stated, the supraglot- 
tic larynx has a rich lymphatic supply as compared to 
the glottis, and also tends to spread to bilateral cervical 
lymph nodes. As a result of the poor lymphatic supply to 
the glottis, there is unlikely to be cervical spread until the 
primary tumor is stage T3 or greater. The nodal basins that 
are of greatest risk are levels I-IV and the central com- 
partment level VI. Generally accepted guidelines suggest 
that the neck should be treated if there is a 20% to 30% 
chance of regional metastasis. T3 glottic tumors have a 
10% to 20% risk of regional spread, and T4 glottic tumors 
have a 25% to 40% risk of spread. Whereas T3 supraglottic 
tumors have a risk of 38% to 65%, T4 supraglottic tumors 
have a greater than 57% risk of lymphatic spread (64-69) 
(Table 124.3). 

The NO neck at risk for nodal metastasis and the N1 
neck can be treated with radiation or surgery depending 
on the treatment of the primary tumor. If radiation is the 
treatment option, the field can be extended to include the 
nodal basins at risk. If surgery is the best treatment option, 
a selective neck dissection can be performed with limited 
morbidity. For N2 and N3 disease, the neck is best treated 
with multimodality therapy including surgery and radia- 
tion therapy. Occasionally, advanced neck disease will 
require a more extensive neck dissection including lev- 
els II-V as a modified radical or radical neck dissection 
depending on which structures are involved. 


Surgical Complications 
As with all head and neck surgery, complications arise 
including hematoma, infection, and skin flap necrosis. 
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Head and neck surgery is considered a clean-contaminated 
procedure, and the risk of postoperative infection is 
increased. Therefore, prophylactic, perioperative antibi- 
otics are given. There are many other complications that 
occur specific to laryngeal surgery. One important early 
complication is pharyngocutaneous fistula. This occurs 
as a result from failed surgical closure of the pharynx or 
larynx allowing contents to travel from the pharynx/larynx 
through the neck to the skin. The risk of fistula formation 


Figure 124.10 Post total laryngectomy pharyngocutaneous fis- 
tula on barium esophagram. Lateral cervical x-ray with arrow point- 
ing to contrast leaking from pharyngeal closure, staple line visible. 


increases with poor nutritional status, previous radiation 
therapy, and in patients who received preoperative che- 
motherapy and radiation therapy. Small fistulas can be 
treated conservatively with holding of oral feeds and local 
wound care. Larger fistulas may require additional surgical 
procedures including debridement, closure of the fistula, 
regional tissue transfer, or free tissue transfer. Recurrence 
or residual cancer should be suspected for fistulas that fail 
to respond to treatment or for late-occurring fistulas. Other 
early complications include aspiration pneumonia, wound 
dehiscence, hypocalcemia, and chyle leak/fistula. This can 
be avoided by meticulous dissection in Level IV to avoid 
injuring the thoracic duct. 

Late complications include pharyngeal/esophageal 
stricture, which can lead to swallowing dysfunction and 
failure of esophageal and tracheoesophageal speech. This 
may require periodic esophageal dilation. Tracheal stoma 
stenosis is another late complication that can be prevented 
by avoiding excess tension on the stoma, by releasing the 
medial heads of the sternocleidomastoid muscle, by bev- 
eling the transected trachea when making the tumor cuts, 
and by “walking” the stoma out to the skin while sewing 
it during stomal construction. Hypothyroidism can also 
occur after surgery or radiation. Serial thyroid-stimulating 
hormone testing should be used to prevent the conse- 
quences of hypothyroidism (Fig. 124.10). 


POSTTREATMENT QUALITY OF LIFE 
AND FUNCTIONAL OUTCOMES 


The larynx’s primary function is airway protection with 
its vital role in breathing and swallowing. It is equally 
essential in voice, and all three functions are at risk 
with laryngeal cancer and its treatment. Surgery, che- 
motherapy, radiotherapy, and combined modality treat- 
ments can have transient or permanent effects on voice, 
swallowing, and breathing. The resulting deficits have a 
direct impact on patient’s QOL, and pretreatment percep- 
tions of these risks frequently color a patient’s choice of 
therapy. Patients with voice and swallowing difficulties 
may experience tremendous frustration that can lead to 
severe depression due to the loss of social, cultural, and 
personal satisfaction associated with talking, eating, and 
drinking. Loss of voice can also impact the patient’s work 
and income. Different treatment modalities for advanced 
laryngeal cancers may offer similar survival but may dif- 
fer in health-related quality of life (HRQOL). It is very 
important to consider the potential HRQOL changes and 
organ function as an outcome of these treatment modali- 
ties and a component in helping patients select the opti- 
mal treatment modality. 

One of the first studies to assess QOL issues in patients 
with laryngeal cancer was the “Fireman study” by McNeil 
et al. in 1981. In this study, 37 healthy volunteers (12 fire- 
fighters and 25 executives) were asked to choose a treat- 
ment option based on perceived changes in QOL after total 


laryngectomy. Patients were also given a questionnaire to 
determine what impact these changes would have on them. 
Based on the questionnaires, McNeil et al. found that 10 
years of survival with normal speech was equivalent to 7 
years survival with artificial speech. They also found that 
20% of subjects would choose a treatment to preserve their 
larynx even if it meant a possible shorter survival, based on 
the perceived adverse effect to QOL after total laryngectomy 
(70). 

Terrell et al. (71) investigated the long-term QOL in sur- 
viving patients with advanced laryngeal cancer that origi- 
nally participated in the Veterans Affairs Laryngeal Cancer 
Study (40). They used the University of Michigan Head 
and Neck Quality of Life (HNQOL) instrument (72) and 
Medical Outcomes Studies Short Form-36 (SF-36) (73). 
They found that the chemoradiation group (CT + RT) had 
better QOL scores than the laryngectomy and radiation 
group (TL + RT) after 10 or more years following initial 
grouping. They concluded that this result appeared to be 
related to more freedom from pain, better emotional well- 
being, and lower levels of depression rather than preser- 
vation of speech function. The authors reported that there 
were no Statistical differences between the two groups in 
speech and swallowing domains of the HNQOL in the 
study. The authors also noted that the detectable speech 
intelligibility scores differences at 24 months between CT 
+ RT and TL + RT groups as initially reported by Hillman 
et al. study (74) disappeared in their 10-year follow-up 
study. Fung et al. (75) measured the vocal function using 
Voice-Related Quality of Life Measure and reported that 
the chemoradiation group had worse scores compare to 
normal subjects but better scores than the salvage laryngec- 
tomy group. With respect to swallowing function, they fur- 
ther reported that the chemoradiated patients did as well 
as the laryngectomies but had more dietary restrictions. 

Different studies however support different conclu- 
sions on functional outcomes. Hanna et al. (76), in a ret- 
rospective study, reported treatment-related toxic effects in 
patients who received intensive CT + RT for their advanced 
cancer of head and neck. The authors reported dehydra- 
tion, pneumonia, and malnutrition as some of the most 
frequent causes for the unscheduled hospitalizations of the 
subjects, which had significant effect on the overall cost 
of treatment. In addition, 93% of their subjects required 
G-tube placement to offset weight loss, poor oral intake, 
dehydration, and malnutrition and electrolyte imbal- 
ance. Weight loss was a considerable problem among their 
patients despite the PEG-tube placement not only during 
treatment but even 1 year after treatment. In addition, PEG- 
tube placement did not substantially reduce the unsched- 
uled hospitalizations in their study. The study also found 
that 40% of the subjects changed their diet posttreatment 
due to dysphagia. Other studies, however, (77,78) have 
reported similar overall QOL scores for patients undergo- 
ing total laryngectomy with those that receive chemother- 
apy and radiation therapy. 
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Conservation laryngeal surgery techniques such as 
supraglottic and supracricoid partial laryngectomy can 
be performed for advanced laryngeal cancers as a first-line 
organ-sparing procedure or as salvage following radiation 
failure. The success of these procedures depends not only on 
tumor characteristics but also on appropriate patient selec- 
tion. Adequate pulmonary function and commitment to 
rehabilitation are as important as the remaining larynx being 
functional enough to ensure prevention of aspiration, while 
maintaining voice and airway. Almost all patients initially 
aspirate, and postoperative rehabilitation for voice and swal- 
lowing function begins as early as possible to restore swal- 
lowing function. The successful rehabilitation of voice and 
swallowing following conservation laryngeal surgery depends 
on comprehensive evaluation and teamwork between the 
surgeon, patient and family, and the rehabilitation team. An 
optimal protocol should begin with preoperative counseling 
and functional assessment as well as posttreatment evalua- 
tion and rehabilitation of voice and swallowing function. 


EMERGENCIES 


As with all emergencies, the airway must be established 
first, and patients with advanced laryngeal cancer can 
initially present with symptoms of airway distress and 
impending airway obstruction. Similarly, patients who 
receive radiation therapy can develop airway edema and 
airway obstruction. Managing airway distress without a 
tracheotomy when safe is preferable in untreated laryngeal 
cancer patients. If possible, the patient should undergo 
fiberoptic nasotracheal intubation followed by debulking 
of the tumor. If the patient must undergo tracheotomy, the 
tracheotomy should be performed high so that the trache- 
ostomy may be removed with the resection. Other emer- 
gencies in advanced laryngeal cancer include complications 
of chondroradionecrosis or pharyngocutaneous fistula 
putting the great vessels of the neck at risk. It is important 
to have an awareness of these complications and provide 
appropriate management to avoid these emergencies. 


m The larynx produces one of the most complex motor 
functions in the body. It provides an airway for res- 
piration, deglutition, and phonation. Laryngeal can- 
cer can alter one or more of these functions. 

m Five-year overall survival has worsened over the past 
30 years (67% to 63%) despite efforts to improve 
treatment. 

m The larynx contains several fibroelastic membranes, 
ligaments, and spaces that divide the larynx into 
compartments, limit the spread of early cancers, and 
allow for partial resections with adequate margins. 
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Careful preoperative evaluation includes history 
and physical, flexible endoscopy, imaging through 
CT (to assess extent of invasion), and PET (to assess 
regional and distant metastasis). 

Surgical endoscopy is critical to map out the bound- 
aries of the tumor, to determine cricoarytenoid joint 
mobility, and to differentiate vocal cord immobility 
from vocal cord fixation in order to accurately stage 
the tumor and develop the best treatment plan. 
Ninety-five to ninety-nine percent of laryngeal 
malignancies are SCCA. 

Treatment for advanced laryngeal cancer is multi- 
modality therapy with surgery followed by radiation 
or radiation and chemotherapy. 

Endoscopic laser resection is used mainly for early 
laryngeal cancers, but its use on certain T3 and T4 
tumors is becoming more accepted. 

Conservation laryngeal surgery is an option for 
advanced laryngeal cancer, but the tumor must be 
accurately staged and boundaries identified in order 
for these procedures to be performed. 

Total laryngectomy remains the gold standard sur- 
gical procedure for advanced laryngeal cancer from 
which all other surgeries are derived. 

Postoperative radiation improves locoregional con- 
trol and survival. 

Chemotherapy (induction or concurrent) decreases 
the risk of distant metastasis. 

Treatment of the neck for nodal metastasis must 
be considered if the nodal metastases risk is greater 
than 20% to 30% or if there is palpable nodal dis- 
ease. 

Postoperative complications increase after prior 
radiation therapy. 
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Voice Rehabilitation 
Following Laryngectomy 


Anna M. Pou 


The larynx is the second most common site for cancer 
in the upper aerodigestive tract, of which squamous cell 
carcinoma (SCCA) is the predominant type (95%) (see 
Chapters 123 and 124). Although organ preservation 
protocols and conservation laryngeal surgeries are in use 
today, patients with advanced or recurrent SCCA of the lar- 
ynx continue to undergo total laryngectomy in the course 
of their treatment. 

The operative procedure of total laryngectomy results in 
separation of the aerodigestive tract, establishing a perma- 
nent tracheostoma at the base of the neck. The pharynx is 
closed by simply closing the mucosa or, in more complex 
cases, by placing a flap to preserve an adequate lumen for 
swallowing. Total laryngectomy profoundly alters speech, 
lung function, respiration, and sense of smell and taste. It is 
the loss of voice that is most responsible for the psychoso- 
cial and economic consequences following laryngectomy. 
Effective voice restoration is essential for the rehabilitation 
of these patients. 

Total laryngectomy includes removal of the entire lar- 
ynx, hyoid bone, portions of the pharynx, the strap mus- 
cles, one or more rings of the trachea, and part or all of the 
thyroid gland. The resection may include neck dissection, 
upper mediastinal lymph node dissection, and dissection 
of portions of the tongue base. In order to resect the larynx, 
entrance into the pharynx away from the epicenter of the 
tumor is required. The resulting defect, a pharyngotomy, 
consists of varying amounts of pharyngeal and esophageal 
mucosa, constrictor muscle remnants, and tongue base. The 
closure of this defect depends upon the amount of remain- 
ing mucosa; it is closed using continuous or interrupted 
Connell sutures in a vertical or “T” fashion. Flap reconstruc- 
tion (free fasciocutaneous flap; pectoral major flap) is used 
when there is insufficient mucosa to close the pharynx. 

The usual approach to laryngectomy separates the 
pharyngeal constrictor muscles at the oblique line of the 
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thyroid cartilage (Fig. 125.1). Specifically this includes 
the inferior pharyngeal constrictor and cricopharyngeus 
muscles. The junction of the pharynx and esophagus has 
been studied by speech pathologists as the sound source 
for alaryngeal speech and is called the “PE” segment. It 
is difficult to predict resultant voice or quality because 
of variations in anatomy, tumor extent, muscle bulk, 
and operative technique. Pharyngeal closure after laryn- 
gectomy is generally concerned with controlling secre- 
tions, swallowing, and prevention of fistula formation. In 
addition, attention has been directed to alaryngeal voice 
acquisition and the possibilities for maximizing voice 
results. 

There are three methods of alaryngeal speech: electro- 
larynx speech, esophageal speech, and tracheoesophageal 
(TE) speech. Historically speaking, esophageal speech was 
the method of choice by which all others were compared. 
In this method, air is injected into the cervical esophagus 
and immediately expelled causing the vibration of the 
opposing mucosal surfaces of the pharyngoesophagus, 
which is then articulated into speech by structures of the 
oral cavity. This method is very difficult to learn, and only 
about 26% of patients are able to use this method in daily 
communications (1). Consequently, tracheoesophageal 
puncture (TEP) has replaced esophageal speech as the gold 
standard. All methods of alaryngeal speech are taught by a 
speech pathologist. 

The characteristic esophageal voice is low in fundamen- 
tal frequency (~65 Hz), is of short duration, and requires 
some effort to produce. The most common method 
involves trapping air in the mouth or pharynx and then 
injecting it into the esophagus by the propulsive action 
of the tongue. With diaphragmatic effort, the air refluxes 
through the esophagus and crosses the upper esopha- 
geal sphincter. The mucosa of this region is vibrated by 
the released air and produces a characteristic belch-like 
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Figure 125.1 Separation of the pharyngeal constrictors from the 
larynx. E, esophagus; Ic, inferior constrictor; Mc, middle pharyn- 
geal constrictor. 


sound. This sound is then articulated into speech using 
the tongue, lips, and teeth. Rapid repetitive movements of 
injection and release produce fluent and understandable 
speech. 

The artificial larynx is an instrument that serves as a 
voicing source. It introduces a mechanical sound into the 
tissues and air spaces of the vocal tract. This sound, ema- 
nating from the mouth, is again articulated into speech by 
structures in the oral cavity. The most common types of 
electrolarynx include one that is placed against a supple 
point on the neck or one that uses a tube adapter to direct 
the sound to the oral cavity, where it can be articulated 
with some reduction in intelligibility. The oral adapter is 
useful for patients whose necks do not transmit the electri- 
cal sound or in the immediate postoperative period when 
the neck is healing. A newer device consists of an electric 
sound source that is housed in a denture and is activated 
by a hand control or by the tongue (2). 

The artificial larynx is rapidly learned and does not delay 
or interfere with the acquisition of other forms of alaryn- 
geal speech. It has the advantages of low cost, availability, 
short learning time, and loudness. Its disadvantages are 
dependence on batteries (cost often not covered by insur- 
ance), mechanical sound, conspicuous appearance, loss of 
hands-free speech, and hygiene of the intraoral tubes or 
dental appliance. It also relies on the use of batteries and 
is often not covered by insurance policies. Nevertheless, 
many laryngectomized patients use the artificial devices as 
the primary method for speech communication. 


1979 


SHUNTS AND VALVES 


From the time of the first laryngectomies, it was known that 
tracheal air during exhalation can be shunted to the phar- 
ynx or esophagus through a planned fistula or tract, and 
this pulmonary-driven insufflation can produce effective 
speech. The same principles of speech production apply 
with articulation at the oral cavity and sound produced in 
the upper esophageal sphincter. The shunts, however, per- 
sisted with problems: shunt closure due to stenosis at the 
level of the trachea or pharynx and leakage of esophageal 
contents into the trachea through the patent shunt with 
resultant aspiration. For these reasons, some investigators 
developed mechanical valves to divert the secretions from 
the trachea or attempted to devise biologic valves (sphinc- 
ters) for airway protection, but most of them failed. 

The creation of a successful, surgical voice restoration 
technique did not occur until the introduction of the TEP 
by Singer and Blom in 1979. It was proposed as a second- 
ary salvage technique for those who failed esophageal 
speech or those who were displeased with the electrolarynx 
voice (3). The guidelines used to create this revolutionary 
method for voice restoration were no oncologic compro- 
mise; applicability in an irradiated field; normal swallow- 
ing without aspiration; reliable voice; surgical simplicity; 
rapid recovery; reliability and reproducibility; inclusion of 
an uncomplicated, cost-effective prosthetic valve to pre- 
vent stenosis and aspiration; and limited cost (4). TE voice 
restoration has gained worldwide acceptance over the past 
32 years and is the preferred method of postlaryngectomy 
speech. TEP is safe, reliable, and reproducible and should 
be considered in all patients undergoing total laryngec- 
tomy and in those who have failed to master other meth- 
ods of alaryngeal speech. 

The TEP pioneered by Singer and Blom (3) is not very 
different from the self-inflicted TEP made by a laryngectomy 
patient using an ice pick in 1931. An endoscopic puncture is 
made through the party wall through which a one-way sili- 
cone valve is placed. This tubular prosthesis (silicone) main- 
tains the puncture site, protects the airway from aspiration 
of saliva and foods, and allows pulmonary air to be directed 
across the pharyngoesophageal mucosa for voice produc- 
tion. Airflow is only limited by the vital capacity of the 
lungs. The prosthesis is biologically compatible, removable, 
and inexpensive. Various modifications and improvements 
have been made on the prosthesis since 1978 (3). Other 
prostheses have also been introduced (Provox, Groningen). 


SECONDARY TRACHEOESOPHAGEAL 
PUNCTURE 


Patient Selection and Timing 


There are a few factors that guide patient selection and they 
are similar to those listed for primary TEP. The timing of 
secondary puncture depends upon the extent of resection, 
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the complexity of reconstruction, and the need for post- 
operative radiation therapy. Secondary voice restoration 
should be delayed at least 8 weeks following postoperative 
radiation therapy or until the peristomal skin has recoy- 
ered from radiation toxicity and at least 6 weeks following 
recovery from reconstruction of a total laryngopharyngo- 
esophagectomy defect in order to allow healing of the flap 
to the posterior tracheal wall. Patients undergoing flap 
reconstruction for pharyngeal defects should also undergo 
barium swallow to evaluate the reconstructive changes and 
for the presence of a stricture. The stoma is outlined with a 
radiopaque marker, and the site for the proposed puncture 
is determined in relationship to the pharyngoesophageal 
segment. Pharyngoesophageal dilatation is performed if 
necessary (5). 

Stoma size is critical to successful use of the voice pros- 
thesis. Stoma size under 2 cm is suboptimal; this small size 
makes it difficult to place the prosthesis and may compro- 
mise the airway due to the prosthesis size. If microstomia 
is present, the stoma can be serially dilated using silicone 
laryngectomy tubes, or a stomaplasty can be performed at 
the time of puncture. Patients who have undergone radia- 
tion therapy whose tissues appear to be at risk are better 
managed by the former method. If a laryngectomy tube is 
used, it can be fenestrated posteriorly and simultaneously 
worn with the prosthesis in place. When necessary, the sto- 
maplasty is performed prior to the puncture leaving the 
posterior wall intact. The stoma is enlarged using a Z-plasty 
technique on each side (5). 

In order for fluent TE speech to occur, there must be 
sufficient relaxation of the pharynx. There was a subset of 
patients (20% to 40%) identified early on who presented 
with hypertonic or spastic speech. It was determined that 
failure to maintain fluent speech was due to spasm of 
the cricopharyngeus and inferior and middle constrictor 
muscles when speech was attempted (6,7). A hypopharyn- 
geal bar corresponding to these muscles can be seen using 
barium swallow. A column of air distends the esophagus 
proximal to the bar when phonation is attempted. The sta- 
tus of the pharynx can be evaluated prior to puncture using 
the transnasal esophageal insufflation test (5). 

The transnasal esophageal insufflation test is a subjec- 
tive test that is used to assess the pharyngeal constrictor 
muscle response to esophageal distention in the laryngec- 
tomy patient (8). The test is performed using a disposable 
kit consisting of a 50-cm-long catheter and tracheostoma 
tape housing with a removable adaptor. The catheter is 
placed through the nostril until the 25-cm mark is reached. 
This should place the catheter in the cervical esophagus 
adjacent to the proposed TEP. The catheter and the adap- 
tor are taped into place. The patient is then asked to count 
from 1 to 15 and to sustain an “ah” for at least 8 seconds 
without interruption. Multiple trials are performed to 
allow the patient to produce a reliable sample. 

One of four responses is obtained following the insuf- 
flation test: fluent, sustained voice production with 


minimal effort indicating relaxed pharyngoesophageal 
muscles; a breathy, hypotonic voice indicating the absence 
of pharyngeal constrictor muscle tone; hypertonic voice 
characterized by intermittent production of effortful 
speech with gastric distension and posttrial burping; and 
spasm, which is characterized by no production of voice 
even with substantial pulmonary airflow. Insufflation test- 
ing is also done after flap reconstruction or gastric pull-up 
to determine the quality of voice (5). The voice quality is 
usually “wet” following jejunal reconstruction and hollow 
or breathy following gastric pull-up. Compression of the 
neck with an elastic band can enhance voice quality in the 
latter situation. 

Examiner error can obscure the results of the test. 
Common errors include improper placement of the cath- 
eter (not inserted 25 cm into the cervical esophagus), too 
much digital pressure exerted by the patient or examiner 
on the tracheostoma, and attempting to swallow saliva or 
inject air from the mouth into the esophagus while simul- 
taneously insufflating the esophagus. The patient errors 
can be prevented by having the patient self-monitor using 
a mirror (5). 


Surgical Procedure 


This procedure was first described by Singer and Blom in 
1979 (3) and has been modified over the years. The follow- 
ing procedure is performed in the operating room under 
general anesthesia. The Blom-Singer tracheostoma punc- 
ture kit (InHealth Technologies, Carpinteria, CA) allows 
the surgeon to perform the secondary puncture in less than 
30 minutes. Following esophagoscopy, the esophagoscope 
(surgeon’s choice) is withdrawn to the level of the stoma 
with the bevel positioned against the posterior wall of the 
trachea so that the light can be seen and the bevel pal- 
pated. The position of the esophagoscope also protects the 
posterior esophageal wall from penetration. A number 14 
sheathed catheter is introduced into the bevel of the esoph- 
agoscope about 5 mm below the mucocutaneous junc- 
tion. The needle is withdrawn leaving the sheath in place 
(Fig. 125.2). A wire on a tapered catheter is threaded through 
the sheath and pulled out of the mouth of the esophago- 
scope. The wire is cut from the end of the catheter, which 
is then directed down the scope into the esophagus. The 
catheter is secured into place at the stoma (5). This kit can 
be replaced by using a curved 18-gauge needle, a 24-gauge 
wire, red rubber catheter, number 15 scalpel blade, and 
hemostat. The prosthesis can be placed immediately, but 
most clinicians wait 48 hours. 

This technique has been modified by many clinicians 
over the years to include the use of local anesthesia, trans- 
nasal esophagoscopy (TNE), and the use of the KTP laser, 
among other methods (9-12). In patients who present with 
a stricture, fibrosis of the neck tissues following radiation 
therapy, or cervical spine deformity, it is often impossible 
to perform a secondary TEP using a rigid esophagoscope. 
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Figure 125.2 Endoscopic voice restoration (TEP). 


Many surgeons have developed their own techniques for 
dealing with this problem, but the most common way to 
deal with this now is using flexible esophagoscopy in the 
office under local anesthesia (11,12). In a study performed 
by LeBert et al. (11), the overall success rate of TNE-assisted 
TEP was 97%. Only 1/39 patient attempts was unsuccess- 
ful. Regarding previous radiation therapy, myotomy, and 
type of reconstruction, there was no statistically significant 
difference among patients regarding difficulty with place- 
ment of prosthesis, development of complications, use of 
TEP prosthesis, or speech intelligibility. 

The method of TNE-assisted TEP is described below. 
Pontocaine and Neo-Synephrine are sprayed into the more 
patent nare. Up to 1.0 mL of 1% lidocaine with 1:100,000 
epinephrine is injected into the posterior tracheal wall at 
the intended TEP site. Pledgets soaked with 4% lidocaine 
or 2% lidocaine jelly are placed in the nasal cavity. The TNE 
scope is also coated with 2% lidocaine jelly. The TNE scope 
is advanced through the nasopharynx and oropharynx 
into the hypopharynx to reach the upper esophageal inlet. 
The anatomic subsites are evaluated for abnormal func- 
tion and masses. The patient is then asked to swallow to 
assist with advancement of the scope into the esophagus. 
Flexible esophagoscopy to the limits of the lower esopha- 
geal sphincter is then performed under direct visualization, 
maintaining the view by air insufflation as needed. The 
exam is visualized using the video monitor. The endoscope 
is withdrawn until the light at the tip of the scope transil- 
luminates the site of puncture of the anterior esophageal 
wall. This site is then confirmed by visualization of the 
indentation of the posterior tracheal wall by ballottement. 
A number 11 blade is used to incise the posterior tracheal 
wall. The esophageal wall is entered under direct visualiza- 
tion. A hemostat is used to dilate the puncture site. A dila- 
tor is introduced into the new TEP site and then removed. 
The prosthesis can be immediately placed if desired or 
the puncture site can be stented open with a 16-French 
red rubber catheter until the prosthesis is placed. If there 


is difficulty transilluminating the TEP site due to a bulky 
flap or scar tissue, this technique can be modified using the 
Seldinger guide wire technique (11). 


PRIMARY VOICE RESTORATION 


Selection Criteria 


Maves and Lingeman (13) and Hamaker et al. (14) were 
the first to introduce TEP as a primary technique at the 
time of laryngectomy. Primary voice restoration developed 
from the concepts of secondary voice restoration. The only 
absolute contraindication to primary voice restoration is 
separation of the party wall at the puncture site. This occurs 
if the surgeon inadvertently separates the party wall or 
when a patient undergoes a total laryngopharyngoesopha- 
gectomy with gastric pull-up. If a puncture is performed 
following separation of the party wall, abscess formation, 
sloughing of the posterior tracheal wall, and possibly 
mediastinitis can occur. 

Relative contraindications to primary (and second- 
ary) TEP include the complexity of the reconstruc- 
tion and the patient’s inability to use and care for the 
prosthesis due to impaired mental status or decrease 
in manual dexterity due to age, arthritis, or neurologic 
insult/disease. With the introduction of the indwell- 
ing prosthesis and the hands-free valve, most of these 
obstacles have become manageable with the assistance 
of a care taker. Bilateral severe sensorineural hearing loss 
and limited pulmonary function are also relative con- 
traindications to primary TEP due to the fact that the 
patient cannot hear the TE voice and limited pulmonary 
air restricts the fluency and volume of speech, respec- 
tively (15). Preoperative radiation therapy or the need 
for postoperative radiation therapy is not a contraindi- 
cation for this procedure (14-16). Studies have shown 
that there is no difference in complication rates between 
these groups of patients (15,17). In addition, the rate of 
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pharyngocutaneous fistula, wound breakdown, stomal 
stenosis, and esophageal stenosis are similar to those 
reported in patients undergoing total laryngectomy 
without primary TEP (17). 

If a patient is indecisive regarding primary TEP, a punc- 
ture can be performed and then allowed to close if the 
patient does not wish TE speech. This allows the use of 
the catheter for feeding until the pharyngeal closure is 
healed. This obviates the need for placement of a naso- 
gastric tube (NGT) through the fresh pharyngeal closure, 
which may reduce the pharyngocutaneous fistula rate 
(17). When undecided preoperatively, the patient often 
commits to this form of alaryngeal speech in the immedi- 
ate postoperative period after he/she understands stoma 
care and has had time to psychologically adjust to laryn- 
gectomy. 

Primary TEP is felt to be safer than secondary TEP in 
the fact that there is less risk of mediastinal dissection and 
posterior esophageal perforation and there is elimination 
of an additional anesthesia (17). 


Surgical Technique 


The technique for primary voice restoration includes five 
basic steps, which are to be done in an ordered sequence to 
provide success without complication. These steps include 
incision (laryngectomy), followed by tracheostoma con- 
struction, TEP, unilateral pharyngeal constrictor myotomy 
or pharyngeal plexus neurectomy and buttressing the TE 
party wall (14). 


Tracheostoma Construction 

Following laryngectomy, the stoma is constructed. The 
optimal tracheal diameter is 3 cm or greater in order to 
prevent stenosis. The midline inferior skin flap is sewn 
to the midline anterior tracheal ring using half vertical 
mattress sutures, which allow coverage of the cartilage. 
Interrupted sutures are placed at 5-mm intervals on either 
side of the midline, pulling the trachea laterally. This cre- 
ates a straight, horizontal membranous trachea, which 
is sewn to the superior skin flap. If the trachea is smaller 
than 3.0 cm, a stomaplasty is performed (14). The trachea 
is incised bilaterally for a vertical distance of 1 cm (two 
tracheal rings in length) between the midline and the most 
posterolateral aspect. An “X” is drawn in the midline of the 
inferior skin flap at the proposed stoma site. The skin and 
subcutaneous tissues of the superior and inferior areas of 
the “X” incision are discarded. The lateral triangles of skin 
are sewn into the apex of the lateral tracheal ring incisions 
causing the trachea to enlarge (5). 


Tracheoesophageal Puncture 

The TEP is then performed using a ruler, right-angled 
clamp, and a number 15 scalpel blade. The puncture is 
made 1.0 to 1.5 cm below the posterior cut edge of the 
stoma. A right-angled hemostat is placed in the esophagus 
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Figure 125.3 Primary placement of the TEP viathe pharyngotomy. 


through the pharyngotomy and pushed against the pos- 
terior tracheal wall. A 4-mm horizontal incision is made 
over the tip of the hemostat and the hemostat is pushed 
into the tracheal lumen (Fig. 125.3). The jaws of the 
hemostat are opened and a number 16-French Silastic 
Foley catheter is grasped and pulled through the party 
wall and fed down into the esophagus. Care should be 
taken at this step to ensure that the catheter is firmly 
grasped by the hemostat so that it does not slip while it is 
being pulled through the party wall. The catheter is sewn 
to the superior skin flap after the skin is closed and can be 
used to feed the patient in the immediate postoperative 
period (5,14). 

Alternatively, the prosthesis can be primarily placed and 
the patient fed through a NGT. This is popular in Europe 
but has not gained wide acceptance in the United States. 
When using this method, after the red rubber catheter is 
pulled through the puncture into the esophagus, a prosthe- 
sis is attached to the catheter using a silk suture and pulled 
through the esophagus to the puncture site. The tab and 
tracheal flange are delivered through the puncture tract to 
the tracheal side. 

The advantages of primary placement include no longer 
requiring a separate consultation for prosthesis placement; 
the prosthesis being more stable than the catheter and tak- 
ing up less space, which allows for easier stoma care and 
placement of a laryngectomy tube; and the low profile of 
the prosthesis on the esophageal side that also allows for 
placement of a Montgomery bypass salivary stent. The only 
significant disadvantage is the need for an NGT or percuta- 
neous gastrostomy (PEG) for feeding (18). 
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Pharyngeal Constrictor Myotomy 

As mentioned previously, management of the pharyngeal 
constrictor muscles to prevent pharyngeal spasm is key to 
successful TE speech. The most reliable method for pre- 
venting spasm, if done properly, is a pharyngeal constrictor 
myotomy. The pharynx is rolled over a tubular structure, 
most often a finger, and the muscles are incised vertically 
in the posterior midline of the pharynx from the level of 
the puncture to the tongue base. The muscles are cut to the 
level of the submucosa. If bleeding occurs, careful use of 
bipolar cautery is recommended. If an inadvertent pharyn- 
gotomy is made, the mucosa is repaired at this time. If flap 
reconstruction of the pharynx is performed, the segment of 
muscle from the puncture site to the inferior flap is myoto- 
mized (5,14). 

An alternative method that can be performed to prevent 
pharyngeal spasm is a unilateral pharyngeal plexus neurec- 
tomy (Fig. 125.4) (19). After laryngectomy, the pharyngeal 
muscles lay medially at the level of the superior thyroid 
artery. The plexus is found within the middle constrictor 
muscle. A nerve stimulator is used to identify three to five 
nerve branches by eliciting muscle contraction. The nerve 
branches are then cut and coagulated. If poor muscle con- 
traction is seen following stimulation, this method is aban- 
doned, and a myotomy is performed. This method is also 
useful when the pharynx is already closed and a myotomy 
was inadvertently not performed. 


Buttressing of the TE Party Wall 

The party wall usually separates about 3 to 5 mm above 
the site of the puncture. The party wall is buttressed using 
interrupted sutures of 3-0 chromic or 4-0 Vicryl, which 
obliterates this space. This prevents the collection of saliva 
in this area if a fistula develops and helps to maintain the 
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integrity of the posterior stoma. If separation of the party 
wall extends below the area of the planned puncture, 
then the puncture is delayed as this can lead to pocket 
formation with abscess and loss of the posterior tracheal 
wall (5,14). 

The voice prosthesis can be placed at the time of primary 
TEP as mentioned above until anytime after the patient is 
taking per oral feeds. Voicing, however, is delayed until 
2 weeks postoperatively in order to allow the hypopharyn- 
geal closure to heal. Voicing prior to this time may place 
too much air pressure on the new closure, disrupting the 
suture line. If the patient is discharged from the hospital 
with the Foley catheter in place, the balloon is filled with 
2 mL of normal saline to prevent accidental dislodgement of 
the catheter from the puncture site (15). The patient is also 
given varying sizes of red rubber catheters and instructed on 
how to replace the catheter if it becomes dislodged. 

Primary TEP results in development of successful TE 
speech in 50% to 93% of patients depending on patient 
selection criteria and the use of an indwelling prosthesis 
(14-,20). During postoperative radiation therapy, voicing 
may become interrupted due to mucositis or the patient's 
inability to occlude the stoma due to pain. Although not used, 
the prosthesis may remain in place during this time (14). 

Despite an overall excellent success rate, some clinicians 
are still hesitant to perform primary TEPs based on lack 
of experience and fear of complications. Previous radiation 
therapy and flap reconstruction, as long as the party wall 
is not separated, are not contraindications to primary TEP; 
however, these two variables most commonly dissuade sur- 
geons. When not performed primarily, TEP is rarely done 
as a secondary procedure likely due to patients’ bias toward 
their initial form of speech and their reluctance to undergo 
another surgical procedure (17). 


Hypoglossal n. 


Figure 125.4 Surgical anatomy of the pharyngeal 
plexus during laryngectomy. 
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TREATMENT OF PHARYNGEAL 
CONSTRICTOR SPASM 


Hypertonicity or spastic TE speech occurs when the esoph- 
agus extends with air on attempted phonation and the PE 
segment (cricopharyngeus, inferior and middle constrictor 
muscles) fails to relax to permit airflow for voicing. When 
the insufflation test reveals hypertonic or spastic speech 
or the patient fails the “open track” test following pri- 
mary TEP, this must be addressed to obtain fluent speech. 
It was thought by some that a nonmuscle closure of the 
pharynx could prevent spasm, but this did not prove to be 
true over time (21). Injection of Botox toxin A has been 
found to be effective in treating spasm. It can be injected 
under electromyographic guidance or fluoroscopy into the 
pharyngeal constrictor muscles as chemical denervation 
of these muscles (22-25). Its effect usually occurs within 
72 hours after injection and may require repeated injections 
approximately every 6 months. Open secondary pharyn- 
geal constrictor myotomy, with its associated complication 
of fistula, and pharyngeal plexus neurectomy have essen- 
tially been replaced with Botox A injections to the PE seg- 
ment. Recurrent tumor, pharyngeal stenosis, and fibrosis of 
the tissues should be identified as these patients will not 
benefit from this procedure. 

When pharyngoesophageal spasm is suspected, it can 
be confirmed by anesthetic block of the pharyngeal plexus. 
The most effective method for analysis combines radio- 
graphic assessment with a plexus block. The patient is eval- 
uated by videofluoroscopy using barium; the lateral view is 
preferred. An at-rest view is first obtained to rule out stric- 
ture, fistula tract, or persistent neoplasm. Several views dur- 
ing voicing are taken. Fluoroscopic visualization reveals a 
pronounced, transient, posterior pharyngeal muscle mass 
that protrudes into the lumen and restricts the egress of air. 
This is seen in the retropharyngeal radiographic plane as a 
bar (Fig. 125.5) (22). 

The study is followed by the pharyngeal plexus block 
with local anesthesia (150 to 200 mg of 2% lidocaine with- 
out epinephrine). The neck skin is entered at the level of 
C2 to C3 immediately parapharyngeal and medial to the 
carotid sheath. The lidocaine is injected with a 23-gauge 
needle placed at the level of the prevertebral fascia. After 
3 to 5 minutes, the patient is instructed to attempt voic- 
ing. The anesthetic can temporarily inhibit reflex tonicity 
resulting in fluent speech. The voicing dynamics are now 
analyzed by fluoroscopy. The typical appearance shows a 
reduction in the mass of the constrictor muscles, includ- 
ing the axial length, which is documented by radiographic 
examination. This indicates that the use of botulinum 
toxin A will most likely be successful in treating pharyn- 
goesophageal spasm. Hamaker and Blom (22) reported a 
success rate of 79% following one injection of 100 units 
of Botox A under EMG and fluoroscopic guidance into 
the posterior pharyngeal “bar” seen with phonation. 
The patient undergoes preinjection videofluoroscopy to 


Figure 125.5 Lateral radiograph demonstrating the constrictor 
mass during esophageal distention. (Reprinted from Singer MI, 
Blom ED. A selective myotomy for voice restoration after total lar- 
yngectomy. Arch Otolaryngol 1981;107:670-673, with permission.) 


identify the area of spasm. The patient is asked to phonate 
and the area of spasm is marked. In addition, the area 1 cm 
above and 1 cm below the level of the spasm is marked in 
order to include all the muscles. EMG guidance is also used 
when injecting the Botox (the patient is asked to swallow 
and/or phonate to confirm the area). Fifty-five percent of 
these patients had fluent speech for more than 6 months. 
Following a second and/or third injection with Botox A, 
66% of patients required no further treatment without 
relapse. It has been postulated that the sustained effects of 
Botox is related to the degree of surgical and/or radiation 
damage of the neuromuscular junction preventing regen- 
eration. Other studies using slightly different techniques 
reported 88% and 87% success rates following subsequent 
injections with Botox, which were sustained (24,25). 


COMPLICATIONS 


The most common complications encountered following 
primary and secondary TEP include loss of the puncture 
site by dislodgment of the catheter placed at the time of 
puncture or partial or complete extrusion of the prosthe- 
sis, migration of the puncture site, formation of granula- 
tion tissue, aspiration of the prosthesis, cellulitis, stomal 
stenosis, and pharyngoesophageal stenosis (15,26-28). 
Sternoclavicular arthritis and manual pressure necrosis 
have also been reported (29). Violation of the posterior 
esophageal wall, passage of the catheter through a false pas- 
sage, and esophageal perforation are unique to secondary 
TEP and can result in deep neck space infections, epidural 
abscess, vertebral osteomyelitis, and mediastinitis (28). 
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TABLE 
C | COMPLICATIONS 


125.1 


Epidural abscess or vertebral osteomyelitis secondary to violation 
of posterior esophageal wall during secondary TEP 

Mediastinitis secondary to dissection of party wall 

Loss of the puncture site by dislodgment of the catheter placed at 
the time of puncture 

Partial or complete extrusion of the prosthesis 

Migration of the puncture site 

Formation of granulation tissue 

Stomal or pharyngoesophageal stenosis 

TEP enlargement 

Aspiration of saliva and foods through puncture site 


An important local complication is enlargement of the 
puncture site relative to the size of the prosthesis resulting in 
leakage around the prosthesis and aspiration of foods and 
saliva (Table 125.1). The most common causes of enlarge- 
ment of the puncture site are repeated trauma due to chang- 
ing the prosthesis or thinning of the party wall. Recurrent 
tumor should always be considered as a cause. There are 
many ways in which to manage this problem. One way is 
to remove the prosthesis and place a red rubber catheter 
through which the patient can be fed and the fistula can 
contract around. Other ways include cautery of the edges, 
surgical closure, local flaps placed between the trachea and 
esophagus, and more recently the injection of biomaterials 
(collagen, Cymetra, Bioplastique) around the site to reduce 
its size and to stop leakage (28,30). Silicone “washers” can 
be placed behind the prosthesis against the posterior tra- 
cheal wall to increase the thickness of the party wall. 

Reflux-associated morbidity includes prosthesis ero- 
sion, leakage, and granulation tissue formation, but reflux 
does not appear to effect intelligibility and overall qual- 
ity of TE speech (31). Previous radiation (32,33), diabetes 
mellitus, chronic obstructive pulmonary disease, alcohol- 
ism, and extended laryngectomy have not been found to 
be significant risk factors for complications (34). 


POSTOPERATIVE REHABILITATION 


Postoperative TE voice rehabilitation is usually taught by 
a speech and language pathologist. There are three basic 
treatment goals following TEP. The first is to dilate and 
measure the puncture followed by placement of the pros- 
thesis, the second is to instruct the patient and family in 
routine care of the prosthesis, and the third is to instruct 
the patient in finger occlusion of the tracheostoma and to 
apply and use a tracheostomal valve (35). 

Briefly, the puncture must be dilated to the appropriate 
size to accommodate the prosthesis (e.g., 22 French for a 
20-French prosthesis). A measuring device is then placed 
into the puncture and slowly withdrawn until the retention 
collar sits against the inner surface of the esophageal wall 
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Figure 125.6 Fitting distance from the posterior trachea to the 
anterior esophagus. 


and the length of the prosthesis is measured (Fig. 125.6). 
If the length lies between sizes, the longer size is chosen to 
prevent underfitting, which can cause the puncture to heal 
from behind. 

The type of prosthesis to be used is chosen. The duck- 
bill and low-pressure prostheses (Figs. 125.7 and 125.8) 
are removable prostheses, which the patient learns to 
clean and replace into the puncture. The indwelling low- 
pressure prosthesis is placed and removed by the physi- 
cian or speech and language pathologist. The indwelling 
prosthesis is used in patients who cannot or prefer not to 
use the removable prosthesis. The life of any prosthesis in 


Duckbill voice 
prosthesis 


Figure 125.7 Duckbill (slit-valve) voice prosthesis. 
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Low pressure _ 
voice prosthesis 


Figure 125.8 Voice prosthesis in place in the TEP. 


general is about 3 to G6 months. It is the colonization of 
yeast (more common in indwelling prosthesis) that usu- 
ally destroys the integrity of the valve, which causes leak- 
age of saliva and foods and decreases the life expectancy 
of the prosthesis (14,15). A prescription for oral nystatin 
should be given to all patients for daily use to prevent yeast 
colonization, or the newly available pretreated prosthe- 
sis can be used. Prior to placing the voice prosthesis, an 
“open tract” test is performed. The patient is asked to voice 
without prosthesis in place. Poor voicing is either due to 
pharyngeal constrictor spasm or excessive finger pressure 
occlusion of the stoma. 

The next steps include patient and family education 
regarding care of the prosthesis and patient instruction 
regarding finger occlusion of the prosthesis. It is usually 
necessary to assist the patient with accurate occlusion of 
the stoma at the initial visit while the patient watches in 
the mirror. About six sessions are required for the average 
patient to master removal, cleaning, and reinsertion of the 
standard voice prosthesis. For those patients who find fin- 
ger occlusion unacceptable, a hands-free valve can be used. 


PREDICTORS OF SUCCESSFUL 
TRACHEOESOPHAGEAL SPEECH 


TE speech is closer to laryngeal speech than esophageal 
speech because its air supply is pulmonary; voice param- 
eters including fundamental frequency, jitter, shimmer, 
words per minute, and maximum phonation time are 
closer to laryngeal speech. 

Many variables have been studied by various clinicians 
in order to predict those patients who will achieve 


successful TE speech with primary or secondary puncture 
(17,33,34,36). The results of these studies have varied, 
although age, sex, and tumor size/stage appear to have 
no influence. Ethanol abuse and lack of transportation to 
follow-up visits correlated well with TE speech failure in 
some studies, but were not significant in others (17,36). 
However, many clinicians can anecdotally report alco- 
hol abuse as a contributor to rehabilitation failure. In a 
study by Cantu et al. (36), 36 patients undergoing either 
primary or secondary TEP were evaluated for long-term 
success and predictors of successful TE speech. Nearly 
two-thirds had successful communication at an aver- 
age of 4 years postpuncture. For the remaining patients 
who were judged as unsuccessful, reduced vision, lim- 
ited hand and arm movement, and history of radiation 
therapy (but not timing of radiation therapy) were found 
to be significant. However, there were patients with good 
vision and hand coordination who did not develop good 
speech and those with previous radiation therapy who 
did develop successful speech. In a 16-year retrospective 
outcomes analysis of primary and secondary TEPs, nei- 
ther pre- nor postoperative radiotherapy had any effect 
on voice restoration or complications (33). Therefore, the 
presence of these factors does not necessarily predict lack 
of success. The introduction of the indwelling prosthe- 
sis has reduced the problems associated with decreased 
function. 

A study by Bozec et al. (37) evaluated patients using 
prosthetic voice restoration for clinical factors that corre- 
lated with functional outcomes. One hundred and three 
patients who underwent total laryngectomy or pharyn- 
golaryngectomy were evaluated regarding speech and 
swallowing. Eighty-two percent of patients had success- 
ful voice rehabilitation. Hypopharyngeal tumors, circular 
laryngopharyngectomies, and the use of pectoralis major 
myocutaneous flaps were associated with the placement of 
a secondary TEP, and the only factor that correlated with 
speech failure was a high level of comorbidity (American 
Association of Anesthesiologist (ASA) score greater than 
or equal to 3). It is thought that reduced vital lung capac- 
ity, neurologic disabilities altering hand coordination, 
decreased motivation, chronic asthenia, and dyspnea, 
which are frequent in patients with severe comorbidities, 
could be the possible causes of unsuccessful vocal reha- 
bilitation. Decreased life of the prosthesis was seen with 
flap reconstruction, which could be explained by decreased 
pharyngeal motility with food stasis around the valve 
resulting in more Candida colonization. 

The timing of TEP does not appear to appear the influ- 
ence communication effectiveness and the absence of 
pharyngeal stricture was the only significant predictor of 
good to excellent speech results in secondary TEP (34). In 
another study, it was found that 77.8% of patients under- 
going primary TEP achieved excellent voice quality and 
78.4% of these patients consistently used TE speech, while 
only 50% of those undergoing secondary TEP achieved 
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excellent voice quality and only 70.6% consistently used 
TE speech (33). Primary TEP may be preferable in view of 
superior voice quality, a shorter period of aphonia, and 
the fact that there is no need for a second procedure for 
voice restoration (33). In addition, primary TEP precludes 
major complications in the visceral compartment. As 
one can see, there are variable results found in multiple 
studies, which can make predicting success of TE speech 
challenging. 


VOICE QUALITY 


Preoperative and postoperative evaluation by a speech and 
language pathologist is vital to successful TE speech. The 
goal of voice restoration is to provide fluent, effortless, and 
intelligible speech. The patients should understand that 
voice quality cannot be controlled. 

TE speech does generally improve over time and its use 
does not preclude the use of other methods of alaryngeal 
speech. 

TE voice quality is usually harsh and often loses its 
sexual characterization (38). However, patients under- 
going total laryngectomy already have varying degrees 
of dysphonia, and voice should be compared to the pre- 
operative voice quality. In a study by Cantu et al. (36), 
one-third of patients or their significant others judged 
the success of their TE speech at a lower level than that 
of the primary investigator. This indicates that the cli- 
nician and patient may be using different standards of 
success; the patient and significant other may be using 
an “idealized” voice standard that cannot be produced 
using TEP. The patients should realize that there is a 
learning curve associated with TE speech and it gener- 
ally improves over time (27). In addition, a function- 
ally rehabilitated TE prosthesis user may find it easier to 
switch to esophageal speech (27). Acoustic analysis of TE 
speech has been compared to laryngeal, esophageal, and 
electrolarynx speech by many (39-41). The fundamental 
frequency, intensity, and rate of TE speech approximate 
that of normal speech. In a study by Robbins et al. (42), 
esophageal and TE speakers were analyzed for intensity, 
frequency, and rate of speech production. TE speech was 
found to be more similar to laryngeal speech than esoph- 
ageal speech. When compared to esophageal speech, it 
gives superior voice quality in reference to volume and 
phrase length and is much easier to learn. Also, the rate 
of speech is faster and the intelligibility is superior to 
that acquired using the artificial larynx or esophageal 
speech (41,43,44). However, in the presence of noise, 
there is a lower rate of listener intelligibility of TE speech 
compared to laryngeal speech (40). 

The prevention of pharyngeal spasm is paramount to 
the production of successful TE speech as mentioned previ- 
ously. Acoustic analysis of TE speech was studied following 
three different surgical methods used to address the phar- 
ynx: pharyngeal plexus neurectomy, pharyngeal constrictor 
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myotomy, and unilateral pharyngeal plexus neurectomy 
with a drainage myotomy limited to the cricopharyngeus. 
Patients undergoing pharyngeal plexus neurectomy had 
the highest fundamental frequency, which may be due to 
the residual resting tone in the pharyngoesophageal seg- 
ment (39). Management of the pharynx with neurectomy 
may be desirable in women undergoing laryngectomy with 
voice restoration. 

TE speech has been rated the most desirable form of 
alaryngeal speech by both speech pathologist and patients 
(45) and is the preferred method of alaryngeal speech by 
naive listeners (41). 

In a study by Gerwin and Culton (46), greater than 80% 
of laryngectomy patients (n = 16) reported a good qual- 
ity of life satisfaction with TE speech using the University 
of Washington Quality of Life Scale and Functional 
Assessment of Cancer Therapy. 


EMERGENCIES 


Two urgent conditions may result for prosthesis users and 
should be attended to without delay. For patients who rou- 
tinely change their prostheses, the inability to insert the tip 
of the prosthesis and collar into the lumen of the esoph- 
agus may occur, which results initially in increased voice 
resistance and, in some cases, complete loss of voice. The 
TEP tract will close over time from inside out, and it will 
be impossible after 24 to 48 hours to reenter the lumen. 
If this occurs, the TEP can be serially dilated with plastic 
catheters ranging from 10F to 18F and then stented with 
a flexible catheter for several hours before the voice pros- 
thesis is replaced. Laryngeal and urethral dilators are also 
an effective instrument for TEP dilatation. Dilatation must 
be performed with as little resistance as possible because 
it is possible to dissect into the TE party wall and enter the 
anterior mediastinum. 

The second urgent condition is aspiration of the voice 
prosthesis. This condition usually occurs when patients 
attempt to replace the device in the TEP and a cough is 
stimulated. The most common location for device impac- 
tion is at the level of the upper right mainstem bronchus 
and carina. This usually is well tolerated, but an uncom- 
fortable dyspnea is present. Furthermore, if the TEP is 
not stented with a red rubber catheter, tracheal aspira- 
tion of saliva may occur. Should aspiration of the pros- 
thesis occur, the patient should first securely stent the 
puncture and then attempt to bend over as far as possi- 
ble and cough out the prosthesis. In the event of failure, 
the patient should go to an emergency medical facility 
as soon as possible. The size of the prosthesis prevents it 
from occluding the airway. The most efficient method for 
prosthesis retrieval is to use topical anesthesia and flexible 
bronchoscope with grasping forceps. After removing the 
foreign body, the TEP can be replaced. The patient may 
require additional training regarding removal and reinser- 
tion of the prosthesis. 
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Alaryngeal voice restoration can be attained with the 
use of an electrolarynx speech, esophageal speech, 
and TE speech. 

TE speech is more acoustically similar to normal 
laryngeal speech and more intelligible than stan- 
dard esophageal speech. 

Restoration of the voice after total laryngectomy 
must not compromise the established principles of 
surgical oncology. 

TE speech dysfluency may be the result of pha- 
ryngeal constrictor tonicity, excessive resistance to 
airflow by a prosthesis with high-resistance charac- 
teristics, or tissue changes related to edema, fibrosis, 
or recurrent disease. 

There are no absolute contraindications to second- 
ary TEP. 

The only absolute contraindication to primary 
TEP is separation of the party wall. Separation of 
the party wall below the puncture site can lead to 
abscess formation, necrosis of the posterior tracheal 
wall, and possibly mediastinitis. 

Relative contraindications to primary and secondary 
TEP include the patient’s inability to use and care 
for the prosthesis due to impaired mental status or 
decrease in manual dexterity, bilateral severe sen- 
sorineural hearing loss (patient cannot hear the TE 
voice), and limited pulmonary function (restricts 
the fluency and volume of speech). 

It is imperative that the puncture is through the 
party wall to prevent mediastinal dissection with the 
catheter resulting in mediastinitis. 

Radiation therapy is not a contraindication for TEP. 
Botulinum toxin A injections can be used to treat 
hypertonic or spastic TE speech. 

Secondary voice restoration can be performed using 
the TNE scope under local anesthesia in the office 
setting. It is especially useful in patients with esopha- 
geal strictures, fibrosis of the neck due to surgery, and 
radiation and cervical spine deformity causing rigid 
esophagoscopy to be challenging if not impossible. 
Pharyngeal constrictor myotomy or pharyngeal 
plexus neurectomy at the time of laryngectomy are 
paramount to attaining fluent TE speech. 
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Tracheal Tumors 


Kevin L. Potts 


Tracheal neoplasms are rare, accounting for only 1% of all 
malignancies (1), but the impact on the individual is gen- 
erally severe (2-4). With regard to incidence, these tumors 
may also be underreported, incompletely diagnosed, and 
undertreated because of the rarity, lack of mandatory reg- 
istration, limited surgical experience, and the relative spo- 
radic nature of the lesions (4). The most common tumors 
are classified as benign, primary malignant and secondary 
malignant in Table 126.1. Because these tumors occupy 
the main airway conduit, as they enlarge, the impact and 
potential fatality increase. Stridor, hemoptysis, and short- 
ness of air are the most common symptoms, and many 
patients present in need of acute airway management. 
Injudicious airway management may precipitate airway 
obstruction and/or potentially interfere with subsequent 
definitive surgical management (4,5). 


History 


Tracheal tumors tend to cause progressive symptoms over 
several months to years due to their slow-growing nature 
often causing accurate diagnosis to be delayed (6). Gaissert 
et al. (7) reviewed 270 cases of squamous cell and adenoid 
cystic carcinoma of the trachea and carina, and the mean 
duration of symptoms was 12.2 months. The duration of 
symptoms was longer in adenoid cystic carcinoma and 
in tumors that were deemed to be unresectable (resected 
adenoid cystic carcinoma 18.3 months, resected squamous 
cell carcinoma 4.54 months, unresectable adenoid cystic 
carcinoma 23.7 months, unresectable squamous cell carci- 
noma 7.58 months, P < 0.0001) (6). 

Symptoms at presentation depend largely on extent of 
airway obstruction and tumor type, but not location within 
the tracheobronchial tree (8). Dyspnea with exertion or 
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phonation is the primary symptom when the tumor has 
caused significant airway obstruction. If lesions are ulcer- 
ative and mucosal irritation is severe, chronic cough and 
hemoptysis are common. Wheezing, stridor, hoarseness, 
difficulty clearing secretions, and frequent respiratory 
infections are also encountered. 

Presentation may vary with tumor type with hemopty- 
sis being the main symptom in patients with squamous 
cell carcinoma, and wheezing and dyspnea predominate 
in those with adenoid cystic carcinoma (Table 126.2) (9). 
Wheezing is often misdiagnosed as “asthma” and is refrac- 
tory to bronchodilator therapy. Prolonged use of systemic 
corticosteroids is common, and patients may even be sec- 
ondarily cushingoid at presentation (10). 


Imaging 


Imaging studies that are most frequently employed are CT 
scan with contrast and in some instances PET-CT. CT with 
contrast allows for adequate multiplanar imaging of the 
airway from hyoid to segmental bronchi. CT can be fur- 
ther exploited to derive three-dimensional images allow- 
ing for “virtual endoscopy.” It is useful in the identification 
of involvement of mediastinal soft tissues, esophagus, 
and vasculature. It is additionally helpful in demonstrat- 
ing coexisting pulmonary metastatic disease. PET-CT may 
be useful in distinguishing more aggressive pathology and 
may be more sensitive in the detection of paratracheal 
and mediastinal nodal involvement. MRI scanning may 
be useful in the examination of the cervical trachea, but 
mediastinal and thoracic structures may be significantly be 
distorted by motion artifact due to respiratory and circula- 
tory movement (11-13). Figure 126.1A and B represent a 
demonstration of a high tracheal adenoid cystic carcinoma 
in both the axial and coronal planes. 


TABLE 
126.1 PATHOLOGY OF TRACHEAL TUMORS 


Primary Tumor Tumor Type 
Epithelial (benign) Papilloma 
Adenoma 


Myoepithelial tumor 
Pleomorphic adenoma 
Oncocytoma 
Squamous cell carcinoma 
Adenoid cystic carcinoma 
Adenocarcinoma 
Mucoepidermoid carcinoma 
Large cell undifferentiated carcinoma 
Carcinoma ex-pleomorphic adenoma 
Neuroendocrine tumors: 
Typical and atypical carcinoids 
Large cell neuroendocrine tumor 
Small cell carcinoma 
Lipoma 
Neurofibroma 
Fibroma 
Pyogenic granuloma 
Plexiform neurofibroma 
Benign fibrous histiocytoma 
Hemangioma 
Hemangiopericytoma 
Chondroma 
Leiomyoma 
Chondroblastoma 
Granular cell tumor 
Plasmacytoma 
Paraganglioma 
Schwannoma 
Glomus tumor 
Mesenchymal (malignant) Chondrosarcoma 
Malignant melanoma 
Malignant lymphoma 
Leiomyosarcoma 
Spindle cell sarcoma 
Malignant fibrous histiocytoma 
Carcinosarcoma 
Rhabdomyosarcoma 


Epithelial (malignant) 


Mesenchymal (benign) 


Secondary Tumor 
Local invasion 


Tumor Type 

Thyroid carcinoma 
Lung carcinoma 
Esophageal carcinoma 
Renal cell carcinoma 
Colon carcinoma 
Breast carcinoma 
Metastatic melanoma 


Metastatic 


INITIAL AIRWAY MANAGEMENT 


For tracheal tumors, bronchoscopy is the mainstay of 
initial airway management and diagnosis. If the airway 
is stable at presentation, elective bronchoscopy can be 
arranged. However, in patients with acute airway compro- 
mise, urgent bronchoscopy may be needed to stabilize the 
airway. Bronchoscopy allows accurate estimation of the 
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PRESENTING SYMPTOMS IN 270 
PATIENTS WITH PRIMARY TRACHEAL 
CARCINOMA 


TABLE 


126.2 


Symptoms (%) Adenoid Cystic Squamous Cell 


Dyspnea 65 50 
Cough 55 52 
Hemoptysis 29 60 
Wheeze 44 27 
Stridor 21 27 
Hoarseness 10 13 
Dysphagia 7 7 
Fever 7 4 
Other 12 14 


Gaissert HA, Grillo H, Mathisen D, et al. Long-term survival after 
resection of primary adenoid cystic and squamous cell carcinoma of 
the trachea and carina. Ann Thorac Surg 2004;78:1889-1897. 


extent of airway pathology and airway obstruction. The 
exact tumor location, length of tracheal involvement, and 
its proximity to key anatomical structures can be deter- 
mined. Tissue diagnosis is obtained during initial bron- 
choscopy, and margin mapping can be performed to help 
with treatment planning. For proximal tracheal tumors, 
rigid bronchoscopy is preferred over flexible bronchoscopy 
due to its ability to ventilate during the evaluation. Flexible 
bronchoscopy can provide additional information con- 
cerning the more distal airways. 

Patients are sometimes able to tolerate significant 
obstruction (75% or more), but can decompensate rapidly 
with increased secretions or inflammation. In the event 
of an urgent airway, endotracheal intubation may not be 
feasible and could cause tumor dislodgement with subse- 
quent complete airway obstruction. In this setting, rigid 
bronchoscopy can help stabilize the airway by dilating the 
stenotic segment, and tumor debulking can be performed. 
Flexible bronchoscopy alone can be dangerous, potentially 
causing edema and bleeding, which can precipitate com- 
plete airway obstruction. A rigid bronchoscope has the 
ability to tamponade bleeding while bypassing the site of 
obstruction for ventilation. 

Emergency intervention via a surgical airway could 
prove troublesome depending on tumor location. 
Injudicious tracheotomy may transgress a lesion or make 
subsequent tracheal resection and reconstruction more 
difficult. If tracheotomy can be safely accomplished distal 
to the lesion, it may be warranted if the tumor is unresect- 
able or patient comorbidities preclude definitive surgical 
management. 

Finally, in addition to stabilizing the airway, thera- 
peutic bronchoscopy can prepare and optimize a patient 
for airway surgery (14). Inflammation adjacent to the 
lesion may represent malignant submucosal extension 
or benign reactive changes. By delaying the resection and 
palliating the airway through repeated bronchoscopic 
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Figure 126.1 A,B: Adenoid cystic carcinoma. Contrast-enhanced axial CT showing a mass involv- 
ing the lateral and posterior aspect of the proximal trachea. Adenoid cystic carcinoma. Coronal CT 
shows a submucosal lesion similar in appearance to tracheal stenosis. 


intervention, obstructive pneumonia with resulting 
airway inflammation can be resolved. This allows for 
better delineation of margins and may decrease peri- 
operative complications such as wound disruption and 
pneumonia (14). 


DEFINITIVE SURGICAL MANAGEMENT 


Tracheal Resection 


Tracheal resection and primary reanastamosis is the pre- 
ferred treatment for the majority of both benign and 
malignant tracheal neoplasms. The ability to perform this 
preferred management is predicated upon patient-, tumor-, 
and surgeon-related factors. Patient factors that are impor- 
tant include body habitus, medical comorbidities, and 
patient preference. Increasing body mass index (BMI) and 
a thick and short neck may be impediments to the execu- 
tion of tracheal resection and reanastamosis. In this patient 
group, the mobilization of the trachea inferiorly and supe- 
riorly may be limited, and access to the segment of trachea 
containing the tumor may not be able to be accomplished 
solely through a cervical approach. Patients with coexisting 
chronic obstructive pulmonary disease may require a lon- 
ger intubation and may be more prone to coughing exac- 
erbations that may place additional strain on the tracheal 
repair. Furthermore, patients who have diabetes mellitus 
or are otherwise immunocompromised may have poorer 
wound healing, especially with longer segment resections 
that are under tension. 

Tumor factors are important in decision making. 
The length of the proposed segment that would require 


resection for adequate margins represents one of the key 
factors in determination of treatment. Segmental resec- 
tions of greater than 4 cm or six tracheal rings represent 
conditions in which the tracheal repair is under increased 
tension and dehiscence may be more likely. Submucosal, 
esophageal, mediastinal, and extensive tracheal or bron- 
chial extension may require combined cervicothoracic 
procedures or nonsurgical treatment. A variety of extended 
tracheobronchial resections have been described and are 
best managed in a multidisciplinary approach with otolar- 
yngologist and thoracic surgeon. Premature tracheotomy 
in the securing of an airway may create additional scar tis- 
sue and potential seeding of the soft tissues of the neck 
and make subsequent surgical resection efforts more dif- 
ficult. Prior radiation therapy may additionally have an 
impact on the ability to dissect soft tissues, mobilize the 
trachea and larynx, identify critical structures, and allow 
for optimal wound healing. 

Surgeon preference and experience may influence 
approach. Experience with benign tracheal stenosis, lar- 
yngectomy, and tracheal resection increases the confi- 
dence and ability of the surgeon to manage these lesions. 
Cooperation between otolaryngologists and thoracic sur- 
geons allows for improved patient selection, procedure 
selection, and technical execution of these complicated 
cases (2-5,15). Contraindications for tracheal resection 
are relative rather than absolute in many cases. Because 
airway patency represents a fundamental goal in the 
management of patients with tracheal neoplasms, resec- 
tion may be offered even in the face of primary tracheal 
tumors with regional or distant metastatic disease as 
well as selected metastatic lesions to the trachea. Lesions 


that are involve greater than 4 cm or are greater than six 
tracheal rings may not be eligible for resection; factors 
ultimately affecting this decision include body habitus, 
ability to adequately mobilize the upper respiratory tract, 
and experience of the surgical team in both the proce- 
dure and management of its complications. Extensive 
extratracheal disease in the mediastinum involving the 
esophagus, mediastinal vessels, and prevertebral spaces 
represents cases in which resection is contraindicated and 
tracheotomy, endoscopic tumor ablation, and stent place- 
ment may be preferred. 

Standard resection steps are predicated upon adequate 
bronchoscopic evaluation of the airway, imaging of the tra- 
chea and related neck and mediastinal structures, patho- 
logical confirmation, surgical team selection and approach, 
anesthetic preparation and management plan, and finally 
execution of the procedure. The steps of the tracheal resec- 
tion procedure are as follows: transverse cervical incision 
outlined in cervical crease at midpoint between the ster- 
nal notch and the inferior border of the cricoid cartilage 
that are readily palpable landmarks. In extended cases or 
in cases in which cervical and extensive mediastinal dissec- 
tion or proximity to the innominate artery is anticipated, 
both the neck and chest should be sterilely prepped and 
draped. The transverse cervical incision can be readily con- 
nected to a vertical chest incision for addition of a median 
sternotomy (total or partial). After preparation and skin 
incision choices are made, the steps of tracheal resection 
with primary repair are as follows: 


1. Elevation of a subfascial, supramuscular flap above the 
strap musculature and the sternomastoid muscles ster- 
nal heads both superiorly and inferiorly into the supra- 
sternal space of Burns. 

2. Separation of the strap muscles from the thyroid carti- 
lage to the sternal and clavicular origins of the muscles. 
Retraction of the wound may be done with a variety of 
self-retaining retractors, elastic stays, or sutures. 

3. Exposure of the trachea requires the surgeon to antici- 
pate extratracheal extension. For example, thyroidec- 
tomy may be required if resection is being performed 
because of well-differentiated thyroid cancer with focal 
tracheal invasion. In cases of endoluminal primary 
tracheal neoplasms, the thyroid isthmus should be 
divided with careful hemostasis, and the thyroid lobes 
mobilized laterally. 

4. Recurrent (inferior) laryngeal nerve identification is 
not performed routinely, although identification of the 
nerve may be required for adjunctive procedures such as 
thyroidectomy, central lymphadenectomy, or extended 
cricotracheal procedures. Monitoring of the recurrent 
nerves may be helpful in maintaining integrity of the 
nerves and monitoring the condition of the nerve dur- 
ing retraction; there is no current evidence that use of 
neural monitoring improves recurrent laryngeal nerve 
outcome in these procedures. 
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5. Tracheal mobilization. The trachea should be care- 
fully mobilized from the cricoid to two to three rings 
below the intended inferior margin of resection. 
Concomitant use and measuring of the lesion with 
imaging studies and intraoperative bronchoscopy may 
add accuracy to the determination of the segment 
requiring resection. Mobilization of the resection seg- 
ment must be circumferential. Beyond the resection 
segment inferiorly, care should be taken to perform 
anterior and posterior mobilization, but careful lat- 
eral preservation of soft tissues in order to preserve the 
blood supply to the distal trachea from the inferior 
thyroid artery and other thyrocervical trunk arterial 
tributaries. 

6. The majority of mobilization occurs from inferior 
mobilization for cervical tracheal defects. 

7. Superior mobilization may provide from 1 to 2 cm 
of additional length. This may include either infra- or 
suprahyoid muscle release, which in effect allows for 
stretching or elongation of the thyrohyoid membrane. 

8. The anesthesiologist and operative room team should 
be notified to remove any shoulder roll that was placed 
and to place the head in a neutral to flexed position. 

9. Closure of the trachea should be performed with 
reabsorbable interrupted sutures. I prefer 3-0 dyed 
polyglactin-coated vicryl sutures. The posterior sutures 
are placed first. Placing a O silk suture through the 
Murphy Eye of the endotracheal tube allows for it to 
be withdrawn and retrieved safely without accidental 
extubation. All of the sutures posteriorly to up to the 3 
and 9 o'clock positions of the trachea should be placed 
prior to tying the sutures. These sutures are then tied 
sequentially, while the surgical assistant removes ten- 
sion from the proximal and distal ends of the trachea. 
The anterior sutures are then placed extraluminally 
around one tracheal ring inferiorly and one tracheal 
ring or the cricoid cartilage superiorly. Each of these 
sutures is interrupted and should be thrown but not 
tied. Once all anterior sutures are placed, they may 
then be tied by the surgeon (I prefer hand tying to 
monitor tension rather than instrument tying); while 
the surgical assistant removes tension from the proxi- 
mal and distal tracheal segments. 

10. Buttressing extraluminal permanent sutures (ie., 
3-0 Prolene or nylon) may be thrown from tracheal 
rings or laryngeal cartilages above and below the pri- 
mary tracheal repair line in order to further remove 
tension of closure. This is not always feasible, and care 
must be taken not to tear the trachea or larynx. 

11. The wound is then irrigated, and hemostasis is 
reviewed and insured. The surgeon should ask the 
anesthesiologist to perform a Valsalva or positive pres- 
sure ventilation with the endotracheal cuff inflated to 
review hemostasis and then with the endotracheal cuff 
deflated, while the wound is flooded with sterile irri- 
gation in order to determine if the repair is air tight. 
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12. A drain may or may not be placed and is the preference 
of the surgeon based on the condition of the wound. 

13. The strap muscles are closed. 

14. Subcutaneous tissues and skin are closed. 

15. A large retention stitch (“Grillo stitch”) may be placed 
from the mandibular skin and periosteum to the ster- 
nal skin and periosteum with the patient’s head in a 
flexed position in order to keep the head in this posi- 
tion in the postoperative period in order to reduce ten- 
sion on the tracheal repair. 

16. The patient may then be extubated when awake and 
able to protect his/her airway. This should be done in 
the operating room with both anesthesiologist and 
surgeon present in the untoward event that airway 
obstruction and subsequent reintubation or surgical 
management is required. 

17. In extended procedures such as cricotracheal resec- 
tions, a tracheotomy inferior to the repair site may be 
performed if laryngeal patency is in question. 

18. If the procedure has been prolonged or significant 
edema of the airway is suspected, intubation over 
24 hours with subsequent controlled extubation may 
be performed. 


In the postoperative period, several potential problems 
must be actively monitored for and managed. Minor 
wound complications such as hematoma, seroma, or 
wound infection are rare, but they may become major 
complications if there is wound disruption of the tracheal 
repair itself. Earlier tracheal disruption may manifest with 
wound crepitance, extended neck and chest crepitance, 
and in its most extreme forms, pneumomediastinum and 
pneumothorax. This may require opening of the wound 
with placement of a drain, tracheal repair or tracheotomy, 
and chest tube placement. Late disruption is more likely 
to occur subsequent to wound infection and may require 
incision and drainage and possible tracheotomy place- 
ment depending on the severity of the wound and the air- 
way condition. The second most serious condition is the 
development of tracheal granulation tissue. Suture granu- 
lation/granuloma occurring at the suture line may require 
bronchoscopy and removal either mechanically or by laser 
with possible adjuncts such as dilation, steroid injection, 
or topical application of substances such as mitomycin-c. 
In severe cases, stent placement or tracheotomy may be 
considered. Complication rates in experienced hands range 
from 17% to approximately 30%. Long-term restenosis is 
uncommon occurring at 1% to 14% of cases. The manage- 
ment of restenosis may require re-resection of the stenotic 
segment, endoscopic management with or without stent- 
ing, or placement of a tracheotomy (16,17). 

Multiple surgical series have demonstrated that the over- 
all survival of these rare tumors is best accomplished with 
surgical resection (16-18). Adenoid cystic carcinomas fare 
better than squamous cell carcinomas, which have as a cat- 
egory the worst prognosis. Negative surgical margins at the 


TABLE 
126.3 TRACHEA SURVIVAL 


5-Y Overall 5-Y Disease-Free 
Tumor Type Survival (%) Survival (%) Sources 
Adenoid cystic 31.6 47.4-77.9 9,10 
Squamous 6 29 9 
Other 19-90 38-90 7,9 
Overall 21 27 9 


time of resection predict improved disease-free and overall 
survival for all malignant tumors (19). Application of adju- 
vant radiotherapy may improve survival for all squamous 
cell carcinomas and for other tumors with microscopic 
residual disease (17-19). Carcinoid tumors, sarcomas, and 
mucoepidermoid carcinomas demonstrate survival in excess 
of 78% with complete resection in experienced centers (18). 
Without surgical resection, long-term survival for malig- 
nant tracheal tumors is dismal (16-19). Extension of squa- 
mous cell carcinomas of the trachea into the thyroid or the 
regional lymphatics is a poor prognosticator, diminishing 
overall survival by more than 50% (20). (See Table 126.3 
Survival For Malignant Tracheal Tumors for a summary of 
survivorship for common tracheal malignancies.) 


Cricotracheal Resection 


Cricotracheal resections may be appropriate for selected 
subglottic laryngeal tumors as well as proximal exten- 
sion of primary tracheal tumors. This is most commonly 
applied for subglottic tumors that may have tracheal exten- 
sion, for example, chondrosarcomas arising from the cri- 
coid cartilage (21). Contraindications to cricotracheal 
resection included involvement of the true vocal cord 
and/or arytenoid. Tumor extension beyond the airway to 
involve the mediastinal vasculature or prevertebral fascia 
represents additional contraindications. The execution of 
a cricotracheal resection is similar to tracheal resection in 
terms of exposure and precautions regarding the length of 
resection. In addition, all or portion of the cricoid may be 
removed. Removal of the anterior cricoid represents a rela- 
tively technically easy exercise. The posterior cricoid is both 
taller vertically and thicker. Care must be taken in remov- 
ing the posterior cricoid to avoid resection or damage to 
the arytenoid cartilages and to avoid inadvertent entry into 
the esophagus. Closure is accomplished by circumferential 
tracheal suture with suspension to the fibrous-mucosal 
cuff posteriorly and to the thyroid cartilage superiorly. If 
the thyroid cartilage is calcified, drilling holes with a sur- 
gical drill facilitates the placement of these suspension 
sutures (5,20,22). In experienced hands, successful airway 
patency without tracheotomy may be obtained in over 
90% of patients (17). 


Distally Extended Resections 


Extended resections distally in the trachea may involve 
resection of segments of trachea greater than 4 cm, resec- 
tions of the trachea with one mainstem bronchus, carinal 
resections, or resections combined with pneumonectomy. 
These extended thoracic procedures may be approached 
through median sternotomy, thoracotomy, or combina- 
tions depending on the extent of resection and if pneumo- 
nectomy is included. Some of these extended resections 
may require cardiopulmonary bypass (23,24). Overall 
1-, 2-, and 3-year survivals in these extended tracheobron- 
chial resections for malignancy are approximately 98%, 
54%, and 50% (24). The majority of extended resections 
are reconstructed with tracheobronchoplasties that are tai- 
lored to the specific resection (23-25). Other reconstruc- 
tive methods and tracheal replacement methods have also 
been described for extended tracheobronchial resections 
including the use of flaps (pectoralis major flap and engi- 
neered radial forearm) and aortic homografts (25-27). 


Laryngeal-Tracheal Resections with 
Permanent Stoma 


Some tracheal tumors with extensive laryngeal framework 
involvement, recurrent laryngeal nerve involvement, and 
significant laryngeal dysfunction may require laryngec- 
tomy, laryngopharyngectomy, or laryngopharyngoesopha- 
gectomy; in these cases, mediastinal resections with flap 
reconstruction, innominate artery mobilization, and man- 
agement and creation of a mediastinal tracheostoma may 
be indicated. Overall survival at 3 and 5 years for these 
types of resections is approximately 57% and 43% (28). 


Lymph Node Management 


The role of lymphadenectomy in primary tracheal tumors 
is controversial. Obviously involved, resectable paratracheal 
and mediastinal nodes should be removed. In the case of the 
clinically uninvolved neck, the role of elective removal of 
paratracheal lymph nodes is less well understood. The pres- 
ence of positive lymph nodes does not appear to adversely 
affect prognosis; however, over 80% of patients with patho- 
logically positive lymph nodes have also received adjuvant 
radiation therapy in addition to resection (29). 


ENDOSCOPIC AND NONOPERATIVE 
MANAGEMENT 


Debulking and Stents 


Tumor debulking is a good initial diagnostic and tem- 
porary therapeutic endeavor. Given comorbidities, the 
management may precede other nonsurgical interven- 
tions such as radiation therapy. Debulking can occur by 
mechanical removal, laser ablation, and cryoablation. 
These methods can provide in general short-term relief of 
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airway obstruction, but are otherwise palliative rather than 
definitive treatment (30). Stents may be applied following 
biopsy or debulking procedures as a temporizing measure 
preceding definitive resection or as a means of extending 
palliative relief of airway obstruction. Stents may be placed 
by means of flexible bronchoscopy for metal-based stents 
or rigid bronchoscopy for metal or other plastic polymer 
stents. Additionally, drug-eluting stents have been used in 
the context of both benign and malignant airway stenosis 
management (1,30-35). Complications occurring most 
frequently with airway stent use include mucous plug- 
ging, stent displacement, granulation tissue formation, and 
rarely erosion (30,34). It is important to emphasize that 
although stents are used in the management of the airway 
for patients with tracheal tumors, with or without adjuvant 
therapies such as radiation, when complete tumor resec- 
tion is feasible, it is the preferred management due to better 
long-term airway patency and oncologic outcomes (4,5). 


Radiation Therapy 


Radiation therapy may be utilized as either a primary or 
adjunctive modality in the treatment of tracheal neoplasms. 
Radiation may be delivered through external beam or 
brachytherapy techniques. In large series, upwards of 50% 
of patients receive radiation in addition to definitive surgical 
management (34). Indications for adjuvant external beam 
irradiation therapy include positive surgical margins, high- 
grade histopathology, lymphatic involvement, perineural 
invasion, and invasion that extends outside of the airway 
(18,36). External beam radiation therapy may be delivered 
to airway neoplasms using a variety of sources, energies, and 
techniques. Hypofractionated tomotherapy allows for three- 
dimensional coverage of at-risk areas following surgical 
resection and may limit dose to the esophagus and surround- 
ing trachea, lung, and mediastinum and therefore lessen the 
side effects of radiation (37). Primary external beam irradia- 
tion therapy may be applied as primary therapy in patients 
who are not suitable candidates for surgical resection. The 
radiation therapy may be delivered with electrons or neu- 
trons. Ideal fractionation and dosing has not been estab- 
lished. Fast neutron beam irradiation therapy for adenoid 
cystic carcinoma in median doses of 19.2 Gy offers actuarial 
5-year overall survival of 54% with or without an endobron- 
chial brachytherapy boost with iridium. Neutrons may be 
superior to electrons in these minor salivary gland cancers 
(38). Neutron radiation therapy is not as widely available, 
however, and may not differ significantly with electrons with 
endobronchial brachytherapy boost. External beam irradia- 
tion therapy may also play a role in increasing locoregional 
control in patients with well-differentiated thyroid cancers 
that have required shave excisions from the airway (51% 
with radiation vs. 8% without) (39). However, segmental 
resection and reanastamosis of the involved airway may 
provide superior control in well-differentiated thyroid can- 
cers. In general, endoluminal or full-thickness involvement 
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of the airway by well-differentiated thyroid cancers should 
be managed with segmental resections of the airway or lar- 
yngectomy and addition of adjuvant irradiation therapy 
(40,41). Endobronchial brachytherapy may be adminis- 
tered as a boost to external beam irradiation as discussed 
above or may be utilized as a largely palliative modality to 
limit endoluminal tumor growth in tracheal malignancy. 
Endobronchial brachytherapy requires special expertise, 
and while it may temporarily enhance tumor control, it may 
also be complicated by serious hemoptysis due to vascular 
erosion (30,42,43). 


Chemotherapy 


The role, either adjunctive or palliative, of chemotherapy in 
the management of tracheal malignancy is poorly defined. 
Unlike laryngeal cancer, there are no multicenter clinical 
trial results that define the role of combined radiation and 
chemotherapy for organ preservation. In unresectable or 
certain aggressive neoplasms such as basaloid squamous 
cancer of the trachea, concomitant chemotherapy and 
irradiation therapy may represent a possible management 
strategy (44). 


PATHOLOGY 


Tracheal tumors are uncommon with an overall incidence 
of 0.2 per 100,000 persons per year, and 80% of these 
neoplasms are malignant. Primary tumors originate most 
frequently from the epithelium or glandular tissues of 
the trachea. Squamous cell carcinomas and adenoid cys- 
tic carcinomas are the most common, occurring in equal 
proportions. These two carcinomas have been reported to 
represent between two-thirds and three-fourths of tracheal 
neoplasms (6,45). There are numerous additional benign 
and malignant neoplasms that have been described, 
and this group of heterogeneous lesions comprises the 
remaining one-fourth to one-third of tracheal tumors 
(Table 126.1) (6,7,18,29,45). Tracheal tumors occur 
equally among men and women; however, squamous cell 
carcinoma affects men at least twice as often as women. 
Adenoid cystic carcinoma occurs equally between men 
and women. A history of smoking tobacco is associated 
with squamous cell carcinoma, but not with adenoid cys- 
tic carcinoma. In a retrospective chart review of malignant 
tracheal neoplasms by Webb et al. (18), 75 patients with 
malignant tracheal neoplasms were identified, and there 
was a strong correlation between smoking and squamous 
cell carcinoma, but not adenoid cystic carcinoma. 


Squamous Cell Carcinoma 


This very aggressive epithelial malignancy can be ulcerative 
or exophytic. Arising from the surface respiratory epithe- 
lium, squamous cell carcinomas can occur throughout the 
entire trachea, and have been known to invade surrounding 


structures in the neck and mediastinum. Squamous cell 
carcinoma of the trachea is notorious for rapid growth and 
early regional lymph node metastasis. Synchronous or meta- 
chronous lesions are common (30% to 40%) and occur 
most frequently in the lung, larynx, and oropharynx, regions 
where smoking-related neoplasms are also common (45). 


Adenoid Cystic Carcinoma 


Adenoid cystic carcinoma arises from the minor salivary 
gland epithelium within the trachea, and they are usu- 
ally indolent in their presentation and course. One study 
reviewed 208 patients with tracheal tumors and found that 
those with adenoid cystic carcinoma had symptoms three 
times as long as patients with squamous cell carcinoma 
(29). There is low risk for regional lymph node involve- 
ment; however, perineural invasion and hematogenous 
metastasis are encountered frequently. These tumors tend 
to displace surrounding structures rather than invade 
them. Hematogenous metastasis occurs in approximately 
50% of patients and most commonly involves the lungs 
(46). Recurrence after definitive primary treatment is com- 
mon and occurs at an average of 51 months compared to 
18 months for other tracheal tumors (29). 


Secondary Tracheal Tumors 


Tumors from adjacent structures can invade the cervical or 
thoracic trachea. Cervical trachea invasion can occur from 
well-differentiated thyroid carcinoma, anaplastic thyroid 
carcinoma, cervical esophageal cancers, and advanced 
metastatic cervical lymph node disease. Thoracic trachea 
involvement can result from lung carcinoma, as well as 
esophageal and mediastinal lymph node disease similar to 
the cervical trachea. 

Although death from thyroid cancer is the exception 
rather than the rule, when it does occur, tracheal inva- 
sion with airway obstruction and bleeding is the cause 
over 50% of the time (47). Invasion is often identified at 
the time of thyroidectomy unless luminal invasion has 
occurred with resulting airway symptoms. Management 
of tracheal invasion from thyroid carcinoma depends on 
the extent of invasion, histology, and patient-related fac- 
tors. Early invasion can be addressed by shaving the tumor 
from the trachea with the expectation that adjuvant radio- 
therapy will be given postoperatively. Although controver- 
sial, tracheal resection with primary reanastamosis is also 
an option especially in advanced cases of invasion with 
intraluminal involvement and may offer more robust dis- 
ease control (48). Invasion of the trachea or carina can 
occur from direct extension of a bronchogenic lung cancer. 
Resection is recommended if there is no regional lymph 
node involvement or distant metastasis. Tracheal invasion 
from esophageal carcinoma or metastatic lymph node dis- 
ease should be considered unresectable, and nonsurgical 
therapy and palliation is recommended. 


Metastatic Tumors 


Metastatic tumors of the trachea have been reported and 
are most commonly from breast cancer, colon cancer, 
and cutaneous melanoma. Metastasis from renal cell 
carcinomas, adrenal gland tumors, and testicular cancers 
has also been described. As with any metastatic disease, 
prognosis is poor, and palliative treatment is recom- 


mended. 


m Tracheal neoplasms, either benign or malignant, are 
rare. 

= Early biopsy, careful endoscopic mapping, and 
endoscopic debulking help establish both the air- 
way and diagnosis. 

= Prior to definitive management, imaging with 
CT, MRI, or PET-CT may be helpful in determin- 
ing extent of disease, lymph node involvement, or 
extension of tumor outside of the airway. 

m= Segmental resection of the airway is preferable to 
nonsurgical or endoscopic management only. 

m Extended resections such as cricotracheal resection, 
laryngotracheal resections with mediastinal trache- 
ostoma, and tracheocarinal resections may be neces- 
sary in advanced tumors. 

m= Adjuvant radiation therapy is helpful in reduc- 
ing locoregional recurrence in malignant tracheal 
tumors that have positive resection margins, high- 
grade histopathology, lymphatic involvement, and 
perineural invasion. 

m In patients in which tumors are not resectable, 
endoscopic debulking with laser, radiofrequency 
ablation, or cryotherapy or by mechanical means 
and placement of airway stents may be helpful in 
palliation and airway protection. 

m External beam radiation, with either electrons or 
neutrons, along with endobronchial brachytherapy 
may be used in the treatment of unresectable malig- 
nant tracheal tumors. 

mu The role of chemotherapy, especially in combina- 
tion with radiotherapy, is emerging, but is poorly 
characterized. Squamous cell carcinoma is the 
predominant histopathology and is aggressive with 
frequent nodal metastasis. 

m Adenoid cystic carcinoma is also relatively common 
and is less aggressive than squamous cell carcinoma 
and is more likely to exhibit perineural and hema- 
togenous spread. A myriad group of tumors may 
present in the trachea, which makes accurate biopsy 
and diagnosis of paramount importance prior to 
instituting treatment. 
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Vascular Tumors of the 
Head and Neck 


Mark Persky 


Vascular tumors of the head and neck consist of a variety 
of different entities that are unrelated to each other. This 
chapter focuses on acquired vascular tumors that present 
vexing clinical problems. Based on Batsakis classification 
of vascular tumors, a differentiation can be made: tumors 
that are congenital and/or arise on behalf of syndromes 
and those that are acquired (Table 127.1). This chapter 
focuses on acquired tumors. 


Anatomy and Physiology of the Paraganglia 


Paraganglia are part of a system of cell clusters that facili- 
tate the baroreceptive and chemoreceptive reflexes of 
the cardiovascular system. They are diffusely distributed 
throughout the upper body. They contain cells that are 
capable of secreting neuropeptides that have the capability 
to influence vascular reflexes. 

These structures are part of the diffuse neuroendocrine 
system that are derived from neural crest origin cells. Neural 
crest derivatives, produce the C cell of the thyroid gland, the 
melanocyte, and the paraganglia. Paraganglia are found in 
the adrenal medulla or diffusely distributed as the extra- 
adrenal paraganglia (1,2). 

The latter, the diffusely distributed extra-adrenal para- 
ganglia are divided into branchiomeric paraganglia and 
vagal paraganglia. The branchiomeric paraganglia are 
distributed along arteries and cranial nerves in the head 
and neck. The jugulotympanic paraganglia arise from the 
second branchial arch while the carotid paraganglia arise 
from the third branchial arch. The intravagal paraganglia 
do not follow this embryologic pharyngeal pouch distri- 
bution and are thus classified separately. Even so, unusual 
paraganglioma locations have been recorded that do not fit 
this classification: larynx, orbit, thyroid, nasal cavity, and 
sinuses as well as intracranial (3) (Fig. 127.1). 


Spiros Manolidis 


The carotid body is a chemoreceptor that senses changes 
in arterial oxygen pressure, pH, and carbon dioxide. Along 
with the cardiac and aortic bodies, these are the only che- 
moreceptors in the paraganglia. The carotid body is a dis- 
crete oval structure situated behind the carotid bifurcation 
and receives its blood supply directly from the carotid 
bifurcation via the glomic arteries. The afferent reflex is 
mediated by a branch of the glossopharyngeal nerve (nerve 
of Hering) (4) (Fig. 127.2). 

The jugulotympanic paraganglia are distributed within 
the temporal bone in close association with the tympanic 
branch of the glossopharyngeal nerve (Jacobson nerve) 
and the auricular branch of the vagus nerve (Arnold nerve). 
The majority of the temporal bone paraganglia are located 
in the jugular fossa and the rest are located in the bony 
canal that transmits Jacobson nerve or in the submucosa 
of the tympanic cavity. There is a marked difference in the 
clinical behavior of tumors arising from the jugular para- 
ganglia versus the tympanic paraganglia. This has signifi- 
cant therapeutic implications (5) (Fig. 127.3). 

The vagal paraganglia are distinctly different from the 
jugulotympanic paraganglia. They do not form discrete 
bodies and are incorporated within the vagus nerve under- 
neath the perineurium or interspersed within the vagal 
nerve fibers in the pars nervosa of the jugular foramen 
(which transmits the lower cranial nerves IX, X, and XI). 
The superior vagal ganglion is found at the level of the 
jugular foramen. The nodose vagal ganglion lies just below 
the jugular foramen. Both ganglia are in close proximity to 
cranial nerves IX through XII, the pars venosa of the jugular 
foramen, as well as the ascending portion of the petrous 
internal carotid artery (6G). Thus vagal paragangliomas have 
distinct therapeutic implications based on their close asso- 
ciation with the superior portion of the vagal nerve and 
their adjacent neurovascular structures. 

The microanatomy of normal paraganglia is that of clus- 
ters that contain chief cells (type I cells) surrounded by 
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CLASSIFICATION OF VASCULAR 
«7 /') TUMORS OF THE HEAD AND NECK 


Localized Hemangioma 
Lymphangioma 
Hemangiolymphoma 
Angiomatosis 


Cystic hygroma 


Congenital 


Generalized 


Arterio-venous malformation 
Aneurism 

Phlebectasia 
Osler-Weber-Rendu 
Sturge-Weber 

Maffucci 

von Hippel-Lindau 


Inflammatory 


Syndromic 


APUD Paraganglioma 
Carotid 

Vagus 

Larynx 

Jugular 
Tympanic 
Aortic 


Acquired benign 


Acquired malignant Angiosarcoma 


Acquired indeterminate Hemangiopericytoma 


sustentacular cells (type I). These clusters are interspersed 
by a web of blood vessels. The equivalent structures seen 
in paragangliomas are termed Zellballen, which retain part 
of this structural arrangement. The sustentacular cells do 
not secrete catecholamines and are similar in nature to the 
Schwann cells enveloping autonomic ganglia. The chief cells 
have abundant secretory granules, a characteristic of secreting 
cells. The biochemistry of paraganglia chief cells is character- 
ized by catecholamine production (7). This sequence is char- 
acterized by enzymatic conversion of tyrosine to dopamine, 
norepinephrine, and epinephrine. Extra-adrenal paraganglia 
lack methyltransferase that is required for the conversion of 


norepinephrine to epinephrine. The metabolic breakdown 
of catecholamines to metanephrine (from epinephrine) and 
normetanephrine (from norepinephrine) as well as vanillyl- 
mandelic acid (VMA) can be detected in the urine. Actively 
secreting paragangliomas can be thus detected with appro- 
priate urine and serum analysis (Fig. 127.4). 


Paraganglioma Epidemiology and 
Pathophysiology 


Paragangliomas are neoplasms of the paraganglia. 
Paragangliomas of the head and neck are rare tumors, com- 
prising about 1 in 10,000 of all tumors in the head and 
neck area excluding intracranial tumors. The annual inci- 
dence of extra-adrenal paragangliomas is estimated at 1 
in 300,000 (8). Carotid body tumors and jugulotympanic 
tumors account for approximately 80% of these, and vagal 
paragangliomas add another 5%. Significant referral pat- 
tern distortions make these numbers less reliable. Multiple 
paragangliomas are present in up to 22% of all patients with 
a paraganglioma, and these are frequently hereditary in 
nature with a family history of such tumors. Approximately 
10% of sporadic cases will have a concurrent second para- 
ganglioma. Multiple tumors may be metachronous, and 
this has implications for surveillance of patients with a 
paraganglioma. The most common pattern of a synchro- 
nous secondary paraganglioma is a second carotid body 
tumor, which is present in 20% of carotid body tumors. 
Bilateral carotid body tumors as well as an additional para- 
ganglioma ipsilaterally or contralaterally present significant 
and challenging treatment problems due to the potential 
for cranial nerve deficits and loss in baroreceptor function, 
which results in labile hypertension (9-11). 

Other than genetics, the only known predisposition 
for a paraganglioma is high-altitude living associated 
with chronic hypoxemia. Several studies show that there 
is an increased incidence of these tumors with high- 
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Figure 127.1 Classification of the diffuse neuroendocrine system. 
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Figure 127.2 Schematic representation of lower cranial nerves at the level of jugular foramen. 


altitude living, a ninefold increase for those living 
between 2 and 3 km and 12-fold increase for those living 
between 3 and 4.5 km above sea level. Patients forming 
these tumors at higher altitude show a lower rate of bilat- 
erality and a lesser degree of familial history of paragan- 
gliomas (12-14). 

Approximately 1% to 3% of paragangliomas secrete 
catecholamines. A fivefold increase in catecholamines is 
sufficient to produce symptoms. Secreting paragangliomas 
account for approximately 2% of all instances of second- 
ary hypertension. Twenty-four-hour urine collection in 
these patients will show elevated levels of the catechol- 
amine metabolites metanephrine and VMA. Serum cate- 
cholamines will show elevated levels of norepinephrine in 
functioning extra-adrenal paragangliomas. Elevated serum 
epinephrine is indicative of a concurrent pheochromocy- 
toma (3,15). 


Malignant paragangliomas represent a small subset of 
extra-adrenal paragangliomas that have a propensity for 
regional lymph nodes and distant metastatic disease, pri- 
marily to the lungs, liver, and bones. Sporadic paraganglio- 
mas have a higher rate of malignancy than familial-type 
paragangliomas. PGL4 syndrome is associated with a very 
high rate of malignancy as high as 54%. The rate of malig- 
nancy is site specific. Orbital and laryngeal paraganglio- 
mas have the highest rate of malignancy, approximately 
25%. Vagal paragangliomas have a malignancy rate of up 
to 10%, followed by jugulotympanic paragangliomas with 
a malignancy rate of 5% and carotid body tumors being 
last at 3% to 6%. There are no histologic criteria by which 
primary tumor malignancy can be diagnosed. Malignancy 
is confirmed by tumor present in lymph nodes or distant 
metastatic sites. The presence of malignancy has profound 
implications in the treatment of these tumors (16-18). 
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Genetics 

Hereditary susceptibility to paragangliomas, mainly of 
the head and neck region, was recognized at least two 
decades ago and led to the identification through linkage 
analysis of three loci on chromosomes 11 and 1, named 
PGL1 on 11q23, PGL2 on 11q11.3, and PGL3 on 1q21-23. 
Following the discovery of SDHD (succinate dehydroge- 
nase [SDH] subunit D gene) as the gene responsible for 
PGL1 in familial head and neck paragangliomas, it was 
recognized that two other subunits of this mitochondrial 
enzyme, SDHC (PGL3) and SDHB (PGL4, 1p36), were 
associated with heritable pheochromocytoma and/or para- 
ganglioma. To date, the gene for PGL2 has not been identi- 
fied (12,19-22). 


SDH or succinate-ubiquinone reductase is the complex 
Il of the mitochondrial respiratory chain located in the 
mitochondrial matrix. SDH couples the oxidation of succi- 
nate to fumarate in the Krebs cycle with electron transfer to 
the terminal acceptor ubiquinone. This prevents formation 
of potentially dangerous reactive oxygen species. 

The molecular cascade between SDH mutations and 
tumor formation is unknown. It has been proposed that 
SDHD is a critical component of a cellular oxygen-sensing 
system. Mutations in SDHD may incapacitate the oxy- 
gen-sensing mechanism, leading to an apparent or real 
hypoxic state accompanied by chronic hypoxic stimula- 
tion and cell proliferation. Support for hypoxia-induced 
hyperplasia comes from evidence obtained in high-alti- 
tude physiologic studies. Cows, guinea pigs, rabbits, and 
dogs experience carotid body hyperplasia when living at 
high altitudes, which exposes them to a hypoxic condi- 
tion, and this has also been described in humans. Another 
clinical observation lending support to these theories is 
the finding that patients suffering from conditions result- 
ing in hypoxemia, such as cystic fibrosis, cyanotic heart 
disease, and chronic obstructive pulmonary disease expe- 
rience carotid body hyperplasia and those suffering from 
chronic obstructive pulmonary disease have a higher 
rate of carotid body tumors. This relationship between 
SDHD, SDHC, and SDHB mutations and the oxygen- 
sensing mechanism, and the cascade of events between 
these mutations and tumor formation are not completely 
known (12,13,19-22). 

SDH is an enzyme complex composed of four subunits 
encoded by four nuclear genes (SDHA, SDHB, SDHC, 
and SDHD). SDHC (cybL, 15 kDa, 169 amino acids) and 
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Figure 127.4 Biochemical pathway for catecholamine metabolism. 
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SDHD (cybS, 12 kDa, 159 amino acids) subunits are hydro- 
phobic and provide membrane anchor and the binding site 
for ubiquinone. SDHA (flavoprotein, 70 kDa, 664 amino 
acids) and SDHB (iron-sulfur protein, 27 kDa, 280 amino 
acids) are hydrophilic with the former involved in substrate 
binding and oxidation and the latter in electron transfer. 
Both the SDHB (35.4 kb, 8 exons) and the SDHC (50.3 kb, 
6 exons) genes are located on chromosome 1, the short and 
long arm respectively. The SDHD gene located on 11q23.1 
spans 8.9 kb and contains 4 exons while SDHA lies on the 
short arm of chromosome 5 (5p15) and is composed of 
15 exons spread in a genomic region of 38.4 kb. While 
homozygote germline mutations affecting the SDHA gene 
cause Leigh syndrome, a subacute necrotizing encephalo- 
myelopathy during infancy, SDHD, SDHB, and SDHC het- 
erozygous mutations cause a genetic predisposition to head 
and neck paragangliomas and adrenal/extra-adrenal pheo- 
chromocytomas (23). This inherited tumorigenic predis- 
position is transmitted in an autosomal dominant fashion 
with age-dependent and incomplete penetrance. However, 
for SDHD located on chromosome 11q, a parent-of-origin 
effect is apparent as the disease is manifest almost exclu- 
sively when the mutation is transmitted from the father. 
A maternal imprinting has therefore been postulated but 
despite the pattern of inheritance, SDHD shows bi-allelic 
expression in normal tissues and neural crest-derived 
tissues (12,18). 

Neurofibromatosis type 1 is also associated with both pheo- 
chromocytomas and glomus tumors. Pheochromocytomas 
are also associated with multiple endocrine neoplasia type II 
with RET gene mutations, and with von Hippel-Lindau syn- 
drome and mutations in the VHL gene (24). 

In cases where successive generations of a family have 
been harboring the mutations, patients develop tumors at 
progressively younger ages. This finding is a good example 
of genetic anticipation, in which the mutation appears to 
be more severe with succeeding generations. 

Familial glomus tumors constitute approximately 20% 
of affected patients, for which the genetic defects are known. 
One subgroup (10% of all glomus tumors) appears to be 
caused by sporadic mutations in SDHB and SDHD. The 
pathogenesis of the remaining 80% of tumors remains a 
mystery. Oncology research implicates several processes as 
important to tumor formation and growth. Two that 
attract a significant amount of attention are angiogenesis 
and apoptosis, and these processes have been examined in 
paragangliomas as well (25). 

Angiogenesis is a critical event in the development and 
sustained growth of several tumor types. Given the vascular 
nature of paraganglion tissue, questions about the role that 
angiogenesis plays in the development of paragangliomas. 

Vascular endothelial growth factor (VEGF) and platelet- 
derived endothelial growth factor (PD-ECGF) as well as 
endothelin-1 have been found in the majority of specimens 
examined. It has been postulated that this was consistent 
with a paracrine mechanism for tumor development (26). 
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Additionally, hypoxia induces expression of hypoxia- 
inducible factor 1, which participates in the angiogenesis 
cascade. Pheochromocytomas exhibit ubiquitous hypoxia- 
inducible factor 1 secondary to mutations resulting in cell 
hypoxia. This may represent a link between the mutation 
and tumor development (27). 

In summary, the genetic associations in these paragan- 
glioma syndromes are as follows: 


m Patients with PGL develop tumors at a younger age than 
sporadic cases 

m Other tumor syndromes: Neurofibromatosis type 1, 
MEN type 2 and von Hippel-Lindau predispose to para- 
gangliomas 

= In PGL1, 2, and 3, the genetic transmission is autosomal 
dominant, with highly variable expressivity and reduced 
penetrance. Genomic imprinting is seen: the paternally 
transmitted genes lead to tumor development and the 
maternally transmitted gene gives carrier status without 
developing tumors 

m= PGL1 and PGI4 show multicentricity and pheochromo- 
cytomas 

m= PGL4 shows a marked increase in malignant paragan- 
gliomas 

= PGL3 shows exclusively benign paragangliomas with no 
multifocality and no association to pheochromocytomas. 


Clinical Presentation, Classification 


The clinical presentation of paragangliomas is location 
specific. As these tumors enlarge, they tend to produce cra- 
nial neuropathies. Additionally, secreting tumors can pro- 
duce hypertension, tachycardia, sweating, and nervousness 
secondary to catecholamine release. 


Carotid Body Tumors 

Carotid body tumors typically present as a slowly enlarging 
asymptomatic deep neck mass at the level of the carotid 
bifurcation. In a small minority of patients, pain is pres- 
ent around the tumor. Because of the association with the 
carotid artery they are laterally mobile, but rostrocaudally 
fixed on examination. As the tumor enlarges, a bruit may 
be auscultated and in addition to a neck mass, a parapha- 
ryngeal extension results in the lateral displacement of the 
soft palate medially and anteriorly. Cranial nerve paralysis 
symptoms are unusual and present in very large tumors 
with superior extension toward the jugular foramen. 
Shamblin classification is commonly used to stage carotid 
body tumors, and though this is based on intraoperative 
findings, it can be applied to radiologic findings prior to 
treatment (Table 127.2, Fig. 127.5). 


Jugulotympanic Paragangliomas 

Jugular and tympanic paragangliomas occur predomi- 
nantly in the fifth and sixth decades of life with an over- 
whelming female predominance. They are slow growing, 
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SHAMBLIN CLASSIFICATION 
uy ”4) OF CAROTID BODY TUMORS 


Type 1 Relatively small tumor with minimal attachment to 
the carotid vessels 

Type 2 Larger tumor with moderate attachment to carotid 
vessels but resectable with preservation of the 
carotid vessels 

Type 3 Tumor encases the carotid vessel requiring arterial 


sacrifice with reconstruction 


and their pattern of growth follows the pathways of least 
resistance in the temporal bone and surrounding skull 
base structures. In their later stages, both types produce 
similar symptoms including cranial nerve deficits, while in 
the early stages tympanic and jugular paragangliomas dif- 
fer in presentation. 

Tympanic paragangliomas present early with pulsatile 
tinnitus and conductive hearing loss. On otomicroscopic 
examination, a red—blue middle ear mass that blanches 
with positive pressure on pneumatic otoscopy is appre- 
ciated (Brown sign). With subsequent growth, there 
is ossicular erosion and filling of the middle ear cleft. 
Extension through the tympanic membrane will produce 
an ear canal polypoid mass that may spontaneously cause 
bloody otorrhea. Extension to the mastoid can occur 
through a number of pathways. Involvement of the facial 
nerve, usually in the mastoid, can produce facial paraly- 
sis aS a presenting symptom. Anterior growth toward the 
pericarotid air cells can involve the petrous carotid artery 
and occupy the eustachian tube. Medial growth into the 
infralabyrinthine air cells can reach the petrous apex and 
petroclival area as well as cavernous sinus. Intracranial 
extension is possible through extension through the 
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jugular foramen and/or petrous apex. More infrequently, 
there is involvement of the otic capsule and the inner ear 
with attendant sensorineural hearing loss and vertigo at 
presentation. 

Jugular paragangliomas, due to their origin location 
within the jugular bulb, have the capacity for early and 
extensive skull base invasion with involvement of cranial 
nerves 9 through 12. Growth through Jacobson nerve 
canal and the hypotympanic air cells leads to involve- 
ment of the middle ear and mastoid bone leading to 
conductive hearing loss, tinnitus, and facial paralysis. 
Intracranial involvement through the jugular foramen 
is frequent. Erosion of the jugulocarotid spine leads to 
involvement of the vertical petrous carotid artery, and 
further anterior extension leads to involvement of the 
horizontal portion of the petrous carotid artery. More 
medial extension to the infralabyrinthine air cells lead to 
involvement of the petrous apex. Further medial exten- 
sion along this pathway leads to involvement of the 
clivus and cavernous sinus. Occasionally, jugular para- 
gangliomas will escape the confines of the temporal bone 
and involve the infratemporal fossa and parapharyn- 
geal space. Lower cranial nerve involvement is frequent 
and ranges from 38% to 58% (28,29). Multiple cranial 
nerves are frequently involved with Vernet syndrome 
(paralysis of cranial nerves 9, 10, and 11) or Collet-Sicard 
syndrome (paralysis of cranial nerves 9, 10, 11, and 12) 
in at least 10% of those with jugular paragangliomas 
(Fig. 127.6). The attendant symptomatology is hoarse- 
ness, swallowing difficulty, hemipalatal dysfunction with 
nasal air escape, shoulder motion restriction, and dysar- 
thria due to tongue hemiparalysis. Two surgical classi- 
fication systems are in wide use today and can be used 
preoperatively based on radiographic findings: the Fisch 
classification system, which makes no distinction between 
tympanic and jugular paragangliomas and is predicated 
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Figure 127.5 Shamblin classification of carotid body tumors. 
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Figure 127.6 Modes of spread for jugular paragangliomas. 


on detailed patterns of progressive disease extension, and 
the Glasscock-Jackson classification system, which treats 
tympanic and jugular paragangliomas differently (15,28) 
(Tables 127.3 and 127.4). 

Vagal paragangliomas account for 5% of all head and 
neck paragangliomas and originate in the vagus nerve 
where the paraganglia are diffusely distributed in the 


Class A Tumors arising on the tympanic plexus confined 
to the middle ear 

Class B Tumors arising from the inferior tympanic canal 
in the hypotympanum with middle ear and/or 
mastoid invasion, but jugular bulb and carotid 
canal intact 

Class C Tumors arising in the dome of the jugular bulb 
and involving the overlying cortical bone 

C1 Tumors eroding the carotid canal but not 
involving the carotid artery 

C2 Tumors involving the vertical petrous carotid 
artery 

C3 Tumors involving the horizontal carotid canal 
but not foramen lacerum 

c4 Tumors involving the foramen lacerum and 
cavernous sinus 

Class D Tumors with intracranial extension 

Del Extradural extension of <2 cm medial dural 
displacement 

De2 Extradural extension of >2 cm medial dural 
displacement 

Di1 Intradural extension of <2 cm 

Di2 Intradural extension of >2 cm 

Di3 Neurosurgically unresectable tumors 
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Glomus tympanicum 


Type 1 Small mass limited to the promontory 

Type 2 Tumor completely filling the middle ear 

Type 3 Tumor filling the middle ear and mastoid 

Type 4 Tumor completely filling the middle ear, extending 


into the mastoid or through the external auditory 
canal. May also extend anteriorly to involve the 
carotid artery 

Glomus jugulare 


Type 1 Small tumor involving the jugular bulb, middle ear, 
and mastoid 

Type 2 Tumor extending under the internal auditory canal. 
May have intracranial extension 

Type 3 Tumor extending to the petrous apex. May have 
intracranial extension 

Type 4 Tumor extending beyond the petrous apex into 


the clivus or infratemporal fossa. May have 
intracranial extension. 


superior, middle, and inferior vagal ganglia. There is a 
female preponderance of 3:1. Tumors originating superi- 
orly will often present with a dumbbell appearance with 
an intracranial component in the posterior cranial fossa. 
Tumors originating inferiorly will extend into the post- 
styloid compartment of the parapharyngeal space. Vagal 
paragangliomas are frequently associated with multiple 
cranial neuropathies at presentation in up to 50% of 
patients. The vagus nerve is affected most commonly, 
followed by the hypoglossal and spinal accessory (30) 
(Fig. 127.7). 


Diagnostic Imaging Studies 


Computed Tomography 

Computed tomography (CI) with contrast is an excellent 
imaging choice for the diagnosis and delineation of para- 
gangliomas. Since these tumors are highly vascular, early 
and intense contrast enhancement is seen. The relation of 
the tumor to the external and internal carotid arteries, as 
well as the jugular vein, makes this modality essentially 
diagnostic (31). The delineation of the pattern of invasion 
of the temporal bone and skull base is indispensable in 
treatment and especially preoperative planning for para- 
gangliomas. Carotid body tumors display the characteristic 
splaying of the internal and external carotid arteries by a 
well-circumscribed mass occupying the carotid bifurca- 
tion. Carotid body tumors displace the internal carotid 
artery posterolaterally. Vagal paraganliomas typically will 
displace the internal carotid artery anteriorly and occupy 
the high parapharyngeal space, with or without involve- 
ment of the skull base. Jugulotympanic paragangliomas 
can be distinguished in their early phases, especially when 
a tympanic paraganglioma is confined to the tympanic 
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Figure 127.7 Modes of spread for vagal paragangliomas. 


cavity. Characteristic patterns of bone destruction occur 
with jugulotympanic paragangliomas. These include ero- 
sion of the jugulotympanic spine, enlargement of the 
jugular foramen with bone destruction, and involvement 
of the middle ear and mastoid (31,32). Multiplanar recon- 
struction of high-resolution CT scans in the axial, sagittal, 
and coronal planes is of great assistance in the planning of 
operative management of these tumors. Middle ear and/ 
or eustachian tube involvement will create postobstructive 


fluid accumulation in the aerated spaces of the temporal 
bone, including the mastoid (Fig. 127.8). 


Magnetic Resonance Imaging 

Magnetic resonance imaging (MRI) is a complementary 
and equally important imaging modality in the evalua- 
tion and treatment of head and neck paragangliomas. MRI 
with gadolinium contrast serves three purposes: delinea- 
tion of the tumor in question, surveillance and detection 
of concurrent paragangliomas of the head and neck, and 
confirmation of the diagnosis of paraganglioma. The clas- 
sic, “salt and pepper” appearance of paragangliomas on 
T2-weighted images is due to the high-flow vascular voids 
that are essentially pathognomonic. Paragangliomas show 
intense signal enhancement with gadolinium contrast 
(33). Fat-suppressed sequences are exceptionally useful 
in delineating the extent of the tumor. Patterns of carotid 
artery displacement can be accurately determined distin- 
guishing carotid body tumors from vagal paraganglio- 
mas (33). More importantly, in tumors with intracranial 
extension, intradural versus extradural involvement can be 
appreciated, and the relationship of the tumor to impor- 
tant intracranial structures can be delineated. Specialized 
techniques such as MR angiography and contrast time- 
of-flight three-dimensional angiography increase the sen- 
sitivity of the diagnosis of concurrent tumors but do not 
supplant selective angiography in the preoperative plan- 
ning setting (34,35) (Figs. 127.9 and 127.10). 


Angiography 
With the evolution of detailed MRI and CT techniques, 
angiography plays a much more limited role in the 
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Figure 127.8 CT angiogram of a patient with a large paraganglioma. A: Volumetric surface ren- 
dering shows anterolateral displacement of the internal carotid artery (arrow) and narrowing of its 
lumen. Note the filling of the internal jugular vein (arrowheads) with contrast posterior to the com- 
mon carotid artery, demonstrating the high flow within this tumor. B: Coronal reformat demonstrates 
involvement of the jugular foramen (arrow) as well as the hypoglossal canal (arrowhead) by tumor. 
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Figure 127.8 (Continued) C: Sagittal reformat demonstrates cir- 
cumferential involvement of the internal carotid artery (arrow) with 
anterior displacement, with extensive involvement of the jugular 
foramen to its intracranial portion. 


diagnosis of head and neck paragangliomas but is of para- 
mount importance in preoperative planning for resection 
of these tumors. Angiography is essential in providing a 
detailed map of tumor blood supply and venous drainage, 
demonstrating the tumor flow dynamics and detailing the 
general vascular anatomy of the head and neck and intra- 
cranial space. Four-vessel cerebral angiography allows for 
qualitative and quantitative blood flow studies of the cere- 
bral circulation. Preoperative preparation through superse- 
lective embolization of the feeding arterial supply to the 
tumor decreases the risk of intraoperative blood loss. 
Arterial supply of carotid body tumors takes place 
directly from the feeding vessels to the carotid body that 
hypertrophies when a tumor is present (15,28,36). Arterial 
supply of jugulotympanic tumors is well defined when 
these tumors are early in their development and involve 
the ascending pharyngeal artery. As these tumors grow, they 
recruit additional blood supply that comes from the inter- 
nal carotid circulation via the caroticotympanic arteries. 
With invasion of the posterior fossa and medial exten- 
sion of the tumor toward the cavernous sinus, additional 
vascular recruitment is possible through the posterior cir- 
culation via the vertebral arteries through the clival anasto- 
moses as well as the cavernous sinus microcirculation. This 
is significant in the preoperative angiographic and emboli- 
zation management of these tumors. Assessing tolerance to 
interruption of the internal carotid artery is of paramount 
importance for extensive paragangliomas that involve the 
internal carotid artery that can be injured during surgery 


Figure 127.9 Jugular paraganglioma. A: Coronal enhanced fat-suppressed T1-weighted 
image shows avid enhancement with focal round flow voids (arrow) indicating large feed- 
ing vessels. B: Axial fat-suppressed T2-weighted image demonstrates the proximity of 
the tumor to the vertical portion of the petrous internal carotid artery (arrow) as well as 
the intracranial but extradural component of the tumor in the jugular foramen posteriorly. 
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Figure 127.10 Vagal paraganglioma. Sagittal (A) and coronal (B) enhanced fat-suppressed T1- 
weighted images demonstrate typical rostrocaudal growth. The internal carotid artery (arrow, A) is 


displaced anteriorly. 


or where a planned internal carotid resection is contem- 
plated. An angiographic balloon occlusion test involves the 
threading of a transfemoral catheter to the internal carotid 
and involves temporarily occluding the internal carotid 
artery, usually at the carotid siphon within the cavernous 
sinus to determine whether there will be neurologic deficit 
(9,11). Several modalities for neurologic monitoring dur- 
ing balloon occlusion testing of the internal carotid artery 
are available. In order of decreasing sensitivity, they are 
clinical neurologic examination, electroencephalography 
(EEG), and quantitative blood flow examination through 
xenon CT concurrent examination. Xenon CI angiography 
is a precise quantitative study with the best sensitivity but 
is cumbersome and rarely available (37,38) (Fig. 127.11). 


Radionuclide Imaging 

Radionuclide imaging of paragangliomas targets the bio- 
chemical pathways of catecholamine synthesis, storage, 
and secretion by chromaffin tumor cells. A variety of differ- 
ent imaging techniques exist: 

”31-metaiodobenzylguanidine (MIBG), '%F-3,4 dihy- 
droxyphenylalanine-positron emission tomography 
('8F-DOPA-PET), '8F-fluorodopamine ('*F-FDA-PET), 
'SF-fluoro-2-deoxyglucose ('*F-FDG-PET) and Indium 
octreotide scanning ('"In-octreoscan) (39,40). 

Different functional imaging agents target paragangli- 
oma tumor cells through different mechanisms. !*I- and 
1]-labeled MIBG and '*F-FDA are actively transported 
into neurosecretory granules of catecholamine-producing 
cells via the vesicular monoamine transporters after uptake 
into cells by the norepinephrine transporter. In contrast, 
18F-DOPA enters the cell via the amino acid transporter 
based on the capability of PGL and other neuroendocrine 


tumors to take up, decarboxylate, and store amino acids and 
their biogenic amines. Instead of targeting catecholamine 
pathways, '*F-FDG enters the cell via the glucose transporter, 
and its accumulation is an index of increased glucose metab- 
olism whereas “'In-octreoscan images indicate somatostatin 
type 2 receptors that are expressed in paragangliomas (9,10). 

In-octreoscan specificity and sensitivity is approxi- 
mately 90% in head and neck paragangliomas, which 
makes it a very effective way to screen for secondary tumors 
and postoperatively screen for recurrent disease when 
structural studies like CT and MRI may be compromised 
postoperatively. '**I-MIBG shows similar sensitivities and 
specificities. Malignant and metastatic paragangliomas are 
best imaged with '*F-FDG-PET, which shows sensitivities 
of 74% to 88% (9,10). 

It is increasingly understood that there is a link between 
genotype-specific tumor biology and imaging. For exam- 
ple, '*F-FDG-PET has an excellent sensitivity for paragan- 
gliomas due to SDHB-associated mutation. The SDHB gene 
encodes for subunit B of the mitochondrial SDH complex 
II that catalyzes the oxidation of succinate to fumarate in 
the Krebs cycle and feeds electrons to the respiratory chain, 
which ultimately leads to the generation of ATP (oxidative 
phosphorylation). SDHB mutations can lead to complete 
loss of SDH enzymatic activity in malignant paraganglio- 
mas, with up-regulation of hypoxic-angiogenetic respon- 
sive genes (23). Impairment of mitochondrial function 
due to loss of SDHB function may cause tumor cells to 
shift from oxidative phosphorylation to aerobic glycoly- 
sis, a phenomenon known as the Warburg effect. Higher 
glucose requirements for anaerobic metabolism explain 
the increased '8F-FDG uptake by malignant SDHB-related 
paragangliomas (40). 
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Figure 127.11 Balloon occlusion testing. A: Frontal angiographic image shows the inflated 
radiodense balloon in the proximal left internal carotid artery, occluding flow. B: Quantitative cere- 
bral blood flow images created by inhaling xenon gas during dynamic CT. The color images reveal 
reduced flow (blue instead of red) in the left MCA distribution. 
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Treatment 


Surgical resection has been the traditional treatment for 
paragangliomas of the head and neck. Microsurgical skull 
base techniques such as the Fisch infratemporal fossa 
approaches were developed to specifically resect tempo- 
ral bone paragangliomas (Fig. 127.12). The refinement of 
these surgical techniques with the assistance of preopera- 
tive embolization has significantly reduced morbidity and 
has minimized mortality associated with surgery. However, 
when complete tumor extirpation is contemplated, lower 
cranial nerve resection or inadvertent injury to the lower 
cranial nerves can result in significant morbidity affecting 
phonation and deglutition with a risk for aspiration. 

Radiation therapy, which was initially used for the treat- 
ment of unresectable tumors or for surgical treatment fail- 
ures, has become an acceptable treatment modality and has 
been incorporated into the treatment algorithms for head 
and neck paragangliomas. External beam radiation, intensity- 
modulated radiation therapy (IMRT), and, more recently, ste- 
reotactic radiation have all been used with excellent results. 

In deciding what modality of treatment to select, the fol- 
lowing factors should be taken into account: the patient’s 
age and medical comorbidities, the type of paraganglioma 
in question (vagal, tympanic, jugular, carotid body), the 
presence of concurrent paragangliomas, the extent of the 
tumor as well as any preoperative cranial nerve deficits, 
whether partial or complete. When surgery is contem- 
plated, a surgical team with experience in lateral skull base 
surgery, head and neck surgery and interventional neurora- 
diology is a requisite. 


Figure 127.12 Fisch classification of infratemporal 
fossa approaches. Type A, exposure to the level of the 
anterior eustachian tube, middle meningeal artery/fora- 
men spinosum. Type B, exposure to the foramen ovale, 
V3. Type C, exposure to the foramen rotundum, V2. 


Surgery 


Preparation for surgery requires angiographic evaluation 
for most paragangliomas. Anesthesia requirements should 
take into consideration tumors that may be actively secret- 
ing catecholamines, which will require alpha and beta 
adrenergic blockade. Continuous arterial pressure monitor- 
ing is required and transfusions may be necessary. Central 
venous pressure monitoring may be required depending 
on the underlying comorbidities. 


Angiographic Evaluation 


Superselective angiography is an invaluable adjunct for 
planning surgery in paragangliomas by providing an arte- 
rial map that identifies the feeding blood vessels as well as 
providing the flow dynamics to the tumor. This is especially 
useful in larger tumors where multiple feeding vessels from 
both the internal and external circulation may be pres- 
ent with anastomoses between the external and internal 
carotid systems (41). Similarly, the internal carotid artery 
can be evaluated for structural integrity and areas of con- 
striction or irregularity, which would imply involvement of 
the vessel and the potential need for sacrifice. The venous 
phase of angiography is equally important in identifying 
the draining vessels and, in jugulotympanic paraganglio- 
mas, the degree of occlusion of the jugular bulb, sigmoid 
sinus, and jugular vein. 

Equally important is the angiographic evaluation of ade- 
quate cerebral circulation in the event of internal carotid 
artery disruption or sacrifice. There are many methods 
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for assessing adequate contralateral cerebral circulation. 
Xenon CT scanning with concurrent balloon occlusion is 
a quantitative analysis of cerebral flow and is the most pre- 
cise method of cerebral circulation evaluation, though it is 
cumbersome and not readily available (37,38). Temporary 
balloon occlusion of the carotid with monitoring of the 
clinical neurologic examination in the presence of a patent 
circle of Willis is easier to perform and also very reliable. 
EEG monitoring can be performed during balloon occlu- 
sion as well as hypotensive challenge during the period of 
balloon occlusion. Approximately 93% of patients can tol- 
erate sacrifice of the carotid artery based on angiographic 
evaluation. It should be noted that intraoperative condi- 
tions may be different in terms of cerebral delivery of oxy- 
gen than those in the angiographic suite (11). Tolerance of 
temporary internal carotid occlusion does not predictably 
avoid the possibility of a delayed postoperative cerebrovas- 
cular ischemic event. The venous outflow of the ipsilateral 
and contralateral sigmoid and jugular systems should be 
noted, especially in jugulotympanic paragangliomas. Since 
there are anatomic variants, a contralateral hypoplastic or 
absent jugular system would be a contraindication for sur- 
gery as this would raise the possibility of a postoperative 
venous stroke unacceptably (42-44) (Fig. 127.13). 


Embolization 


Embolization is an exceptionally useful adjunct in the 
surgery of large paragangliomas. In experienced hands, it 
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carries very low morbidity. The risk of embolization is the 
escape of embolizing particles into the cerebral circulation 
thus causing a stroke. This can occur through external- 
internal carotid circulation anastomoses or flow reversal 
from the arterial supply of the tumor. The advantages of 
embolization are tumor shrinkage and decreased blood 
flow with profound surgical benefits. Less intraoperative 
bleeding diminishes the requirement of potential trans- 
fusions and provides for a much easier dissection with 
better-defined tissue planes leading to less risk to normal 
anatomic structures, including cranial nerves. Larger para- 
gangliomas have multiple arterial feeding vessels that need 
to be individually addressed through superselective angi- 
ography. In doing so, with each successive embolization 
of these vessels, additional compartments of the tumor are 
devascularized until finally with further injection of con- 
trast in the arterial circulation, there is absence of a tumor 
“blush.” Surgery should be performed within 48 hours of 
embolization to avoid recruitment of collateral circula- 
tion, and administration of steroids is useful in reducing 
the post-embolization inflammatory response (41,45) 
(Figs. 127.5 and 127.14). 


Surgery 

Carotid Body Tumors 

Smaller carotid body tumors can be approached through 
a transverse neck incision, larger ones through an oblique 
vertical incision along the anterior border of the sterno- 
cleidomastoid muscle. Proximal and distal dissection to 
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Figure 127.13 Variations of the intracranial poste- 
rior venous outflow system at the level of the trans- 
verse sinus, sigmoid sinus, and jugular bulb. Variations 
A and B would have a high surgical significance if a 
lesion were to involve the dominant side. 
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Figure 127.14 Preoperative em- 
bolization of a carotid body tumor. 
A: Pre-embolization lateral angio- 
gram shows early, intense blush 
reflecting high vascular flow with 
multiple collateral feeding vessels. 
B: Postembolization frontal angio- 
gram shows marked reduction in 
vascularity. The primary feeding 
vessel (arrow) terminates abruptly. A 


the tumor identifies the common carotid artery, internal 
and external carotid arteries, and jugular vein. Vessel loop 
control is applied. Carotid bypass precautions should be 
available. The entire course of the internal carotid artery 
is then exposed with the vessel being typically displaced 
posterolaterally. The dissection of the tumor is in the sub- 
adventitial plane and must be done with extreme care. The 
tumor may have to be split as it encases the internal carotid 
artery. In a similar fashion, the external carotid artery is 
then addressed. Encasement and infiltration of the exter- 
nal carotid artery may necessitate its sacrifice, though this 
should be avoided if possible. The dissection of the tumor 
at the bifurcation of the carotid is left last since this is the 
most vulnerable point for breaching the artery as it is inti- 
mately associated with the arterial wall where the tumor 
originates from the carotid body. The surrounding cranial 
nerves in carotid body tumors show marked hyperemia of 
their vasa nervosum of the nerve sheath. In larger tumors, 
these nerves may be intimately involved and their dissec- 
tion may cause dysfunction of the vagus, hypoglossal, and 
glossopharyngeal nerves. Ligation of the external carotid 
artery as a means to control blood flow to the tumor 
should be avoided as this maneuver does not affect tumor 
blood flow since collateral circulation may be profuse 
(Figs. 127.15 and 127.16). 


Jugulotympanic Paragangliomas 

Small tympanic paragangliomas (Glascock-Jackson type I, 
Fisch class A) can be approached through a transcanal/ 
inferiorly based tympanomeatal flap. Embolization of 
these tumors is not required. Bipolar electrocautery micro- 
forceps can be used to shrink the tumor and resect it. 
Larger tympanic paragangliomas confined to the middle 
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ear and/or mastoid without breaching the bone overlying 
the jugular bulb or the jugulocarotid spine can be exposed 
through a combined postauricular/endaural approach 
with a canal wall up mastoidectomy and extended facial 
recess approach inferiorly that sacrifices the chorda tym- 
pani and removes the vaginal process of the tympanic 
bone to expose the hypotympanum. 


Figure 127.15 Intraoperative picture of a carotid body tumor. 
Tenaculum is on the lateral tumor surface. Vessel loops are around 
the common carotid artery (inferiorly) and internal carotid artery 
(superiorly). 
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Figure 127.16 Decision analysis tree for the treatment of carotid body tumors. 


When the jugular bulb is involved, a combined 
temporal/cervical approach is required. An extended 
mastoidectomy and extended facial recess approach is 
performed with skeletonization of the sigmoid sinus and 
exposure of the jugular bulb through the retrofacial air 
cells. The internal carotid artery is dissected superiorly and 
controlled. Cranial nerves 9, 10, and 11 are identified and 
traced proximally and distally. The internal jugular vein 
is then ligated superiorly and dissected toward the jugu- 
lar bulb in the neck. The sigmoid sinus is occluded and 
ligated above the tumor extension. Contralateral venous 
outflow should be verified through preoperative stud- 
ies. When occlusion of the sigmoid sinus is performed, 
this should be done in a manner that avoids interfering 
with the outflow from the anastomotic vein of Labbe that 
drains the temporoparietal cortex, thereby avoiding the 
risk of a venous stroke (46). Once the sigmoid sinus is 
opened and the jugular vein is ligated inferiorly, hemo- 
static agents can be injected to gently occlude the inferior 
petrosal veins. Dissection of the tumor should proceed 
with irrigating bipolar electrocautery. At the level of the 
jugular bulb, the dissection should proceed with extreme 
caution since the cranial nerve rootlets of the glossopha- 
ryngeal and vagus are at their most vulnerable. In jugu- 
lotympanic paragangliomas, these rootlets are displaced 
medially and are thus in a favorable position. If the tumor 
does not extend into the pars nervosa/medial jugular bulb 


compartment, preservation of the cranial nerves is feasible 
and desirable (47). 

More advanced tumors that involve the vertical and/or 
horizontal petrous carotid artery with possible intracra- 
nial extension require a postauricular infratemporal fossa 
approach. These approaches begin with an extended mas- 
toidectomy, removal of the external auditory canal, tym- 
panic membrane, malleus, and incus. The external canal 
is permanently oversewn, which commits the patient to 
ipsilateral conductive hearing loss. The peritubal and peri- 
carotid air cells are removed and the intrapetrous carotid 
artery is skeletonized proximal to the tumor extent. This 
may involve sacrifice of the middle meningeal artery and 
removal of the foramen spinosum as well as the fora- 
men ovale if the tumor has extended toward the cavern- 
ous sinus. The tumor is removed from the carotid, middle 
ear, and sigmoid/jugular bulb/jugular vein (Fig. 127.17). 
Extension of the tumor to the medial jugular bulb compart- 
ment or intracranially places the nerve rootlets of cranial 
nerves 9, 10, and 11 in an unfavorable position, and more 
frequently than not these need to be sacrificed. If there is 
no such extension, an effort is made to gently dissect the 
tumor away from the nerves. The eustachian tube should be 
permanently occluded to avoid postoperative cerebrospi- 
nal fluid rhinorrhea. Intracranial extension is addressed by 
opening the dura in the presigmoid area down to the tumor 
extension at the level of the jugular bulb. Tumor extension 
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Figure 127.17 Schematic representation of a type B 
infratemporal fossa approach. Lateral temporal bone 
has been removed exposing the petrous carotid artery, 
jugular vein, jugular bulb, and sigmoid sinus. Facial 
nerve has been mobilized in its horizontal and verti- 
cal portions. The third division of the trigeminal nerve 
(V3) has been divided as well as the middle meningeal 
artery right behind it. MC, mandibular condyle; SCM, 
sternocleidomastoid muscle; ICA, internal carotid 
artery. 


toward the petrous apex and clivus may necessitate a 
translabyrinthine/transcochlear approach. In these 
approaches, the facial nerve is mobilized out of the fallo- 
pian canal in its vertical and horizontal portion to the genic- 
ulate ganglion. This will result in temporary facial paralysis 
due to interruption of the blood supply to the nerve as well 
as the retraction anterosuperiorly (15,28,48). Incomplete 
recovery of facial nerve function is a possible outcome. 
Reconstruction with temporoparietal fascia flap or tem- 
poralis muscle is done at the conclusion to assist healing 
and prevent a cerebrospinal fluid leak. Lumbar drainage 
for a limited period of time in the immediate postoperative 
recovery may be indicated for the prevention of a cerebro- 
spinal fluid leak. When cranial nerves have been sacrificed, 
immediate surgical amelioration with a concurrent vocal 
cord medialization and a pharyngoplasty with cricoesopha- 
geal myotomy at the same sitting have been recommended. 

Refinement of these surgical techniques includes the 
juxtacondylar approach as well as the transjugular craniot- 
omy (47). These modifications have in common the shift- 
ing of the surgical angle of approach more posteriorly. The 
advantages are that they obviate the need for facial nerve 
transposition and improve the control and preservation 
of the lower cranial nerves in the jugular foramen. The limi- 
tation is that they cannot address tumors that involve the 
petrous carotid artery. 


Vagal Paragangliomas 
Most vagal paragangliomas originate in the nodose (infe- 
rior) vagal ganglion, which is situated 2 cm below the 


jugular foramen. Their bidirectional growth along the 
vagus results in involvement of the jugular bulb superiorly 
and poststyloid parapharyngeal space inferiorly. The inter- 
nal carotid artery is displaced anteriorly (30). Vagal para- 
gangliomas originating in the superior and middle ganglia, 
which are situated within the jugular foramen, cause early 
skull base invasion with intracranial extension. The surgi- 
cal techniques to approach these tumors are identical to 
those for jugulotympanic paragangliomas when the skull 
base is involved. The inferior extent of vagal paraganglio- 
mas require detaching the digastric muscle from its origin 
and removing the styloid process to access the parapharyn- 
geal space extension. Sacrifice of the vagus nerve in these 
tumors is inevitable. With involvement of the jugular fora- 
men and skull base, additional cranial nerve deficits are to 
be expected as these tumors extend medial to the cranial 
nerve rootlets, within the pars nervosa of the jugular fora- 
men. 


Complications 


Vascular Injury 

Early surgical series for paraganglioma surgery reported a 
stroke rate of 10% to 20%. More recent series report a stroke 
rate of O% to 2%. With more recent diagnostic evaluations, 
preoperative planning, and microsurgical techniques, the 
risk of injury or need for internal carotid sacrifice is mini- 
mal. For carotid body tumors, the risk of injury and need 
for vessel sacrifice is size specific, with tumors larger than 
5 cm likely requiring carotid reconstruction. In addition, 
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preoperative findings of stenosis and irregularity on angi- 
ography and/or circumferential involvement on MRI with 
loss of the pericarotid advential plane should dictate pre- 
operative preparation for carotid resection and reconstruc- 
tion (49-52). 

Vagal paragangliomas differ from carotid body tumors 
and jugulotympanic paragangliomas as they are not inti- 
mately associated with the carotid artery. In advanced 
tumors, both vagal and jugulotympanic, the internal carotid 
artery can be completely encased in its petrous portion. 
With adequate surgical exposure and microsurgical tech- 
nique, injury should be infrequent in experienced hands. 
Internal carotid sacrifice in this location is fraught with 
problems, and therefore if sacrifice is contemplated, consid- 
eration for alternate treatment in these instances is impor- 
tant. If the vessel is at high risk for injury within the petrous 
carotid portion and the patient has safely passed balloon 
occlusion testing, permanent preoperative occlusion of the 
carotid distal to the tumor should be considered. 

More recently, a novel approach to the artery at risk is to 
place a vascular endoprosthesis and then perform the sur- 
gery several weeks later. Fibrosis around the self-expanding 
stent creates a leak-proof artery. This has the advantage of 
reducing blood flow to the tumor as well as preventing vas- 
cular injury (53). 


Baroreflex Failure 

Surgery for removal of bilateral carotid body tumors results 
in loss of the baroreceptor reflex with bilateral denerva- 
tion of the carotid sinus. In the immediate postoperative 
period, this results in labile refractory hypertension, tachy- 
cardia, diaphoresis, and headache, which may be managed 
with sodium nitroprusside. The long-term treatment is 
controlled with clonidine (54). Alternative therapy may be 
considered on one of the tumors to avoid long-term blood 
pressure lability. 


Cranial Nerve Injury 
The risk to the lower cranial nerves in surgery for paragan- 
gliomas is location specific and tumor size specific. The 
surgical treatment of the following tumors, in decreasing 
order, pose risk to the cranial nerves: vagal, jugulotym- 
panic, and lastly carotid body paragangliomas. Size of 
lesion is especially important in vagal and jugulotympanic 
paragangliomas. Tumors with extensive skull base involve- 
ment, intracranial, and/or infratemporal fossa extension 
are likely to have extensive involvement of the lower cranial 
nerves with at least one lower cranial nerve involved and 
often times multiple cranial nerve deficits preoperatively. 
Involvement of the facial nerve with preoperative paralysis 
is a sign of such extensive involvement (15,28,29,55,56). 
Postoperative individual cranial nerve deficits most 
often result in a temporary deglutition, phonation, tongue 
motion, and/or aspiration problem. Multiple cranial 
nerve deficits have additive effects and are poorly toler- 
ated. In older patients, recovery is often very difficult and 
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permanent aspiration requiring management with a gas- 
trostomy and tracheostomy is a possibility, especially 
in high vagal nerve injuries. Bilateral lower cranial nerve 
paralysis, especially of the vagus nerve as a result of therapy 
or progression of tumor in bilateral disease is a devastating 
injury that results in inability to swallow and phonate. 

The deficit in vagal nerve injuries is proportionate to the 
level of the injury. Low vagal nerve injuries distal to the 
origin of the superior laryngeal nerve will result in vocal 
cord paralysis that can be mitigated relatively easily. Injury 
to the vagus at the nodose ganglion or at the level of the 
jugular foramen results in vocal cord paralysis, anesthesia 
of the ipsilateral hemilarynx, supraglottic structures, and 
paralysis of the ipsilateral soft palate. The deficit results 
in aspiration due to lack of sensory input from the larynx 
with paralysis of the pharyngeal musculature and the vocal 
cord. In addition, there is air and food escape into the 
nasopharynx due to the paralysis of the soft palate. Vagal 
nerve injuries at the jugular foramen are often associated 
with glossopharyngeal nerve injuries, which add ipsilateral 
pharyngeal anesthesia, further compromising swallowing 
function. Superior vagal injuries require immediate and 
intensive swallowing therapy with surgical management of 
the vocal cord paralysis (Fig. 127.18). Most injuries at the 
level of the jugular foramen are permanent, and immedi- 
ate surgical management to mitigate deficits is indicated. 
Vocal cord medialization with a thyroplasty combined 
with cricopharyngeal myotomy will improve phonation 
and deglutition as well as minimize the risk of aspiration. 
An ipsilateral palatal adhesion procedure can mitigate 
the hypernasality in speech and nasal bolus escape dur- 
ing deglutition. Additional lower cranial nerve injuries are 
seen in 30% to 50% of patients with a vagal nerve injury 
significantly complicating recovery (57-60). 

Accessory nerve injury results in loss of trapezius and 
sternocleidomastoid muscle function. Physical therapy 
is required to avoid should pain secondary to shoulder 
“drop” and limitation of motion. If the nerve is injured 
below the jugular foramen it may be amenable to primary 
repair either directly or through a nerve graft (59). 

Injury to the hypoglossal nerve results in ipsilateral 
tongue paralysis. Hemiatrophy of the tongue is the even- 
tual outcome within a few months. When this is in com- 
bination with additional cranial nerve injuries swallowing 
therapy is of paramount importance in preventing aspira- 
tion. Swallowing therapy is directed at teaching the patient 
to move the bolus to the functioning side (59). 

Injury to the sympathetic chain is seen in approximately 
25% of patients postoperatively as a result of interruption of 
the sympathetic ganglia. This results in partial or complete 
Homer syndrome. The resultant ptosis can be easily recti- 
fied through a Muller muscle eyelid-tightening procedure. 
“First bite syndrome,” which is intense pain with the first 
bite, can develop as a result of denervation hypersensitivity 
of the myoepithelial cells of the parotid gland. This problem 
improves gradually and spontaneously in most patients. 
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Figure 127.18 Schematic representation of the afferent and efferent swallowing reflex. 


Postoperative cranial nerve deficits in carotid body 
tumor surgery are seen in up to 40% of patients and are 
associated with large tumor size. The majority of these defi- 
cits are transient and related to the manipulation of cra- 
nial nerves during dissection. Vagal nerve injury is most 
common. In jugulotympanic paragangliomas, the most 
common nerve deficit is also vagal (27%), followed by the 
glossopharyngeal (18%), the accessory, and hypoglossal 
(8%) (9-11,29,59). 


External Beam Radiation 

Paragangliomas are responsive to radiation treatment. On 
the basis of histologic studies, the primary effect of radia- 
tion is obliterative endarteritis at the capillary level, fol- 
lowed by fibrosis within several months. However, chief 
cells remain viable in the specimens studied following 
radiation. It is difficult to state whether these cells retain 
their capacity to proliferate. Traditionally, radiation was 
relegated for tumors that were deemed unresectable or 
tumors in elderly and medically infirm patients deemed 
not able to tolerate surgical resection. The optimal dose 
appears to be 45 Gy/over 5 weeks. 

Local control with radiation therapy is defined as tumor 
shrinkage or nonprogression. An analysis of 36 series with 
over 1,000 tumors treated spanning the period of 1964 to 
2001 shows an average local control of 90% with a range 
of 65% to 100%. Other reviews of the radiation therapy 
literature provide similar control rates of 90% and 91%, 
respectively. Follow-up in these series is wide, ranging from 
1.5 to 30 years. The intriguing aspect of radiation is the 
minimal additional damage to cranial nerves. New cranial 


neuropathies range from 1% to 4% with existing cranial 
neuropathies improving in an average 35%. The incidence 
of severe complications is 6% with a mortality of 0.6%. 
These include radiation osteoradionecrosis, temporal bone 
complications, and brain complications and are associated 
with older radiation techniques or higher radiation dos- 
ages. In addition, there are well recognized and reported 
cases of secondary malignancy from radiation to the tem- 
poral bone (61). 


Stereotactic Radiation 

The principle of stereotactic radiation is to deliver a one- 
time high dose of radiation to the target in question, which 
is highly focused and has a sharp drop off to spare sur- 
rounding normal tissue. This can be achieved through the 
Gamma Knife that utilizes cobalt as a source of radiation 
or radiation generated in a linear accelerator—LINAC. The 
advantages are similar to those of external beam therapy 
with preservation of cranial nerve function and minimal 
significant complications, in addition to the therapy being 
delivered in one sitting. This modality cannot be used for 
tumors larger than 4 cm and cannot be used for carotid 
body tumors as well as tumors that extend caudal to the 
skull base as they are out of the stereotactic frame field. 
Local control rates for stereotactic radiation range from 
82% to 100% albeit with limited follow-up ranging from 
19 months to 4.2 years (62-66). 


Treatment Comparisons 
The results of surgery, external beam radiation, and ste- 
reotactic radiation show similar efficacy in affecting cure: 
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approximately 90%. The definition of cure is different for 
surgery and radiation. Surgical cure is total resection with 
no evidence of tumor regrowth by serial radiologic imag- 
ing. With radiation, a fraction of tumors show some reduc- 
tion in size and the majority remain stable in size. Two 
more factors are important in interpreting results: recur- 
rences and disease progression. Tumor growth for paragan- 
gliomas is very slow with a mean growth rate of 1 mm/y 
and an average tumor doubling time of 4.2 years. In com- 
paring external beam radiation to surgery, the recurrence 
rates are similar at 7% to 8%, respectively. Salvage therapy 
for recurrent disease is effective in 88% of patients. Disease 
progression and death from paraganglioma tumor occurs 
in 2.5% of those treated by surgery and 6% of those treated 
by radiation (disease specific mortality). In comparing sur- 
gery versus stereotactic radiation, the control rate was 86% 
for surgery with an 88-month average follow-up versus a 
95% control rate for stereotactic radiation with a 71-month 
follow-up. Others have found a control rate of 92% versus 
97% for surgery versus stereotactic radiation, albeit with a 
shorter follow-up period (61). 


Treatment Strategies 

Patients presenting with signs and symptoms consistent 
with paraganglioma and patients referred for treatment 
with a radiographically confirmed paraganglioma should 
undergo a thorough history and examination. Attention 
should be focused on signs and symptoms of a secreting 
tumor, a familial history of paragangliomas, MEN type 2, 
and von Hippel-Lindau syndromes. Examination should 
focus on cranial nerve function, and any dysfunction 
should be documented thoroughly. Genetic testing for PGL 
gene should be done if there is a positive family history and 
other members of the family should be screened for para- 
gangliomas. Multiple paragangliomas can be screened by 
23]-MIBG or "In-octreotide scans as well as (18)F-DOPA 
PET scans. If malignant paraganglioma is suspected, (18) 
F-FDG PET scan should be the modality of choice. Twenty- 
four-hour urine as well as serum catecholamine screening 
for norepinephrine, epinephrine, and their metabolites 
should be performed to exclude a functioning tumor. 
Contrast-enhanced CT scans with thin cuts as well as MRI 
scans should be done for pretreatment evaluation. If sur- 
gery is contemplated, angiographic evaluation with super- 
selective embolization in preparation for surgery should be 
performed for the appropriately selected tumors. Similarly, 
cerebral angiography for adequacy of collateral blood flow 
and temporary balloon occlusion studies will be required 
in selected patients. A fine needle biopsy is not indicated in 
most instances as the radiographic studies are pathogno- 
monic (9,10,15,61). 

Noting that the definition of cure is different for surgery 
than radiation and assuming that the two are equal con- 
cerning “cure,” treatment algorithms can be constructed 
for paragangliomas that maximize the long-term control 
and minimize the potential morbidities of each modality. 
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Therefore, for unilateral small- to moderate-sized carotid 
body tumors as well as tympanic paragangliomas with- 
out cranial nerve dysfunction, primary surgery is the first 
line of choice. In bilateral carotid body tumors, surgery on 
both sides should be avoided because of labile hyperten- 
sion. However, this needs to be weighed against radiation 
risks for accelerated atherosclerosis and radiation-induced 
malignancy risk especially in young patients. Radiation 
therapy is a highly effective treatment for jugulotympanic 
and vagal paragangliomas without cranial nerve dysfunc- 
tion. For patients with jugulotympanic as well as vagal 
paragangliomas, surgery should be the primary modality 
when lower cranial nerve dysfunction is present, especially 
vagal paralysis. Radiation therapy as a primary modality is 
best suited for those who have medical comorbidities and 
those who have no lower cranial deficits at presentation. 
Elderly patients can either be observed or treated with radi- 
ation as the primary treatment. Salvage therapy for recur- 
rent tumors should be offered (Figs. 127.16 and 127.19). 

Catecholamine-secreting tumors should be managed 
by surgery as primary treatment as these tumors continue 
to secrete after radiation despite radiographic evidence of 
arrest of growth (61). 

Paragangliomas suspected or proved to be malignant, 
either by fine needle biopsy of suspicious lymph nodes 
and/or positive PET-FDG scans, should also be managed 
by surgery as the primary modality, given the unknown 
response rate to radiation alone as well as the frequent 
need to perform neck dissection for staging and compre- 
hensive treatment. Additionally, in patients who have been 
genetically screened and found to have a PGL4 mutation, 
because of the marked increase in incidence of malignant 
paragangliomas, surgery should be considered as the first 
line of treatment. 

Finally, despite advances in surgical treatment as well 
as radiation techniques, these tumors have the potential 
for significant morbidity. Overriding factors such as the 
patient’s wishes, the patient’s lifestyle, and family support 
structure may alter the treatment choices. Regardless of 
the modality of treatment, long-term follow-up with serial 
scanning is indicated. 


HEMANGIOPERICYTOMA 


Hemangiopericytoma (HPC) is an uncommon tumor that 
arises from the pericytes of Zimmerman that are found 
spiraling around capillaries and postcapillary venules. The 
function of the cell is to control vascular tone in these cap- 
illary beds and this tumor can theoretically arise wherever 
capillary beds are found. HPC was first described by Stout 
and Murray in 1942. The pathologic diagnosis is vex- 
ing and frequently confused with synovial cell sarcoma, 
epithelioid hemangioendothelioma and solitary fibrous 
tumor (SFT). The architectural pattern of HPC is similar 
to that of other mesenchymal neoplasms, for example, 
sarcomas (67). 
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Figure 127.19 Decision analysis tree for the treatment of vagal and/or jugular paragangliomas. 


An ongoing debate currently exists among sarcoma 
experts as to how best to classify HPC and SFT. Because 
of the large overlap of morphologic and clinical features 
between HPC and SFI and a lack of clear diagnostic crite- 
ria, the two entities have been frequently misdiagnosed for 
each other. In the most recent WHO classification of soft 
tissue sarcomas, the concept of HPC as a vascular, pericyte- 
derived tumor was abandoned in favor of a fibroblastic cell 
of origin, thus aligning HPC more closely with SFI. SFT 
in particular displays two different types: a fibrous variant 
and a cellular variant. The latter is virtually indistinguish- 
able from HPC. The current paradigm tends to view HPC 
and SFT as a spectrum of a single entity (68). 

The diagnosis of HPC is one of exclusion and relies on 
the presence of characteristic histologic features. Older 
studies have characterized a low-grade versus a high-grade 
variant of this tumor based on the presence and number 
of mitoses, presence of necrosis, and cellular anaplasia. 
Ten-year survival was markedly different between the two 
groups: 77% for those with low grade, versus 29% for those 
with high-grade tumors. More recently, reverse transcriptase 
polymerase chain reaction has helped distinguish HPC vari- 
ants such as lipomatous HPC, glomangiopericytoma, and 
myopericytoma, which have a much more benign course 
and require much less aggressive therapy than HPC (68). 

Of interest is that an infantile or congenital HPC exists 
that differs substantially clinically and pathologically from 


the adult form. Congenital HPCs are predominantly sub- 
cutaneous head and neck lesions that display an indolent 
behavior despite worrisome histologic features such as 
extensive necrosis and hemorrhage, hypercellularity, and 
increased mitotic figures. These tumors spontaneously 
regress and behave biologically in a much more benign 
fashion despite their aggressive histologic features (69). 
Similarly, sinonasal HPCs behave biologically in a more 
benign fashion than other head and neck sites (70,71). 

Overall, it is difficult to predict biologic behavior of the 
HPC on conventional histopathologic parameters. 


Clinical Behavior 


In descending order of frequency, these tumors occur in 
the extremities, particularly the lower extremity, the pel- 
vis and retroperitoneum, the head and neck as well as the 
meninges. Fifteen percent to twenty-five percent of these 
tumors occur in the head and neck. Meningeal HPCs were 
initially thought to be variants of meningioma (hemangio- 
blastic meningioma) and were reclassified by the WHO in 
1993. In the head and neck, they can be mucosal, arising 
in the sinonasal tract as well as the oral cavity or in the soft 
tissues of the neck, particularly of the scalp. Orbital HPC 
tumors have also been described. Sinonasal HPCs behave 
clinically in a less aggressive fashion with lower rates of 
metastases (72,73). 
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Overall, the clinical course of HPC may vary from indo- 
lent, with a low rate of local recurrence, to aggressive, with 
rapid development of metastases. 

The tumor presents most frequently as a painless mass, 
predominantly in the sixth and seventh decades with a 
median age of 45 at presentation and no sex predilection. 
Pain is associated with advanced presentation. Satellite 
nodules around the primary tumor can be frequently seen, 
though they are not specific for this lesion. The etiology of 
HPC is unknown, although the presence of HPC has been 
linked to trauma, prolonged steroid use, and hormonal 
imbalance. 


Treatment 


No treatment modality for HPC/SFT has been evaluated 
prospectively, but several retrospective analyses suggest that 
complete surgical resection of the tumor, whenever possible, 
should be the treatment of choice. Earlier studies have dem- 
onstrated an overall 10-year survival of 54% to 89% after 
complete surgical resection. However, it is worth noting that 
earlier series may include patients who were histologically 
classified as an HPC when in fact these tumors were sarco- 
mas. The rate of regional metastasis from HPC is low, and 
most patients fail at a local or distant site. Local recurrence 
and distant metastases are often noted after a significant 
disease-free period, which necessitates continuous surveil- 
lance. Series have shown that over 80% survival rates have 
been faulted by limited follow-up, especially for a tumor 
that has indolent and unpredictable behavior (72,74-76). 

In comparison with other soft tissue sarcomas, HPCs 
fare much better in terms of recurrence and overall sur- 
vival. Development of distant metastatic disease is a poor 
predictor of survival. 

Management of HPC/SFT patients who develop locally 
recurrent or metastatic disease has been challenging, for no 
clearly effective therapy exists. Re-resection and/or metas- 
tasectomy can lead to improvement in tumor-free survival 
and should be considered if technically feasible. 


Radiation Therapy 


Radiation therapy has been used, both as adjuvant therapy 
in patients considered at risk for local recurrence and as pri- 
mary therapy in unresectable cases. The best evidence for 
effectiveness of external beam radiation is for meningeal 
HPCs. In one study with long follow-up, adjuvant exter- 
nal beam radiation extended the disease-free interval from 
154 months to 254 months, providing patients with an 
increased recurrence-free interval and overall survival (72). 


Chemotherapy 


Conventional chemotherapy for HPC is based on anthra- 
cycline agents that involve significant toxicity. Limited data 
are available for the effectiveness of systemic chemother- 
apy in advanced HPC. Although a few responses have been 
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reported, systemic chemotherapy has not shown signifi- 
cant clinical response, and its effects on disease progression 
and/or survival advantage are difficult to prove (77,78). 
More recently, inhibition of angiogenesis pathways 
with monoclonal antibodies has provided a target for this 
tumor with limited but promising data for disease stabili- 
zation. In a study of temozolomide and bevacizumab for 
both HPCs and SFTs considered unresectable, disease sta- 
bilization was demonstrated. These agents had a 10% mor- 
tality in this cohort of medically compromised patients. 
Bevacizumab is a recombinant monoclonal antibody that 
targets VEGE a key mediator of a signaling pathway that 
affects many vital cellular processes, including angiogen- 
esis and vascular permeability. Bevacizumab has shown 
antitumor activity when combined with a number of cyto- 
toxic chemotherapeutic agents. Other specific target agents 
that have been used are sunitinib, sorafenib, and pazo- 
panib, which target broadly the tyrosine kinase receptors 
and block multiple pathways of tumorigenesis. The results 
of these studies are difficult to extrapolate to this specific 
tumor because of its rarity and the fact that it is included in 
studies that include multiple soft tumor types (79). 


ANGIOSARCOMA 
Epidemiology 


Angiosarcomas are a subtype of soft tissue sarcoma and 
are aggressive malignancies arising from the vascular endo- 
thelium of blood vessels or lymphatics. Fewer than 5% of 
all soft tissue sarcomas occur in the head and neck, and 
approximately 10% of these head and neck soft tissue 
sarcomas are angiosarcomas (80). Angiosarcomas are the 
fourth most frequent sarcoma of the skin, after Kaposi sar- 
coma, dermatofibrosarcoma protuberans, and leiomyosar- 
coma. The incidence of angiosarcoma has risen over the 
past 30 years, but whether this is a true increase is unclear. 
The rise could be related to greater use of radiotherapy and 
improved diagnosis. Angiosarcomas have a similar distri- 
bution between sexes, can develop at any age, and are more 
common in older patients. Angiosarcoma can arise in any 
soft tissue structure or viscera, and cutaneous angiosarco- 
mas typically involve the head and neck, particularly the 
scalp. Cutaneous head and neck angiosarcomas account 
for 62% of all angiosarcomas, have a male predilection, 
and 88% occur in the Caucasian population (81). 


Treatment Is Challenging and Prognosis Is Poor 
Angiosarcomas of the face and scalp are insidious, and their 
clinical presentation varies widely. In their early stages, they 
frequently appear clinically innocent and may even show 
benign capillary hemangioma-like structures histologically. 
There is a frequent delay in clinical diagnosis. This pattern, 
however, is deceiving because angiosarcomas usually have 
an aggressive course. Tumor cells are located mainly in the 
dermis and may extend into the subcutaneous tissue. 
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Results of treatment are difficult to interpret due to the 
rarity of the tumor and paucity of adequate studies. There 
have been no phase-3 and few phase-2 treatment trials in 
angiosarcomas. In the past, the prognosis of cutaneous 
angiosarcoma was considered extremely poor, with an 
overall 5-year survival rate less than 20%. Age, (less than 50 
years), tumor stage (localized), and anatomical site (trunk) 
confer a favorable prognosis. Locations other than the 
head and neck (i.e, trunk and extremities) confer a better 
survival prognosis, which is similar to Merkel cell carcino- 
mas. The tendency of angiosarcoma for early regional and 
distant metastases, as well as local recurrences after years of 
apparent remission, is well recognized (81,82). 


Etiologic Factors 


Most angiosarcomas arise spontaneously, but there are 
a few reports of malignant transformation within pre- 
existing benign vascular lesions. Several well-described risk 
factors exist (Table 127.5). 

Chronic lymphoedema of any origin is associated 
with the development of angiosarcoma, (Stewart-Treves 
syndrome). Lymphoedema caused by Milroy disease and 
chronic infections, such as filariasis, have been linked to 
the development of angiosarcomas. 

Radiotherapy is an independent risk factor. Although 
the association between radiotherapy and subsequent 
angiosarcoma is best described for breast cancer therapy, 
it is not exclusive to breast lesions (82). In a review of the 
Surveillance of Epidemiology and End Results (SEER), 
data showed an increased risk of soft tissue sarcomas 
(particularly angiosarcomas) after adjuvant radiother- 
apy, with a peak incidence 5 to 10 years after treatment. 
Angiosarcoma of the breast is associated with previous 
treatment by radiation with subsequent lymphoedema as 
well as treated breast cancers with mutations in the DNA 
repair genes, BRCA1 and BRCA2. Other familial syndromes 


RISK FACTORS FOR 
‘77-5 ANGIOSARCOMA 


Chronic Lymphoedema (Stewart-Treves syndrome) 
Postsurgery or radiation therapy 
Milroy syndrome (congenital lower extremity lymphoedema) 
Filariasis (parasitic lymphoedema) 
Carcinogens 
Vinyl chloride 
Thorium dioxide 
Arsenic 
Anabolic steroids 
Foreign bodies 
Syndromes 
Neurofibromatosis type 1 
Maffucci syndrome 
Klippel-Trenaunay syndrome 
BRCA-1 or BRCA-2 mutations 


such as Maffucci syndrome and Klippel-Trenaunay have 
been associated with increased incidences of angiosar- 
coma (81,82). 

Various chemicals are associated with the develop- 
ment of angiosarcomas, particularly within the liver. 
Occupational exposure to vinyl chloride as well as tho- 
rium dioxide is associated with hepatic angiosarcomas. 
Exposure to arsenic, radium, and anabolic steroids is 
also associated with angiosarcomas. Reports of angiosar- 
coma associated with foreign bodies include accidentally 
retained surgical gauzes as well as surgical prostheses (82). 


Pathology 


Angiosarcomas are infiltrative and do not have a capsule or 
a clear border. 

Abnormal, pleomorphic, malignant endothelial cells 
are the hallmark of angiosarcoma and can have an epithe- 
lioid appearance. In well-differentiated tumors, abnormal 
endothelial cells retain vascular structures with function- 
ing vascular channels. With increasing dedifferentiation, 
the vascular architecture disappears with abnormal cells 
becoming multilayered and forming papillary-like projec- 
tions. In poorly differentiated areas, the malignant endo- 
thelial cells form continuous sheets with areas of necrosis, 
which can make differentiation from anaplastic carcinoma 
or melanoma difficult (82). 

Angiosarcomas typically express endothelial markers 
including von Willebrand factor, CD34, CD31, Ulex euro- 
paeus agglutinin 1, and VEGE Immunohistochemistry 
is therefore important in confirming the diagnosis. von 
Willebrand factor, U europaeus agglutinin 1, and CD31 
are the most useful markers in poorly differentiated cases. 
However, progressive tumor dedifferentiation can lead to a 
loss of these markers. The absence of melanocytic markers 
(S100), human melanoma black-45, and melanoma anti- 
gen can help distinguish angiosarcoma from melanoma. 
Additionally, epithelioid angiosarcomas can express cyto- 
keratins, leading to confusion with poorly differentiated 
carcinomas (82,83). 


Molecular Studies 


Because angiosarcomas are endothelial-cell tumors, there 
is great interest in the role of angiogenesis and the angio- 
genic factors associated with their pathogenesis, and how 
they might be used as targets for treatment. VEGF and its 
receptors can be overexpressed in angiosarcomas. VEGF-A 
is the most studied cytokine and is consistently expressed 
at higher concentrations in angiosarcomas than in benign 
vascular or normal-tissue controls (82). 

All three subtypes of VEGF receptors (VEGFRs) have 
been detected in angiosarcomas. VEGF-A expression is cor- 
related with VEGFR-1 expression, VEGFR-2 is correlated 
with prognosis, and the loss of expression of VEGFR-2 is 
associated with a significantly poorer prognosis (84,85). 
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Activation of the RAS pathway is often tumorigenic. 
Although immortalized murine endothelial cells form 
benign hemangiomas in vivo, the addition of activated 
HRAS produces rapidly growing, poorly differentiated 
angiosarcomas. In clinical cases, KRAS mutations have 
been reported in liver and cardiac angiosarcomas. 

Consistent with the invasive and metastatic poten- 
tial of angiosarcoma, overexpression of the transcription 
factor ETS1 results in increased production of metallo- 
proteinases (particularly MMP1, MMP3, and uPA), result- 
ing in increased extracellular proteolysis and decreased 
amounts of the major basement membrane components. 
Angiosarcomas recruit inflammatory cells, particularly 
mast cells, that drive positive feedback loops by causing 
further release of cytokine growth signals, including basic 
fibroblast growth factor (bFGF) and VEGF (79,85,86). 

Because of the success of KIT-tyrosine-kinase inhibitors in 
treating some other sarcomas, investigators have studied KIT 
expression in various forms of angiosarcoma. Results pooled 
from three separate series showed KIT positivity in 50% of 
the samples examined. KIT-mutation analysis has been done 
for a handful of angiosarcomas; however, no unique abnor- 
malities to angiosarcomas have been to date identified. 
Conversely, although angiosarcomas are tumors of malig- 
nant endothelial cells, increased expression of angiogenic 
cytokines, including VEGF and its receptors, bFGE platelet- 
derived growth factor (PDGF), and the angiopoietin system, 
have been reported in other cancers including soft tissue sar- 
comas of nonendothelial vascular origin (79,85,86). 

Pathologically, the distinction between angiosarcoma and 
a benign capillary lesion or an HPC or Kaposi sarcoma is dif- 
ficult and fraught with error on routine light microscopy. 


Staging 


Soft tissue sarcomas are staged using the International 
Union Against Cancer and American Joint Committee on 
Cancer (UICC/AJCC) system. This is based on the TNM 
(tumor-node-metastasis) staging system (Table 127.6). 
Angiosarcomas are not graded according to histology as they 
all are considered high grade. Various authors have tried stag- 
ing angiosarcomas, and in a review of the SEER data, three 
stages were identified: local, regional, and distant disease. 

Approximately 10% of patients with head and neck 
angiosarcoma will show regional metastases at presentation. 
Eighty-two percent of primary tumors are larger than 5 cm 
at presentation. Satellite lesions are seen in 46% of patients 
and these are an ominous prognostic sign. Approximately 
10% of patients will have distant metastases at presenta- 
tion. The lungs followed by the liver and bones are the most 
common sites of distant metastatic disease (81). 


Treatment 


There are no randomized trials and few prospective stud- 
ies; most published reports of angiosarcoma treatment are 
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TNM SARCOMA STAGING 


Primary tumor cannot be assessed 
No primary tumor found 

Tumor <5 cm diameter 

Tumor >5 cm diameter 


Cannot be assessed 
No regional lymph-node involvement 


N1 Regional lymph-node involvement 
M stage 

Mx Cannot be assessed 

MO No distant metastasis 

M1 Distant metastasis 


retrospective case series. Treatment guidelines for angiosar- 
coma have been included in guidelines for other soft tis- 
sue sarcomas. Such guidelines have been published by the 
European Society for Medical Oncology and the National 
Comprehensive Cancer Network. 

Radical surgery with complete (RO) resection is the primary 
treatment of choice. Involved margins (R1 or R2 resection) 
are common because of the invasive and often multifocal 
nature of angiosarcomas, which confer a worse prognosis. 

Wide margins are recommended but are difficult to 
achieve in the head and neck and particularly the scalp 
because of extensive microscopic spread, surrounding 
function—critical structures, and cosmesis. Compounding 
this problem is the inability of intraoperative frozen sec- 
tion to evaluate correctly for microscopic margins. In 
one study, the negative predictive value of frozen section 
was 33.3% with 79% of patients having residual micro- 
scopic disease despite multiple attempts at achieving clear 
microscopic margins (80). Therefore, what appears to 
be a clinical T1 stage will be very frequently upstaged to 
a pathologic T2 stage in angiosarcoma. Because of these 
limitations, the use of Mohs surgery does not confer an 
advantage in treatment. 

Some have argued that since an RO resection rarely 
results in clear margins of resection, the goal should be an 
R1 or R2 resection with rapid wound closure to expedite 
adjuvant therapy. However, with the availability of reliable 
free tissue transfer to close large wound defects, margins 
need not be compromised for prompt delivery of adjuvant 
therapy (Figs. 127.20 to 127.22). 

Additional surgery in locally recurrent disease to achieve 
a pathologic complete resection may improve survival. 
Because of the high risk of local recurrence, adjuvant radio- 
therapy, with large doses (greater than 50 Gy) and wide 
treatment fields, is recommended. Radiation treatment 
alone is generally thought to be inadequate treatment for 
angiosarcoma and further radiotherapy is usually avoided 
for radiation-induced angiosarcomas (84). 
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Extensive recurrent angiosarcoma of the scalp. 


Chemotherapy has not been shown to improve either 
overall or disease-specific survival in large series and there 
is no convincing evidence to support the use of chemother- 
apy in the neoadjuvant or adjuvant setting after definitive 
surgery and radiotherapy for angiosarcoma. However, in 
view of the risk of distant metastasis, in the setting of local 
failure, a compelling argument can be made for adjuvant 
chemotherapy. 

Chemotherapy is the primary treatment option for met- 
astatic angiosarcoma, although the evidence base for this is 


Same patient as in Figure 127.20 after resec- 
tion including sagittal craniectomy. 


Same patient as in Figures 127.20 and 127.21 
after reconstruction with a latissimus dorsi free flap. 


limited. Drugs that have been used include: doxorubicin, 
ifosfamide, and taxanes. Many angiosarcoma patients are 
elderly, so comorbidities and the risk of treatment-related 
toxicity can limit the use of chemotherapy. 

In soft tissue sarcomas, doxorubicin and ifosfamide as 
single drugs show response rates of 16% to 36% (87,88). 
Combination chemotherapy is associated with increased 
toxicity but not necessarily with better outcomes. The addi- 
tion of cisplatin, vinorelbine, and gemcitabine to doxoru- 
bicin and ifosfamide has shown no proven benefit to the 
treatment of angiosarcoma. Liposomal doxorubicin has 
the theoretic advantage of higher vascular tissue accumula- 
tion of the drug (89). 

Response rates for taxane-based drugs in other soft tis- 
sue sarcomas have been disappointing, but taxanes have 
antiangiogenic activity and are therefore of particular inter- 
est in the management of angiosarcomas. The results have 
been mixed with studies reporting short-lived response 
rates of 63% to 75% and small gains in progression-free 
intervals (90). In one study, though the response rate was 
low at 17%, three patients with otherwise unresectable dis- 
ease went subsequently to surgery with complete patho- 
logic response (91). 


Biologic Molecules 
Although the pathogenic pathways underlying angiosar- 
coma are not fully understood, there is interest in explor- 
ing the potential of antiangiogenic molecules in the 
treatment of angiosarcomas. Encouraging reports on the 
use of the VEGF-A monoclonal antibody, bevacizumab, 
include one of two patients with nasal angiosarcomas 
who achieved pathologic-complete responses to treatment 
with bevacizumab and radiotherapy (92,93). A phase 1/2 
study of bevacizumab, in combination with docetaxel and 
gemcitabine chemotherapy in advanced and recurrent soft 
tissue sarcomas, included three angiosarcomas, with com- 
plete responses reported in two of them (87). 

There is evidence to suggest activity of the targeted 
treatments, bevacizumab and sorafenib, in angiosar- 
coma; however, biologic agents are not recommended, 
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either as monotherapy or in combination with cytotoxic 
chemotherapy, outside of clinical trials. 


Results 

Disease variables that affect survival in angiosarcoma 
of the head and neck include: anatomic location, size of 
tumor at presentation, presence of regional or distant met- 
astatic disease, presence of satellite lesions as well as age at 
presentation. 

In the SEER study, head and neck angiosarcomas had a 
13.8% 10-year relative survival rate, whereas tumors aris- 
ing in the trunk resulted in a 75.3% 10-year survival rate. 
Angiosarcomas of the scalp are particularly problematic. 
Patients with scalp angiosarcoma show significantly poorer 
prognosis than patients with angiosarcoma of the face. Size 
of lesion at presentation shows significant difference in 
survival and this is more pronounced for the scalp. Patients 
with T1 lesions have a 71.4% disease survival rate versus 
those with T2 lesions who show a 9.5% survival rate (81). 

Overall patients with angiosarcomas localized to the 
skin show a 54% 10-year relative survival rate, those with 
regional metastases a 19% 10-year relative survival rate, 
and those with distant metastases a 6.1% survival rate (81). 

The vast majority (85%) of patients with angiosarco- 
mas of the skin are older than 60 years. The SEER epide- 
miologic data show that patients younger than 50 years 
have a 10-year relative survival rate of 71.7%, whereas 
patients 50 years and older have a 36.8% 10-year survival 
rate (81). 

Disease relapse occurs frequently, and in one large 
series, 53% developed local recurrence, 36% developed 
distant metastases, and 21% developed regional metas- 
tases. Overall, almost two-thirds of patients experienced 
local recurrence of their disease, and 36% developed 
distant metastases. Isolated local recurrence portends a 
poor prognosis that leads to the development of distant 
metastases. This highlights the critical role definitive local 
management plays in controlling this disease. Most local 
relapses occur in the first 5 years (92%), but local relapses 
up to 10 years after successful initial treatment have also 
been reported. Similarly, the interval for distant metastases 
after successful treatment spans to 10 years (80,82,94,95). 


JUVENILE NASOPHARYNGEAL 
ANGIOFIBROMA 


Epidemiology and Pathogenesis 


Juvenile nasopharyngeal angiofibromas (JNAs) are rare 
fibrovascular tumors that account for less than 0.5% of all 
head and neck tumors. The incidence of JNA is approxi- 
mately 1:150,000, and it affects adolescent boys and men 
between the ages of 14 and 25 years. Rare cases have been 
reported in men over 25 years old and in adolescent girls. 
Although benign, they are locally invasive with a capacity 
for extensive bone destruction and remodeling (96,97). 
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The most widely accepted theory of formation of JNA is 
that the tumor originates from embryologic chondrocarti- 
lage during the development of the cranial bones. The site 
of origin is the superior margin of the sphenopalatine fora- 
men, which is formed by the junction of the palatine bone, 
horizontal ala of the vomer, and the root of the pterygoid 
process (98). 

Histologically, JNA shows a biphasic pattern. There is a 
component of fibrous stroma of spindle cells in a dense col- 
lagen matrix and a component of a rich network of vascular 
channels of varying sizes in clusters. These vascular chan- 
nels lack the surrounding smooth muscle of normal blood 
vessels and it has been theorized that this is related to their 
capacity to profusely bleed when surgically manipulated. 
JNAs are nonencapsulated and are mucosa covered on their 
nasal and nasopharyngeal aspect (99,100). 

Because of this tumor’s sex selectivity and young age 
at diagnosis, early research focused on steroid hormones. 
Trials of estrogen treatment showed variable response of 
JNAs to this therapy and have been largely abandoned. 
Accelerated tumor growth was described with testosterone 
treatment that led to studies of flutamide (antiandrogen) 
treatment preoperatively that showed minimal tumor 
reduction. More recently, androgen receptors have been 
identified suggesting that JNA may be androgen dependent 
(101). Angiogenic and growth factors have also been stud- 
ied, and bFGF and transforming growth factor-beta 1 have 
been found in the stromal component of JNAs implicat- 
ing these growth factors in tumorigenesis. VEGE as well as 
VEGFR-2, and PDGF have been found in the vascular com- 
ponent of JNAs (102). Chromosomal studies of JNA show 
that DNA gains are remarkably more common than DNA 
losses, with loss of chromosome Y reported in all these 
studies. The association of JNA with familial adenomatous 
polyposis has been a focus of studies on the adenomatous 
polyposis coli tumor suppressor gene (APC) located on 
chromosome 5q21. The APC gene regulates the level of 
beta-catenin, which in turn regulates cell-cell adhesion as 
well as an activator of the Wnt signaling pathway impli- 
cated in carcinogenesis (97,103). Beta-catenin products are 
found in the majority of JNAs in the stromal but not vas- 
cular component of the tumor. Furthermore, beta-catenin 
functions as a coactivator of androgen receptor that may 
possibly increase tumor androgen sensitivity. Other studies 
have focused on the oncogenes C-KIT and C-MYC that reg- 
ulate cell differentiation, cell proliferation, and apoptosis 
among numerous other functions (100). JNAs are positive 
for these oncogenes again in the stromal compartment. 
Though the molecular tumorigenesis of JNAs remains 
elusive, these studies collectively suggest that the stromal 
component of the tumor is the neoplastic element of JNAs 
and that deregulated vessel growth is driven by stromal 
growth factors. Furthermore, the loss of chromosome Y 
and the presence of androgen receptors and beta-catenin 
suggest an androgen-related pathophysiologic response of 
these tumors (97). 
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Patterns of Growth 


Although histologically benign, the tumor exhibits 
aggressive local behavior with extensive bone erosion 
and remodeling and extensive invasion of adjacent 
structures. The location of origin of JNAs allows these 
tumors to spread simultaneously toward multiple loca- 
tions that can involve the nasopharynx, nasal cavity and 
paranasal sinuses, the infratemporal fossa, and inferior 
orbital fissure via the pterygomaxillary fissure as well 
as the skull base and splanchnocranium. However, the 
early stages are characterized by an indolent growth 
phase with minimal symptoms. These include unilateral 
nasal obstruction and epistaxis that tend to be ignored 
for prolonged periods of time. This is why the major- 
ity of patients present with advanced disease. Significant 


morbidity can occur in the later stages of growth, and 
even death from hemorrhage and/or intracranial exten- 
sion (Fig. 127.23). 

Medial growth of the tumor fills the nasopharynx and 
ipsilateral nasal cavity. Anterior growth invades the pos- 
terior aspect of the maxillary sinus and more superiorly 
the ethmoid air cells. With lateral growth, the pterygoid 
plates are eroded, and the tumor extends into the ptery- 
gomaxillary fissure. From here it invades the infratemporal 
fossa and gains access to the inferior orbital fissure with 
erosion of the greater wing of sphenoid. The orbit is fre- 
quently involved through the inferior orbital fissure as well 
as through the lamina papyracea from the ethmoid tumor 
component. When the orbit is involved, additional symp- 
toms of diplopia, visual loss, and proptosis may develop. 
Proptosis may be due to increased orbital volume from 


Figure 127.23 Recurrent juvenile nasopharyngeal 
angiofibroma. A: Axial bone-window CT demonstrates a 
widened pterygopalatine fossa (arrow) and extensive skull 
base erosions in the body of the sphenoid. B: Coronal 
enhanced T1-weighted image demonstrates extensive 
intracranial involvement with abnormal dural enhancement 
(arrowheads). C: Coronal T2-weighted image demonstrates 
invasion of the cavernous sinus (arrow) and the infratemporal 
fossa (arrowhead). 


Chapter 127: Vascular Tumors of the Head and Neck 


Posterior communicating 


Opthalmic 


Inferior lateral trunk 


Anteromedial 


Accessory 
meningeal 


Anastamoses to 
middie meningeal 


tumor growth or increased venous pressure with involve- 
ment of the orbital apex. 

Superior growth of the tumor involves the base of 
the pterygoid plates and the body of the sphenoid. 
Intracranial involvement has been reported to occur in 
10% to 36% of all cases in western series. In published 
data from India, intracranial involvement is as high as 
90% (104-106). 

Four routes of intracranial invasion have been 
described: direct extension through the foramen rotun- 
dum, ovale, and lacerum; from the infratemporal fossa 
directly into the middle cranial fossa; from the ptery- 
gomaxillary fissure through the inferior and superior 
orbital fissures into the middle cranial fossa; rarely 
through the ethmoid lamina and cribriform plate into 
the anterior cranial fossa with ethmoid air cell involve- 
ment; and finally a particularly vexing intracranial 
extension through the roof of the sphenoid sinus into 
the sella and medial to the cavernous sinus. With intra- 
cranial extension, JNAs recruit blood supply from the 
internal circulation through the hypophyseal plexus 
(Fig. 127.24). Invasion of the cavernous sinus and sella 
will threaten the pituitary, the optic chiasm, optic nerve 
as well as cranial nerves 3, 4, and 6. 


Diagnostic Studies 


The diagnosis of a JNA is usually made by nasal endos- 
copy based on suspected presenting symptomatology. 
Histopathologic confirmation is not necessary as subse- 
quent radiographic studies are virtually pathognomonic. 
Biopsy of a suspected JNA prior to imaging may lead to 
severe epistaxis and blood loss. 

Both CT and MRI are essential for the assessment of 
JNAs. CT is invaluable for providing bony anatomy refer- 
ence points as well as degree of erosion and remodeling 
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Inferior hypophyseal 


Marginal tentoral 


Basal tentoral 
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physeal trunk 


Dorsal clival 


Figure 127.24 Schematic representation of the 
cavernous carotid artery with hypophyseal and 
meningeal branches. 


of the sphenopalatine area and the skull base. MRI with 
gadolinium contrast is essential in determining the dif- 
ference between tumor and surrounding soft tissues, the 
delineation between tumor and obstructive sinus disease 
as well as the interface between tumor and intracranial 
structures. The determination of dural invasion by MRI 
is not precise and caution should be exercised when 
interpreting MRIs for dural invasion. When surgery is 
planned, specialized CT scanning for intraoperative navi- 
gation is essential for tumors that have intracranial inva- 
sion (106). 

Angiography and embolization should be performed in 
patients when surgery is contemplated. The vascular anat- 
omy of JNA is important in the planning of surgical resec- 
tion. Blood supply is determined by the size and extension 
of the tumor. In the initial stages, there is a consistent vas- 
cular supply from the branches of the internal maxillary 
artery via the sphenopalatine branches. In advanced stage 
with intracranial extension, blood supply may be through 
both the internal and external carotid circulation, especially 
the ophthalmic artery, the ethmoid arteries, and branches 
of the cavernous carotid. In recurrent or residual JNAs, this 
vascular supply may become even more complex. Residual 
tumor blush after angiographic embolization may neces- 
sitate further angiographic procedures for control. These 
should be performed by an experienced interventional 
neuroradiology team (107,108) (Fig. 127.25). 

Balloon occlusion of the internal carotid artery should 
be done in patients in whom intracranial extension 
encroaches the cavernous carotid or the horizontal petrous 
carotid. 


Staging 


Multiple staging systems have been elaborated for JNAs. 
The most commonly used system is that of Radkowski 
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Figure 127.25 Collateral vessels feeding a large JNA. 
A: Pre-embolization oblique angiographic image after inter- 
nal carotid injection shows the extensive blood supply to 
the tumor from the internal circulation. B: Post-embolization 
lateral angiographic image after external carotid injec- 
tion shows residual blush through orbital collaterals. 
C: Postembolization frontal angiographic image shows 
residual flow through meningohypophyseal branches. 


et al. (109). Variations of these systems have been used 
recently such as the modified Fisch system and the sys- 
tem proposed by Snyderman for endoscopic resection of 
tumors (110,111) (Table 127.7). 


Treatment Options 

The treatment of choice for JNAs is surgical excision. 
Smaller tumors without intracranial extension can be 
effectively removed through endoscopic approaches. More 
extensive tumors are now also amenable to endoscopic 
approaches due to intraoperative navigation, improved 
surgical tools, and surgical experience. Extensive intracra- 
nial involvement of JNA requires an open approach of 
which there is a wide variety. However, even extensive JNAs 
with intracranial involvement can be approached through 
an extracranial approach. These tumors do not tend to 
invade or adhere to the adjacent dura. Previous surgery and 


c 


radiation limit the utility of extracranial approaches for 
intracranial invasion (Table 127.8). 


Open Surgery 

Tumors that infiltrate the infratemporal fossa, the sphe- 
noid sinus, the base of the pterygoids, the cavernous 
sinus, the foramen lacerum, and the anterior fossa are at 
higher risk for recurrence. With the refinement of surgical 
approaches and skull-base techniques, these lesions can 
routinely undergo total resection. 


Choice of Surgical Approach 


Combined intracranial and extracranial approaches may 
be necessary. Surgical approaches can be modified accord- 
ing to the extent of the tumor. The selection of the surgical 
approach is dictated by the ability to expose the tumor and 
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RADOWSKI CLASSIFICATION 
uy Ay OF JNA 


Stage Tumor Extent 
la Limited to the posterior nares and/or 
nasopharyngeal vault 
Ib Involving the posterior nares and/or 
nasopharyngeal vault with involvement 
of at least one paranasal sinus 
lla Minimal lateral extension to the pterygomaxillary 
ossa 
IIb Full occupation of the pterygomaxillary fossa with 
or without erosion of orbital bones 
IIc Extension into the infratemporal fossa or extension 
posterior to the pterygoid plates 
Illa Erosion of the base of skull (middle cranial 
fossa/base of pterygoids)—minimal intracranial 
extension 
IIIb Extensive intracranial extension with or without 


extension into the cavernous sinus. 


critical structures, control bleeding, avoid growth centers 
in the craniofacial skeleton of young patients and finally 
avoid facial scars if possible. 


Open Surgery 


Open surgical techniques can be classified according to the 
following scheme (Table 127.8). 

These approaches can be classified according to the 
incision placement and the type of bone work required. 
Thus, the anterior approaches can be intraoral without 
external incisions or extraoral anterior with facial incisions 


OPEN APPROACHES FOR JNA 
SURGICAL RESECTION 


Degloving-Le fort-| osteotomy and downward 
palatal translocation 

Degloving, transantral approach 

Degloving modified transantral approach with 
medial maxillectomy and lateral buttress 
removal 

Degloving, maxillary/zygomatic removal and 
re—insertion 

Transpalatal and modified transpalatal 
approach 

Weber-Ferguson and extended WF incision 
with facial translocation (removal and rein- 
sertion of zygomatic bone including orbit 
floor and lateral wall) 

Fisch type D transtemporal approach with 
facial nerve mobilization 

Preauricular infratemporal fossa approach 
with zygomatic arch displacement 
and pterional craniectomy extradural 
approach 


Open anterior 
approaches 
Intraoral 


Open anterior 
approaches 
Facial incision 


Open lateral 
approaches 
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or lateral with coronal/hemicoronal incision. In terms of 
bone work, these can be broadly categorized as those that 
remove bone and those that displace bone (bone is tempo- 
rarily translocated and placed back at closure), or a combi- 
nation of the two. 

The choice of approach is largely dependent on tumor 
extent and the facility of the surgical team. 

With the transpalatal approach, the soft palate is 
mobilized and retracted to the opposite side of the tumor 
once the greater and lesser palatine vessels and nerves 
on the ipsilateral side have been sacrificed. The posterior 
hard palate along with the posterior upper molars may 
be resected and the corresponding alveolus drilled down 
along with the hard palate, the pterygoid plates lead- 
ing to the base of the sphenoid. Once in this location, 
using as landmarks the dura of middle cranial fossa, V2 
and V3 and their bony foramina and the sphenoid sinus, 
the skull base can be widely exposed and the tumor 
removed. A facial degloving with Le Fort-I achieves a very 
similar result in terms of exposure. A facial degloving 
with a medial maxillectomy and resection of the poste- 
rior lateral walls of the maxilla can effectively expose the 
nasal cavity, nasopharynx, pterygomaxillary space, and 
infratemporal fossa with excellent tumor exposure and 
removal. An anterior approach with a Weber-Ferguson 
facial incision can be combined with the removal of the 
zygomatic bone (including the orbital floor and lateral 
wall) possibly with a Le Fort-I osteotomy to provide wide 
access. This bone is removed, the tumor is removed, and 
then the bone segment is replaced and fixed with osteo- 
synthesis plates. 

With the preauricular infratemporal fossa approach, 
an extended hemicoronal incision is made, the zygomatic 
arch is transected and the temporalis muscle is inferiorly 
displaced from the temporal fossa. Soft tissue elevation 
exposes the body of the sphenoid and base of pterygoid 
plates. After a pterional craniectomy, the sphenoid wing 
and middle cranial fossa floor are removed, which pro- 
vides contiguous access along the middle cranial fossa up 
to the cavernous sinus. The limits of this are the superior 
orbital fissure, optic canal, and horizontal petrous carotid 
artery. The lateral preauricular approaches are largely 
reserved for intracranial extension and can be combined 
in the same sitting as an anterior approach or as a separate 
procedure. 

The postauricular transtemporal approach requires sac- 
rifice of the middle ear structures and mobilization of the 
facial nerve. This indirect approach is used for more exten- 
sive petrous involvement. 

The concerns with open approaches, especially those 
that involve bone displacement or resection in children 
and adolescents, are that bone growth may be affected with 
resultant facial symmetry and malocclusion. None of these 
concerns have been substantiated to date. Facial incisions, 
which are ideally placed correctly at the border of adjacent 
facial aesthetic units and closed meticulously, will leave 
almost imperceptible scarring (112). 
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Open approaches will achieve approximately 80% com- 
plete resection avoiding tumor recurrence even in advanced 
and salvage cases (96,106,109). 


Endoscopic and Endoscopic-Assisted 
Approaches 


There are increasing numbers of endoscopic and endo- 
scopic-assisted approaches for JNA. Few authors have con- 
siderable experience with very advanced disease. Previous 
limitations of endoscopic approaches include extensive 
intracranial extension, tumor extension lateral to the cav- 
ernous sinus or posterior to the pterygoid plates. 

Improved technique and intraoperative navigation have 
extended the successful endoscopic approach for these exten- 
sive tumors. Patient selection and the experience of the endo- 
scopic surgeons are of paramount importance (111,113). 


Radiotherapy 


Radiation therapy is effective at controlling JNA. Rates of 
control of over 80% have been reported. Conventional 
radiation therapy of 30 to 35 Gy can achieve these results. 
IMRT can also be used, and excellent control has been 
reported. The advantage of IMRT is the precise computer- 
controlled dosing, which can potentially eliminate signifi- 
cant complications. Stereotactic radiation has also been 
used, especially in the setting of residual small volume 
tumor remnants after surgery (114-116). 

Complications from radiation have included well-docu- 
mented secondary malignancies, cataracts, CNS complica- 
tions as well as panhypopituitarism. The risks of radiation 
should be carefully weighed against other available modal- 
ities especially in these young patients. 


Surveillance 

Symptoms and physical examination, including serial endo- 
scopic examinations are unreliable for the detection of recur- 
rent JNA, especially in previously treated advanced tumors. 
Serial radiographic imaging by contrast-enhanced CT and/or 
MRI is the choice of follow-up. Gadolinium-enhanced MRI 
is particularly sensitive for residual disease. Findings consis- 
tent with residual disease should be followed for at least 2 
years before a decision for additional treatment is made. 


m Paraganglia facilitate the baroreceptive and chemo- 
receptive reflexes of the vascular system. In the head 
and neck, the carotid body only facilities the che- 
moreceptive reflex. 

m The carotid body is a separate structure that lies at 
the carotid bifurcation. The jugulotympanic para- 


Jacobson nerve while the vagal paraganglia are 
found within the vagus nerve at the level of the jug- 
ular foramen. 

Genetics and hypoxemia, such as high-altitude liv- 
ing, predispose to the paragangliomas. 

Mutations in the gene encoding for the mitochondrial 
enzyme SDH, a key enzyme in the Krebs cycle, are 
responsible for the genetic etiology of paraganglioma 
formation. PGL1 and PGL4A mutations show multi- 
centricity and pheochromocytomas. PGL4 is associ- 
ated with higher rate of malignant paraganglioma. 
Both radiation and surgery are effective treatments 
for paragangliomas. Selection of treatment depends 
on existing cranial nerve deficits, bilateral and/or 
multicentric tumors as well as age of patient. 
Surgery for paragangliomas requires extensive prepara- 
tion including serum and urine catecholamine screen- 
ing for functioning tumors, detailed radiographic 
investigations as well as superselective angiography 
with preoperative embolization. Jugulotympanic and 
vagal paragangliomas require an infratemporal fossa 
approach tailored to the size and extent of the lesion. 
HPCs are rare tumors. Twenty-five percent of them 
occur in the head and neck including the meninges. 
Ten-year survivals of 54% to 89% can be achieved 
with complete surgical resection, which is the pri- 
mary mode of treatment. 

Angiosarcomas account of 10% of all head and neck 
sarcomas; they are much more aggressive than other 
body sites. They are difficult to distinguish patho- 
logically from other vascular lesions. 

The treatment of angiosarcoma is wide resection 
with the goal of negative margins, which are dif- 
ficult to achieve. Adjuvant therapy in the form or 
radiation and chemotherapy should be considered, 
but there is little evidence for their efficacy. Ten-year 
survival is approximately 14%. 

JNAs are highly vascular tumors that occur exclu- 
sively in adolescent and young adult males. They 
express indolent behavior with continued growth, 
which frequently extends to involve the skull base. 
The management of JNAs is surgical. Endoscopic 
techniques are indicated for early-stage tumors 
while a variety of open approaches are applicable to 
advanced disease. 
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Lymphomas of the Head 
and Neck 


Raymond L. Chai 


Lymphoma, a malignancy of lymphoid tissue characterized 
by the proliferation of lymphoid cells or their precursors, is 
the most common nonepithelial malignancy of the head 
and neck. Because lymphoma typically manifests as a neck 
mass, otolaryngologists are frequently involved in diagnosis. 
However, as it is a disease treated primarily by radiation and 
medical oncologists, the role of the otolaryngologist gener- 
ally diminishes once a diagnosis is obtained. Nonetheless, 
as a participant of a multidisciplinary team, it is impera- 
tive for the otolaryngologist to be well versed in not only 
comprehensive management of the disease but also the 
controversies of classification and treatment. Moreover, the 
otolaryngologist will often be the diagnosing physician for 
lymphomas that present in the head and neck, and thus a 
high index of suspicion must be maintained, especially for 
lymphomas occurring at extranodal sites. 

There are two main types of lymphoma: Hodgkin lym- 
phoma (HL) and non-Hodgkin lymphoma (NHL). HL 
is typically characterized by the orderly spread of disease 
through contiguous groups of lymph nodes. In contrast, 
NHL can manifest in extranodal sites such as Waldeyer 
ring, salivary glands, and thyroid in addition to occurring 
in the nodal basins of the head and neck. 


NHL accounts for 86% of all lymphoma cases and is the fifth 
most common malignancy in the United States, excluding 
skin cancers (1). It is primarily a disease of adults, with 
less than 10% of overall cases occurring in children (2). 
NHL results from chromosomal translocations in B or T/ 
natural killer (NK) cells that lead to either the inactivation 
of tumor suppressor genes or activation of oncogenes (3). 
B-cell lymphomas compromise roughly 90% of all NHLs; 
the two most common histologic subtypes are follicular 
lymphoma and the more aggressive diffuse large B-cell 
lymphoma (DLBCL) (4). Risk factors include male gender, 
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long-term immunosuppression, exposure to radiation 
or pesticides, and autoimmune diseases such as systemic 
lupus erythematous (5). Infections including human 
immunodeficiency virus (HIV), human T-cell lympho- 
tropic virus 1 (HTLV-1), human herpesvirus-8 (HHV-8), 
and Epstein-Barr virus (EBV) have also been associated 
with the development of lymphoma (6). 

The less common HL is a highly curable disease with an 
estimated 5-year relative survival of 86% (2). The incidence 
of HL has a bimodal distribution, with the disease primarily 
occurring in young adults and patients 55 years and older 
(7). Much like in NHL, risk factors for the development of 
HL include viral exposure, immune suppression, and familial 
factors (8). Although HL originally had been subdivided into 
four categories, the most recent World Health Organization 
(WHO) classification has separated the disease into the more 
common classical HL and the rare nodular lymphocyte- 
predominant HL (9). The diagnosis of HL is made with the 
identification of Reed-Sternberg cells, a binucleated or mullti- 
nucleated giant cell of germinal center B-cell origin (Fig. 128.1) 
(10). HL is unique in that malignant cells compromise the 
minority (estimated at 0.1% to 10%) of the cellular popula- 
tion of the tumor (11). Thus, obtaining ample biopsy speci- 
men is critical for accurate diagnosis of the disease. 

In 2010, the American Cancer Society estimates that 
74,030 new lymphoma cases will be diagnosed and 21,530 
deaths due to lymphoma will occur in the United States 
(2). An analysis of the National Cancer Data Base (NCDB) 
revealed that the proportion of lymphoma cases among 
all head and neck tumors increased from 14.7% between 
1985 and 1989 to 15.4% between 1990 and 1994 (12). 
This increase has been postulated to be attributable to an 
increase in immunodeficiency secondary to both HIV and 
Patients receiving organ transplants. Interestingly, more 
recent data from the NCDB suggest both an absolute and 
proportionate decrease (to 12.4%) in the prevalence of 
lymphoma from 2000 to 2004, perhaps reflecting the use 


Figure 128.1 Reed-Sternberg cell in a lymph node involved by HL. 


of combination antiretroviral therapy for patients with 
acquired immune deficiency syndrome (AIDS) (13). 


CLINICAL DIAGNOSIS AND IMAGING 


The majority of lymphoma cases present with nontender 
lymphadenopathy of greater than 2 weeks duration, usu- 
ally in the neck or supraclavicular area (14). Systemic 
symptoms including fever greater than 38°C, drenching 
night sweats, and unintentional weight loss of greater than 
10% of body weight over a period of 6 months or less are 
known collectively as B symptoms. B symptoms are estab- 
lished negative prognostic factors in both HL and NHL and 
predict worse treatment response and survival. Recently, B 
symptoms, a marker of systemic inflammation, have been 
established as an independent predictor of increased toxic- 
ity from chemotherapy in NHL patients (15). 

Although HL is primarily a disease confined to lymph 
nodes, primary extranodal involvement occurs in 25% to 
40% of NHL patients at initial diagnosis (16). Roughly 
a third of all primary extranodal lymphomas occur in 
Waldeyer ring, a circle of lymphoid tissue in the pharynx 
formed by the palatine and pharyngeal tonsils as well as 
the lymphatic follicles at the base of tongue (17). Several 
European studies have shown an even higher incidence 
of extranodal disease in Waldeyer ring, likely related to 
the routine biopsy of this area in all patients with NHL 
(18,19). Lymphomas in this region compromise greater 
than half of all primary extranodal lymphomas of the head 
and neck (20). Less commonly, primary lymphoma in the 
head and neck can manifest in salivary glands, the sinona- 
sal region, the thyroid, and the larynx. 

Diagnosis of lymphoma in the head and neck includes a 
combination of history and physical, including a full head 
and neck exam. Either mirror exam or flexible laryngoscopy 
should be performed to visualize Waldeyer ring, the larynx, 
and hypopharynx. Routine hematologic and biochemical 
profiles, renal and liver profiles, as well as imaging should 
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be obtained as well. Cardiac assessment including clinical 
examination, electrocardiography (EKG), and echocardio- 
gram should be performed for all patients greater than 
65 years of age and when otherwise indicated. 

Serum lactate dehydrogenase (LDH) level should be 
measured in all patients and is an important predictor of 
survival, with elevated levels indicating tissue damage, lym- 
phoma relapse, or renewed growth. As a component of the 
International Prognostic Index (IPI), pretreatment LDH is 
used to stratify patient populations into appropriate treat- 
ment regimens (21). B-2 microglobulin testing, which has 
been shown to predict response rate and duration of remis- 
sion, is also routinely performed in some centers (22). Bone 
marrow aspirate and biopsy, typically of the bilateral iliac 
crests, is also routinely performed to define the extent of dis- 
ease in initial staging. Marrow involvement is found in 5% to 
15% of HL patients at diagnosis and up to 30% of newly diag- 
nosed NHL cases (23,24). Cerebrospinal fluid (CSF) evalua- 
tion should be performed in patients with paranasal sinus or 
nasopharyngeal involvement due to disease proximity to the 
skull base. CSF analysis should also be considered in patients 
with large cell lymphoma presenting with an elevated LDH 
and/or involvement of multiple extranodal sites (25). 

Contrast-enhanced computerized tomography (CT) of 
the head, neck, chest, abdomen, and pelvis is routinely per- 
formed for evaluation of both nodal and nonnodal lym- 
phoma involvement. CT of the head and neck is also useful 
for the assessment of any bony involvement or destruction 
of the mandible, maxilla, paranasal sinuses, and skull base. 
Although it is difficult to distinguish HL and NHL by CT 
alone, lymphoma is suspected when multiple, nonenhanc- 
ing, large, homogeneous lymph nodes are present, particu- 
larly in unusual nodal chains such as the retropharyngeal, 
occipital, and parotid nodes (Fig. 128.2) (26). Because 
nodal necrosis is present in the majority of lymph nodes 
involved with squamous cell carcinoma (SCC) larger than 
3 cm, lymphoma is implicated with the presence of large 
nonnecrotic nodes (27). Pretreatment nodal necrosis, when 
seen, is usually found in high-grade lymphomas (28). 

Fluorine-18-fluorodeoxyglucose positron emission 
tomography-computed tomography ('*F-FDG-PET-CT) 
superimposes anatomic detail from CT images with func- 
tional imaging obtained by PET. '!*F-FDG-PET-CT is a good 
choice as the initial imaging study in patients with FDG 
avid lymphomas such as HL, B-cell lymphoma, or follicu- 
lar lymphoma. A pretreatment '*F-FDG-PET-CT is used in 
most centers for initial staging and allows for subsequent 
monitoring of response to treatment and assessment of 
recurrent or residual disease. Because it evaluates meta- 
bolic activity, '*F-FDG-PET-CT can also help differenti- 
ate malignant and nonmalignant lymph nodes in small 
lymph nodes that are negative by CT size criteria. Improved 
accuracy in staging with '*F-FDG-PEI-CT may help avoid 
overtreatment and its associated toxicities. 

Recent studies have shown upstaging of disease in up 
to 20% of cases using PET-CT with improved detection of 
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Figure 128.2 Contrast-enhanced (A) axial and (B) coronal CT images from patient with B-cell lym- 
phoma, demonstrating multiple enlarged lymph nodes with poor contrast enhancement and uni- 
form appearance. In contrast, lymph nodes with metastatic SCC demonstrate (C) heterogeneous 


enhancement as well as (D) central necrosis. 


occult splenic involvement and exclusion of bone marrow 
involvement in aggressive B-cell NHL (29). A meta-analysis 
of 20 studies including seven prospective trials on the effec- 
tiveness of PET in lymphoma staging showed an overall 
change-in-management rate of 30% based on imaging find- 
ings (30). '*F-FDG-PET-CT is less useful in low-grade NHL 
because of low metabolic uptake in malignant nodes (31). 


TISSUE DIAGNOSIS 


In order to institute appropriate therapy, adequate tissue 
sampling is needed for both diagnosis and definitive sub- 
classification of lymphoma. As such, the gold standard 


for diagnosis of lymphoma in the head and neck is open 
excisional biopsy. However, with the advent of new clas- 
sification schemes such as the Revised European-American 
Lymphoma classification (REAL) in the mid-1990s and 
more recently the WHO classification, new emphasis has 
been placed on immunophenotypic and cytogenetic char- 
acteristics rather than architectural features in the categori- 
zation of tumors. Thus, recent investigations have focused 
on the utility of both fine needle aspiration (FNA) and 
core needle biopsy (CNB) as independent diagnostic tools 
for lymphoma diagnosis. 

FNA has become widely used in the head and neck in the 
evaluation of both lymphadenopathy as well as primary 


lesions such as parotid and thyroid tumors. In comparison 
to surgical biopsy, FNA offers advantages in speed, cost, 
and minimal complications. Needle aspirates can pro- 
vide material for both cytomorphology and flow cytom- 
etry, a technique that selects for specific surface antigens 
that determine lymphoid and/or myeloid cell lineages. It 
is possible to diagnose most lymphomas in general terms 
on the basis of characteristic cytologic morphology. FNA 
cytology has shown to have a high accuracy rate, ranging 
from 80% to 90%, in the diagnosis of both HL and NHL 
(32-36). Flow cytometry alone has also been shown to be 
an accurate independent ancillary test, with a large series 
from the University of lowa demonstrating a sensitivity of 
91.8% and a specificity of 95.5% in the diagnosis of B-cell 
NHL (37). Multiple studies have shown, however, that the 
malignant Reed-Sternberg cells that characterize HL are 
almost never detected by flow cytometry (38,39). 

The primary limitation of FNA is the relatively small 
amount of material available for phenotyping. Although 
helpful in the diagnosis of lymphoma, flow cytometry has 
been shown to not aid in the subclassification of disease 
(40). A complete histologic diagnosis using the WHO clas- 
sification is possible in only a minority of FNA specimens 
(41). FNA alone is thus clinically insufficient to design 
appropriate treatment plans for lymphoma patients. 
However, the utility of FNA has become widely accepted in 
certain clinical conditions, such as the documentation of 
recurrent lymphoma and the diagnosis of posttransplant 
lymphoproliferative disorder (PTLD) (42,43). 

CNB is an intermediate step between FNA and open sur- 
gical biopsy. By using a larger sized needle (14 to 18 gauge), 
CNB provides sufficient sample for both immunohisto- 
chemistry and conventional histopathology. CNB is now 
commonly accepted as an initial procedure for patients with 
deep-seated lymph nodes, particularly in the mediastinum or 
abdomen (44). Two recent studies investigating ultrasound- 
guided CNB in cervical lymphadenopathy have shown full 
subclassification in 89.7% and 92.3% of lymphoma cases, 
respectively (45,46). Factors such as nodal necrosis or infarct 
significantly reduce the success of diagnosis, particularly for 
HL. Although promising, further investigation is needed in 
evaluating the full utility of this technique. 


STAGING 


First proposed in 1971 for HL and later adapted for 
NHL, the Ann Arbor staging system is the most widely 
used criterion for determining prognosis and treatment 
(Table 128.1) (47). This system is based on the region and 
number of affected lymph nodes as well as the presence 
of extranodal sites and constitutional symptoms. The Ann 
Arbor staging system that was originally developed for HL 
is currently used to stage both HL and NHL. In 1989, the 
Ann Arbor system was refined with the Cotswalds modifi- 
cation, which takes into account the importance of bulky 
disease as a negative prognostic factor (48). 
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L533) ANN ARBOR STAGING SYSTEM 
43:3) FOR LYMPHOMA 


Involvement of a single lymph node region (I) or of a 
single extralymphatic organ or site (IE) 

Involvement of two or more lymph node regions or 
lymphatic structures on the same side of the dia- 
phragm alone (II) or with involvement of limited, 
contiguous extralymphatic organ or tissue (IIE) 

Involvement of lymph node regions on both sides 
of the diaphragm (Ill) that may include the spleen 
(IIIS) or limited, contiguous extralymphatic organ 
or site (IIIE) or both (IIIES) 

Diffuse or disseminated foci of involvement of one 
or more extralymphatic organs or tissues, with or 
without associated lymphatic involvement 


Stage | 


Stage Il 


wn 


age Ill 


wn 


age IV 


All cases are subclassified to indicate absence (A) or presence (B) or 
systemic symptoms of significant unexplained fever, night sweats, and 
unexplained weight loss exceeding 10% of body weight during the 

6 mo prior to diagnosis. 

The designation "S” refers to the involvement of the spleen. 

The designation “E” refers to extranodal contiguous extension. 


The Ann Arbor system does not, however, take into 
account the grade and biologic behavior of a given lym- 
phoma and has been shown to be inadequate as a sole 
predictor of overall survival for patients with aggressive 
NHL (49). In 1993, the IPI was proposed. Based on a ret- 
rospective series of over 2,000 patients in an international 
multi-institutional study, this model uses age, Ann Arbor 
tumor stage, serum LDH, performance status, and number 
of extranodal disease sites to stratify patients into four risk 
groups (50). Because younger patients may tolerate more 
aggressive therapy and thus have different outcomes, an 
age-adjusted index was proposed in the same study for 
patients younger than 60. This simplified criteria use only 
stage, LDH, and performance status to predict outcomes. 
Similar to the IPI, the Follicular Lymphoma International 
Prognostic Index (FLIPI) was designed as a prognostic 
model for patients with indolent lymphoma (51). Factors 
in this index include age, stage, number of involved lymph 
node areas, serum hemoglobin level, and serum LDH. 

These systems alone are not, however, sufficient for 
initiating treatment, as outcome is highly variable and 
dependent on tumor histology and morphology. In 1982, 
the Working Formulation, a now-obsolete classification 
of NHL tumors, subdivided lymphomas by morphology 
alone (52). The REAL and later the WHO classification 
groups differentiated NHLs by cell lineage and unique 
phenotypic, molecular, and cytogenetic characteristics. 
The fourth edition of the WHO classification, which is the 
most recent update, was introduced in 2008 and classifies 
NHL as indolent, aggressive, and highly aggressive tumors 
(9). However, it should be kept in mind that the WHO 
classification system is not a staging system. The Ann Arbor 
staging system, despite its shortcomings, remains the best 
mean of staging lymphomas and has been adopted by the 
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American Joint Committee on Cancer (AJCC) as well as 
Union for International Cancer Control] (UICC) as the offi- 
cial system for classifying the extent of anatomic involve- 
ment and for staging of both HL and NHL. 


THERAPY 


Radiation therapy and/or combination chemotherapy is 
the current mainstay of treatment for both NHL and HL 
of the head and neck. Advances in molecular biology have 
led to the development of novel therapies for NHL such 
as monoclonal antibodies and radioimmunoconjugates. 
Although surgery does play a role in the management of 
lymphoma, particularly in localized gastrointestinal dis- 
ease, its utility in the head and neck is typically limited to 
diagnostic biopsy. 


Hodgkin Lymphoma 


Initial therapy for early stage HL (I-IIA) may vary depend- 
ing on the center instituting treatment. Extended-field radi- 
ation had been the standard of care for decades. However, 
with 5-year survival rates for patients with early-stage 
disease of 90% or higher, long-term complications from 
radiation therapy are not insignificant (53). Second malig- 
nancies such as breast cancer occur roughly 1% a year for 
at least 30 years after treatment (54). Other long-term side 
effects include mediastinal fibrosis, myelitis, and hypothy- 
roidism (55). For favorable early-stage disease, short-term 
chemotherapy with doxorubicin, bleomycin, vinblastine, 
and dacarbazine (ABVD) alone or combined chemo- 
therapy with involved-field radiation therapy to involved 
lymph nodes regions only is now recommended (56). 

Tumor bulk, high erythrocyte sedimentation rate, mul- 
tiple sites, age 50 or greater, and massive splenic disease 
have been identified as factors defining unfavorable disease 
in HL (57). Although the subject of ongoing debate, the 
usage of combination chemotherapy plus involved-field 
radiotherapy rather than extended-field radiation is a gen- 
erally accepted protocol (58). For the rare nodular lym- 
phocyte-predominant HL, with its improved prognosis, 
reduced intensity protocols have been advocated for early 
stage tumors (59). 

In patients with advanced stage HI to IV HL, the ongo- 
ing challenge involves developing regimens that maximize 
survival rates while limiting the development of long-term 
toxicities. The first combination chemotherapy used for 
these patients was the MOPP (mechlorethamine, vincris- 
tine, procarbazine, and prednisone) protocol. Developed 
in 1970 for patients with disease progression after radio- 
therapy, this regimen markedly improved survival rates 
(60). In 1975, the ABVD regimen was shown to have 
similar clinical activity (61). A regimen utilizing alternat- 
ing cycles of ABVD and MOPP was later shown to have 
superior overall survival rates (62). More recently, a large 
multi-institutional trial established ABVD as the standard 


regimen for treatment of advanced HL, with the hybrid 
MOPP/ABV regimen associated with greater toxicity (63). 
Thus, the primary treatment strategy at many centers is 
ABVD combined with involved-field radiotherapy. Similar 
regimens are typically used for advanced stage nodular 
lymphocyte-predominant HL (64). 


Indolent Non-Hodgkin Lymphoma 


Indolent lymphoma comprises 40% of all NHLs, with 
follicular lymphomas the most common subtype. The 
majority of these patients are initially asymptomatic and 
typically present at advanced stage. Although these tumors 
have a long median survival, the majority of patients are 
incurable, with the exception of rare early stage disease 
(65). The goal of treatment should be complete remission 
but often is focused toward alleviating localized symptoms 
and compromised organ function. There is significant con- 
troversy in treatment options because despite the wide 
range of available therapeutic approaches, most patients 
ultimately relapse. However, despite some data suggesting 
that overall survival for these patients has not improved in 
the last several decades, recent studies have shown survival 
improvements, particularly from the introduction of bio- 
logic therapies (66). 

Data from large prospective trials have shown no sig- 
nificant difference between observation and the initiation 
of immediate treatment in advanced indolent lymphoma 
patients (67). Watchful waiting, particularly in patients 
older than 70 years of age, is thus an accepted initial 
option. In symptomatic patients, combination chemo- 
therapy and immunotherapy is considered to be stan- 
dard therapy. The addition of the anti-CcD20 monoclonal 
antibody rituximab with the standard CHOP (cyclophos- 
phamide, doxorubicin, vincristine, and prednisone) regi- 
men (R-CHOP) has shown significant improvement in 
outcome without additional major toxicity (68). The 
addition of rituximab has demonstrated clinical benefit 
as well for symptomatic elderly patients with relevant 
comorbidities (69). Rituximab as maintenance therapy is 
recommended for relapsed or refractory advanced disease 
(70). Radioimmunotherapy using monoclonal antibod- 
ies covalently bound to radionuclides such as Yttrium-90 
ibritumomab tiuxetan and iodine-131 tositumomab has 
shown efficacy in both consolidation therapy and ritux- 
imab-refractory tumors, respectively (71,72). 


Aggressive Non-Hodgkin Lymphoma 


The majority of NHL cases are aggressive lymphomas, with 
DLBCLas the most common histologic subtype in the head 
and neck (73). Treatment has evolved over the last 30 years 
from the primary usage of radiotherapy to combination 
chemotherapy with immunotherapy. Current National 
Comprehensive Cancer Network (NCCN) guidelines pro- 
vide oncologists with the option of utilizing either three 


cycles of R-CHOP plus involved-field radiation therapy or 
six to eight cycles of RRCHOP with or without involved-field 
radiation therapy for both bulky and nonbulky early-stage 
disease (74). The addition of radiation therapy, however, 
is controversial, and the majority of oncologists utilize the 
extended combination chemotherapy protocol alone (75). 

For advanced stage DLBCL, R-CHOP is considered to be 
the standard of care in the United States. Large prospec- 
tive studies in both France and the United States have 
found significant improvement in both progression-free 
and overall survival with R-CHOP compared to CHOP in 
elderly patients over 60 years of age (76,77) These find- 
ings have been confirmed in both younger patients (age 
less than 60) and in a population-based study in British 
Columbia (78,79). However, as cure rates with R-CHOP 
range from 30% to 70%, treatment protocols continue to 
seek further refinement. 


Highly Aggressive Non-Hodgkin Lymphoma 


Highly aggressive lymphomas include lymphoblastic lym- 
phoma and Burkitt lymphoma. These diseases are uncom- 
mon in adults and encompass roughly 5% of all NHL cases 
in the United States. Lymphoblastic lymphomas are treated 
with modified acute lymphoblastic leukemia (ALL)-type 
regimens including intensive multiagent induction ther- 
apy, consolidation, and maintenance therapy (80). Central 
nervous system (CNS) prophylaxis with intrathecal chemo- 
therapy is widely accepted, as the incidence of CNS relapse 
in patients not receiving prophylaxis approaches 30% (81). 
Similar approaches with induction chemotherapy and CNS 
prophylaxis but without prolonged maintenance therapy 
are used for Burkitt lymphoma (82). 


LYMPHOMA SPECIFIC TO THE HEAD 
AND NECK 


Waldeyer Ring Lymphoma 


Roughly half of all Waldeyer ring NHLs arise in the pala- 
tine tonsil, 20% of which are bilateral (83). In decreasing 
order, lymphomas in this region also arise from the pha- 
ryngeal tonsil, base of tongue or lingual tonsil, or involve 
multiple primary sites (84). Symptoms correspond with 
the location of disease. NHL of the tonsil and base of 
tongue typically present with unilateral odynophagia and 
dysphagia while nasopharyngeal NHL can manifest with 
nasal obstruction, eustachian tube dysfunction, persistent 
epistaxis, or cranial neuropathy. On physical examination, 
NHL lesions are mostly submucosal, unlike the ulcerated 
lesions seen with SCC. 

The vast majority of patients present with early stage I 
or stage II disease, with B symptoms occurring in less than 
15% of patients (85). The most common histologic sub- 
classification in this region is by far DLBCL, which is pres- 
ent in up to 85% of cases (86). Although large prospective 
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series are not available, combined chemoradiotherapy has 
consistently shown superior disease-free survival com- 
pared with chemotherapy or radiotherapy alone (85,87). 
Out-of-field recurrences are the primary pattern for failure, 
with up to a third of patients developing relapse in the gas- 
trointestinal tract (88). 

CT imaging of Waldeyer ring NHL commonly shows a 
large homogeneous mass of similar intensity to surround- 
ing lymphoid tissue in either the lingual or palatine tonsil, 
or the nasopharynx (Fig. 128.3) (89). Unlike in nasopha- 
ryngeal carcinoma, skull base erosion from nasopharyn- 
geal lymphoma is rare. Associated lymphadenopathy on 
the ipsilateral side of the lesion is common and usually 
nonnecrotic in imaging appearance. 


Sinonasal Lymphoma 


Sinonasal lymphoma is uncommon and represents less 
than 1% of overall NHL cases. Similar to Waldeyer ring 
NHL, DLBCL is the most common subgroup of disease 
found in this location (90). The vast majority of sinona- 
sal DLBCL tumors involve the paranasal sinuses but not 
the nasal cavity. The next most common subgroup, NK/T- 
cell lymphoma, is more prevalent in Asia than in Western 
countries and is associated with EBV infection (91). Unlike 
DLBCL, NK/T-cell lymphoma nearly always arises from the 
nasal cavity. Most patients with sinonasal lymphoma pres- 
ent with early stage disease. In contrast to most large Asian 
studies, a recent clinicopathologic analysis of tumors from 
the United States showed that NK/T-cell lymphomas had 
a favorable prognosis with similar outcomes to patients 
with DLBCL tumors (92). On magnetic resonance imag- 
ing (MRI), sinonasal lymphomas are more homogeneous 
on T2 sequences and mildly enhance when compared with 
carcinoma. They may present with bony remodeling and/ 
or erosion and can radiographically mimic destructive 
nasal lesions such as Wegener granulomatosis. 

Low-grade sinonasal lymphomas present with obstruc- 
tive symptoms while high-grade tumors can manifest with 
cranial neuropathies, pain, and epistaxis. DLBCL tumors 
have a propensity for soft tissue or osseous destruction near 
the orbit and can have ophthalmic symptoms such as pro- 
ptosis. In contrast, true to their alternative name of lethal 
midline granuloma, NK/T-cell tumors are associated with 
nasal septal ulceration and destruction (93). Treatment 
includes combination chemotherapy, most commonly 
CHOP, and radiation therapy (94). Though uncommon, 
lymphoma should remain in the differential diagnosis of 
many sinonasal lesions; a high index of suspicion often 
must be maintained to make the diagnosis. 


Salivary Gland Lymphoma 


Between 2% and 5% of salivary gland neoplasms are 
primary lymphomas. Patients with this tumor typically 
present with an asymptomatic mass of their parotid or 
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submandibular gland. Pain and facial nerve paresis are 
very uncommon. Most of these tumors are early stage, and 
70% to 80% of them arise from the parotid gland (95). 
Lymphoma is rarely suspected preoperatively, and many 
of these patients undergo invasive procedures such as 
superficial parotidectomy prior to obtaining a diagnosis 
of lymphoma. Histologic subtypes in this region include, 
in decreasing frequency, mucosa-associated lymphoid tis- 
sue (MALT) lymphoma, follicular lymphoma, and DLBCL 
(96). Lymphomas of the salivary glands have a favorable 
overall survival rate compared to other extranodal sites in 
the head and neck and are typically treated with primary 
radiotherapy (97). 

There is controversy in the literature over the terms pri- 
mary, secondary, nodal, and extranodal with respect to NHL 
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of the parotid gland. Some investigators distinguish disease 
arising from the parenchyma and tumors of the periparotid 
and intraparotid lymph nodes. Other reports differentiate 
tumors arising in the background of known malignant 
lymphoma or in patients with established autoimmune 
disease (98). Compared with normal age-matched cohorts, 
patients with Sjogren disease have an over 40 times greater 
relative risk of developing NHL within the affected parotid 
glands (99). For patients with the Sjogren disease, there is 
an overall 4% prevalence of NHL (100). 

CT imaging of salivary gland lymphomas shows homoge- 
neity and mild enhancement (Fig. 128.3) (101). Aggressive 
tumors can exhibit infiltration of surrounding tissue 
with necrotic or cystic changes in the tumor itself (102). 
Ultrasound, an often used modality in the work-up of parotid 


Figure 128.3 Contrast-enhanced axial CT images from patients with lymphoma of the (A) base of 
tongue, (B) left tonsil, (C) nasopharynx, (D) the left parotid gland. 


masses, typically shows a well-circumscribed, hypoechoic 
mass with marked intratumoral vascularization (103). 


Thyroid Lymphoma 


Primary thyroid lymphoma is uncommon, comprising less 
than 5% of all thyroid malignancies (104). The most com- 
mon presentation of disease is a rapidly growing thyroid 
mass. Patients with primary lymphoma of the thyroid are 
often younger than those with anaplastic thyroid cancer— 
the other major disease of concern for those presenting 
with a rapidly enlarging thyroid mass. Compressive symp- 
toms including hoarseness, dysphagia, and stridor occur in 
roughly 30% to 50% of patients (105). Although not often 
on the differential diagnosis of a thyroid mass, prompt 
diagnosis of primary thyroid lymphoma is critical in that 
the disease has favorable rates of curability when confined 
to the thyroid itself. Five-year overall survival for stage I 
disease is higher than 80% while advanced stage disease 
(III or IV) has survival rates less than 35% (106). Because 
of a high relapse rate even for early stage MALT lympho- 
mas, a combination of CHOP and irradiation is used in 
most centers for all primary thyroid NHLs (107). 

The normal thyroid gland does not contain lymphoid 
tissue. Acquisition of lymphoid tissue in this organ is almost 
entirely found in patients with autoimmune thyroiditis 
(108). Chronic lymphocytic thyroiditis (Hashimoto’s) has 
been estimated to confer a 40- to 80-times higher risk for 
developing thyroid lymphoma in comparison to the gen- 
eral populace (109). It takes an average of 20 to 30 years 
for lymphoma to develop after the onset of Hashimoto’s 
(110). Most patients are euthyroid. 

DLBCL is the most common histologic subtype, occurring 
in roughly 70% of cases (111). High-grade transformation to 
DLBCL from MALT lymphoma, the next most common sub- 
type, has been seen on rare occasions (112). Similar to other 
extranodal lymphomas, most primary thyroid NHLs present 
in early stage I or stage II disease (113). Although open sur- 
gical biopsy has traditionally been required for diagnosis, 
FNA with modern immunotyping is reasonable for diagno- 
sis in suspicious lesions, particularly for high-grade tumors 
(114). CNB may provide adequate tissue as well if the diag- 
nosis of thyroid lymphoma is entertained. 

Although imaging can be helpful in determining the 
extent of disease and monitoring treatment efficacy, it is 
difficult radiographically to distinguish primary thyroid 
lymphomas from other rapidly enlarging thyroid masses 
such as anaplastic carcinoma. On ultrasound, most tumors 
show a well-defined hypoechoic mass with low echo- 
genicity (115). One series reports that nearly all thyroid 
NHLs have a characteristic asymmetric pseudocystic pat- 
tern on ultrasound (116). On CT imaging, a lack of necro- 
sis and calcification in a rapidly growing thyroid mass is 
suggestive of lymphoma (117). A “donut sign” on CT has 
been described because of the propensity for the disease to 
encircle the trachea (118). 
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Laryngeal Lymphoma 


Primary laryngeal lymphoma is an exceedingly rare dis- 
ease, with less than 100 cases reported in the literature. 
Common symptoms include dyspnea, hoarseness, and 
stridor. Most cases manifest as a nonulcerated submuco- 
sal mass in the supraglottis, which is the location of orga- 
nized lymphoid tissue in the larynx (119). Most cases on 
histology are either MALT lymphomas or DLBCL (120). 
Although these lesions are noted to be exquisitely radio- 
sensitive, most centers utilize combined chemoradiother- 
apy for treatment (121). On CT imaging, characteristic 
features of laryngeal NHL include a uniformly enhancing 
supraglottic mass without necrosis, calcification, or cervical 
lymphadenopathy (122). 


AIDS-Related Lymphoma 


Nearly 500,000 Americans live with AIDS, with 50,000 new 
HIV infections diagnosed yearly in the United States (123). 
An estimated 40% of patients with AIDS will develop can- 
cer during their lifetime (124). Cervical carcinoma, Kaposi 
sarcoma, and NHL constitute the three AIDS-defining 
malignancies (125). The development of AIDS increases 
the relative risk of developing lymphoma by 165-fold, with 
a roughly 4% incidence of NHL amongst those with the 
diagnosis of AIDS (126). There is evidence, however, to 
suggest that the overall incidence of AIDS-related NHL has 
declined since the introduction of modern highly active 
antiretroviral therapy (HAART) (127). HAART therapy 
though has not been shown to improve survival time for 
patients with NHL (128). 

HIV-associated B-cell dysregulation secondary to immu- 
nodeficiency is considered to be the primary contributing 
factor to the development of lymphomas. As such, DLBCL 
is the most common subtype amongst AIDS-related NHL 
cases (129). Interestingly, although rituximab plus intra- 
venous bolus chemotherapy is the standard of care for 
immunocompetent patients with aggressive B-cell lym- 
phomas, prospective studies have suggested that R-CHOP 
has an unacceptable rate of toxicity for patients with AIDS 
(130). Infusional therapy is now being used in many cen- 
ters as it has been demonstrated to have similar to greater 
efficacy while minimizing toxicity (131). 


Posttransplant Lymphoproliferative Disorder 


Given the increasing number of transplantation proce- 
dures being performed, the otolaryngologist must be 
familiar with the manifestations of PTLD and its manifes- 
tations in the head and neck. First described by Starzl in 
1968, PTLD involves a spectrum of abnormal lymphoid 
proliferations that occur after either solid organ transplant 
or hematopoietic stem cell transplantation (132). PTLDs 
can be subclassified into four distinct categories: early 
lesions (plasmacytic hyperplasia), polymorphic disease, 
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monomorphic disease (B- and T-cell neoplasms), and 
classical HL (133). The majority of PTLD cases (roughly 
70%) are associated with EBV infection (134). In patients 
receiving long-term immunosuppression therapy such 
as cyclosporine, T-lymphocyte suppression allows for 
unchecked proliferation of EBV-infected B cells. Thus, the 
primary risk factors for the development of PTLD include 
the EBV serostatus of both the donor and recipient as well 
as intensity of immunosuppression (135). The incidence 
of PTLD is highest in combined heart-lung transplants and 
small bowel transplants (roughly 20%) and lowest after 
kidney transplantation (less than 1%) (136). Extranodal 
involvement is seen in up to 85% of cases (137). 

Head and neck manifestations of PTLD vary depend- 
ing on the site of involvement. These can include consti- 
tutional B symptoms, enlargement of Waldeyer ring, and 
cervical lymphadenopathy. Most patients presenting with 
head and neck symptoms within 1 year of transplantation 
will present with a mononucleosis-like syndrome with 
rapid swelling of lymphoid tissue (138). Imaging reveals 
focal masses, particularly in Waldeyer ring, as well as a pre- 
dilection for submucosal extension through fascial planes 
(139). Unlike with immunocompetent patients, central 
lymph node necrosis is commonly seen. 

First described over 25 years ago, the initial therapeutic 
approach for the management of PTLD remains reduction 
of immunosuppression (RI) (140). The goal of this strat- 
egy is to allow the body to recover normal immune surveil- 
lance function. Independent prognostic factors associated 
with a poor response to RI include organ dysfunction, mul- 
tiorgan involvement, and elevated LDH (141). However, 
the utility of RI in aggressive PITLDs has been questioned. 
A recent retrospective analysis of patients with aggressive 
PTLDs revealed a less than 10% rate of remission from RI 
alone (136). Another drawback in the usage of RI is the 
expected risk of organ rejection (142). 

Although there is evidence supporting RI alone in the 
treatment of early stage PTLD, many centers now utilize 
rituximab-based therapy in patients who either fail or 
do not tolerate RI (143). In the largest prospective trial 
of PTLD patients to date, the usage of rituximab mono- 
therapy followed by sequential cycles of RRCHOP demon- 
strated a complete response rate of roughly 70% (144). For 
patients receiving CHOP therapy, immunosuppression can 
continue to be withheld without increased risk for graft 
failure. It has been suggested that the inherent immuno- 
suppressive activity of chemotherapy can compensate for 
any negative effects of RI (145). 


CONCLUSION 


The otolaryngologist is often the first physician to evalu- 
ate a patient with lymphoma given the propensity of the 
disease to present in the head and neck. A high index of 
suspicion must often be maintained, and recognition of 
the various manifestations of this diverse group of tumors 


is critical for facilitating prompt diagnosis and treatment. 
Communication with colleagues in the specialties of 
hematology/oncology, pathology, and, increasingly, infec- 
tious disease and transplant surgery is important as well. 

With the development of novel diagnostic, staging, and 
therapeutic regimens, the outcome for individuals diag- 
nosed with lymphoma will continue to improve. 


m Otolaryngologists will often be called upon to make 
diagnosis of lymphomas in the head and neck area. 

m Lymphoma in the head and neck area presents most 
commonly as enlarged cervical lymph nodes or hyper- 
trophic lymphoid tissues within the Waldeyer ring. 

m Definitive biopsy requires tissue sampling for his- 
tologic examination and flow cytometry. Gold stan- 
dard is excisional biopsy of involved lymph node. 
CNB may be appropriate also. 

= CT with contrast is adequate for the initial evalua- 
tion of patients with suspected lymphoma in the 
head and neck area. 

= The Ann Arbor staging system is the most widely 
used system for classifying the extent of anatomic 
involvement in lymphomas and for staging of both 
HL and NHL. 

m The most common type of NHL is follicular lym- 
phoma, which is often indolent and does not 
require active treatment. 

= Radiation therapy and/or combination chemother- 
apy is the current mainstay of treatment for both 
NHL and HL of the head and neck. Advances in 
molecular biology have led to the development of 
novel therapies for NHL such as monoclonal anti- 
bodies and radioimmunoconjugates. 


REFERENCES 


1. Lu P. Staging and classification of lymphoma. Semin Nucl Med 
2005;35(3):160-164. 

2. Jemal A, et al. Cancer statistics, 2010. CA Cancer J Clin 
2010;60(5):277-300. 

3. Chaganti RS, et al. Recurring chromosomal abnormalities in 
non-Hodgkin's lymphoma: biologic and clinical significance. 
Semin Hematol 2000;37(4):396-411. 

4. Good DJ, Gascoyne RD. Classification of non-Hodgkin’s lym- 
phoma. Hematol Oncol Clin North Am 2008;22(5):781-805, vii. 

5. Alexander DD, et al. The non-Hodgkin lymphomas: a review of the 
epidemiologic literature. Int J Cancer 2007;120(Suppl 12):1-39. 

6. Harris NL, et al. A revised European-American classification 
of lymphoid neoplasms: a proposal from the International 
Lymphoma Study Group. Blood 1994;84(5):1361-1392. 

7. Glaser SL, Jarrett RE The epidemiology of Hodgkin’s disease. 
Bailliere’s Clin Haematol 1996;9(3):401-416. 

8. Lynch HT, Marcus JN, Lynch JE Genetics of Hodgkin’s and 
non-Hodgkin's lymphoma: a review. Cancer Invest 1992;10(3): 
247-2506. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


20. 


21. 


22; 


23. 


24, 


25. 


26. 


28. 


29. 


30. 


31. 


32. 


Jaffe ES. The 2008 WHO <dlassification of lymphomas: implica- 
tions for clinical practice and translational research. Hematology 
Am Soc Hematol Educ Program 2009:523-531. 

Marafioti T, et al. Hodgkin and reed-sternberg cells represent 
an expansion of a single clone originating from a germinal 
center B-cell with functional immunoglobulin gene rearrange- 
ments but defective immunoglobulin transcription. Blood 
2000;95(4):1443-1450. 

Pui CH, Campana D. New definition of remission in childhood 
acute lymphoblastic leukemia. Leukemia 2000;14(5):783-785. 
Hoffman HT, et al. The National Cancer Data Base Report on 
cancer of the head and neck. Arch Otolaryngol Head Neck Surg 
1998;124(9):951-962. 

Cooper JS, et al. National Cancer Database report on cancer 
of the head and neck: 10-year update. Head Neck 2009;31(6): 
748-758. 

Nogova L, Rudiger T, Engert A. Biology, clinical course and man- 
agement of nodular lymphocyte-predominant hodgkin lym- 
phoma. Hematology Am Soc Hematol Educ Program 2006:266-272. 
Sharma R, et al. Inflammatory (B) symptoms are independent 
predictors of myelosuppression from chemotherapy in Non- 
Hodgkin Lymphoma (NHL) patients—analysis of data from a 
British National Lymphoma Investigation phase III trial compar- 
ing CHOP to PMitCEBO. BMC Cancer 2009;9(1):153. 

Krol ADG, et al. Primary extranodal non-Hodgkin's lymphoma 
(NHL): the impact of alternative definitions tested in the 
Comprehensive Cancer Centre West population-based NHL reg- 
istry. Ann Oncol 2003;14(1):131-139. 

Bajetta E, et al. Non-Hodgkin’s lymphomas of Waldeyer’s ring. 
Tumori 1983;69(2):129-136. 

Saul SH, Kapadia SB. Primary lymphoma of Waldeyer’s ring. 
Clinicopathologic study of 68 cases. Cancer 1985;56(1): 
157-166. 


. Albada J, et al. Non-Hodgkin's lymphoma of Waldeyer’s ring. 


Cancer 1985;56(12):2911-2913. 

Jacobs C, Hoppe RT. Non-Hodgkin’s lymphomas of head and 
neck extranodal sites. Int J Radiat Oncol Biol Phys 1985;11(2): 
357-364. 

Schneider RJ, et al. Prognostic significance of serum lactate 
dehydrogenase in malignant lymphoma. Cancer 1980;46(1): 
139-143. 

Johnson PW, et al. Beta-2 microglobulin: a prognostic factor 
in diffuse aggressive non-Hodgkin's lymphomas. Br J Cancer 
1993;67(4):792-797. 

Mauch PM, et al. Patterns of presentation of Hodgkin dis- 
ease. Implications for etiology and pathogenesis. Cancer 
1993;71(6):2062-2071. 

Arber DA, George TI. Bone marrow biopsy involvement by non- 
Hodgkin’s lymphoma: frequency of lymphoma types, patterns, 
blood involvement, and discordance with other sites in 450 spec- 
imens. Am J Surg Pathol 2005;29(12):1549-1557. 

van Besien K, et al. Risk factors, treatment, and outcome of cen- 
tral nervous system recurrence in adults with intermediate-grade 
and immunoblastic lymphoma. Blood 1998;91(4):1178-1184. 
Harnsberger HR, et al. Non-Hodgkin’s lymphoma of the head 
and neck: CT evaluation of nodal and extranodal sites. AJR Am J 
Roentgenol 1987;149(4):785-791. 


. Som PM. Detectionof metastasis in cervical lymph nodes: CT 


and MR criteria and differential diagnosis. AJR Am J Roentgenol 
1992;158(5):961-969. 

Fishman EK, Kuhlman JE, Jones RJ. CT of lymphoma: spectrum of 
disease. Radiographics: a review publication of the Radiological 
Society of North America, Inc. Radiographics 1991;11(4):647-669. 
Ngeow JY, et al. High SUV uptake on FDG-PET/CT predicts for an 
aggressive B-cell lymphoma in a prospective study of primary FDG- 
PET/CT staging in lymphoma. Ann Oncol 2009;20(9):1543-1547. 
Isasi CR, Lu P, Blaufox MD. A metaanalysis of 18F-2-deoxy- 
2-fluoro-D-glucose positron emission tomography in the 
staging and restaging of patients with lymphoma. Cancer 
2005; 104(5):1066-1074. 

Fletcher JW, et al. Recommendations on the use of 18F-FDG PET 
in oncology. J Nucl Med 2008;49(3):480-508. 

Qizilbash AH, et al. Aspiration biopsy cytology of lymph nodes 
in malignant lymphoma. Diagn Cytopathol 1985;1(1):18-22. 


Chapter 128: Lymphomas of the Head and Neck 
33; 
34. 
35, 


36. 


Bil, 
38. 
39. 


40. 


Al. 
42. 
43. 
44. 


45. 


46. 


47. 


48. 


49. 


50. 
51. 


52. 
33: 
54. 
55. 
56. 


57. 


2041 


Das DK, et al. FNA cytodiagnosis of non-Hodgkin's lymphoma 
and its subtyping under working formulation of 175 cases. Diagn 
Cytopathol 1991;7(5):487-498. 

Das DK. Value and limitations of fine-needle aspiration cytology 
in diagnosis and classification of lymphomas: a review. Diagn 
Cytopathol 1999;21(4):240-249, 

Das DK, Gupta SK. Fine needle aspiration cytodiagnosis of 
Hodgkin’s disease and its subtypes. II. Subtyping by differential 
cell counts. Acta Cytol 1990;34(3):337-341. 

Friedman M, et al. Appraisal of aspiration cytology in manage- 
ment of Hodgkin's disease. Cancer 1980;45(7):1653-1663. 
Savage EC, et al. Independent diagnostic accuracy of flow cytom- 
etry obtained from fine-needle aspirates: a 10-year experience 
with 451 cases. Am J Clin Pathol 2011;135(2):304-309. 

Jorgensen JL. State of the Art Symposium: flow cytometry in the 
diagnosis of lymphoproliferative disorders by fine-needle aspira- 
tion. Cancer 2005;105(6):443-451. 

Caraway NP. Strategies to diagnose lymphoproliferative disrders 
by fine-needle aspiration by using ancillary studies. Cancer 
2005; 105(6):432-442. 

Amador-Ortiz C, et al. Combined core needle biopsy and fine- 
needle aspiration with ancillary studies correlate highly with tra- 
ditional techniques in the diagnosis of nodal-based lymphoma. 
Am J Clin Pathol 2011;135(4):516-524. 

Hehn ST, Grogan TM, Miller TP. Utility of fine-needle aspi- 
ration as a diagnostic technique in lymphoma. J Clin Oncol 
2004;22(15):3046-3052. 

Gong JZ, et al. Fine-needle aspiration in non-Hodgkin lym- 
phoma: evaluation of cell size by cytomorphology and flow 
cytometry. Am J Clin Pathol 2002; 117(6):880-888. 

Gattuso P, Manosca FE Fine-needle aspiration of posttrans- 
plant lymphoproliferative disorders: a review. Diagn Cytopathol 
2005;33(4):273-278. 

Loubeyre P, et al. Diagnostic precision of image-guided multi- 
sampling core needle biopsy of suspected lymphomas in a pri- 
mary care hospital. Br J Cancer 2009;100(11):1771-1776. 

Huang PC, et al. Ultrasound-guided core needle biopsy of cer- 
vical lymphadenopathy in patients with lymphoma: the clini- 
cal efficacy and factors associated with unsuccessful diagnosis. 
Ultrasound Med Biol 2010;36(9):1431-1436. 

Pfeiffer J, Kayser G, Ridder GJ. Sonography-assisted cutting 
needle biopsy in the head and neck for the diagnosis of lym- 
phoma: can it replace lymph node extirpation? Laryngoscope 
2009;119(4):689-695. 

Carbone PP, et al. Report of the Committee on Hodgkin's Disease 
Staging Classification. Cancer Res 1971;31(11):1860-1861. 

Lister TA, et al. Report of a committee convened to discuss 
the evaluation and staging of patients with Hodgkin's disease: 
Cotswolds meeting. J Clin Oncol 1989;7(11):1630-1636. 
Rosenberg SA. Validity of the Ann Arbor staging classifica- 
tion for the non-Hodgkin's lymphomas. Cancer Treat Rep 
1977;61(6):1023-1027. 

Cleland JGE et al. A predictive model for aggressive non-hodgkin’s 
lymphoma. N Engl J Med 1993;329(14):987-994. 

Solal-Celigny P, et al. Follicular lymphoma international prog- 
nostic index. Blood 2004; 104(5):1258-1265. 

Robb-Smith AH. U.S. National Cancer Institute working for- 
mulation of non-Hodgkin’s lymphomas for clinical use. Lancet 
1982;2(8295):432-434. 

Rueda Dominguez A, et al. Treatment of stage I and II Hodgkin's 
lymphoma with ABVD chemotherapy: results after 7 years of a 
prospective study. Ann Oncol 2004;15(12):1798-1804. 

Franklin J, et al. Second malignancy risk associated with treat- 
ment of Hodgkin’s lymphoma: meta-analysis of the randomised 
trials. Ann Oncol 2006;17(12):1749-1760. 

Brusamolino E, et al. Early-stage Hodgkin's disease: long-term 
results with radiotherapy alone or combined radiotherapy and 
chemotherapy. Ann Oncol 1994;5(Suppl 2):S101-S106. 
Bonadonna G, et al. ABVD plus subtotal nodal versus involved- 
field radiotherapy in early-stage Hodgkin's disease: long-term 
results. J Clin Oncol 2004;22(14):2835-2841. 

Josting A, et al. Prognostic factors and treatment outcome in pri- 
mary progressive Hodgkin lymphoma: a report from the German 
Hodgkin Lymphoma Study Group. Blood 2000;96(4):1280-1286. 


2042 


58. 


59. 


60. 


ol. 


62. 


63. 


68. 


69. 


70. 


71. 


78. 


Section VII: Head and Neck Surgery 


Engert A, et al. Involved-field radiotherapy is equally effec- 
tive and less toxic compared with extended-field radiotherapy 
after four cycles of chemotherapy in patients with early-stage 
unfavorable hodgkin’s lymphoma: results of the HD8 Trial of 
the German Hodgkin’s Lymphoma Study Group. J Clin Oncol 
2003;21(19):3601-3608. 

Nogova L, Rudiger T, Engert A. Biology, clinical course and man- 
agement of nodular lymphocyte-predominant Hodgkin lym- 
phoma. Hematology 2006:266-272. 

Longo DL, et al. Twenty years of MOPP therapy for Hodgkin's 
disease. J Clin Oncol 1986;4(9):1295-1306. 

Bonadonna G, et al. Combination chemotherapy of Hodgkin’s 
disease with adriamycin, bleomycin, vinblastine, and imidazole 
carboxamide versus MOPP. Cancer 1975;36(1):252-259. 
Bonadonna G, Valagussa P, Santoro A. Alternating non-cross- 
resistant combination chemotherapy or MOPP in Stage IV 
Hodgkin’s disease. Ann Intern Med 1986;104(G6):739-746. 
Duggan DB, et al. Randomized Comparison of ABVD and 
MOPP/ABV hybrid for the treatment of advanced hodgkin’s 
disease: report of an intergroup trial. J Clin Oncol 2003;21(4): 
607-614. 


. Fuchs M, et al. Nodular lymphocyte-predominant Hodgkin lym- 


phoma. Curr Hematol Malign Rep 2008;3(3):126-131. 


. Young GA, [land HJ. Clinical perspectives in lymphoma. Intern 


Med J 2007;37(7):478-484. 

Liu Q, et al. Improvement of overall and failure-free survival in 
stage IV follicular lymphoma: 25 years of treatment experience 
at The University of Texas M.D. Anderson Cancer Center. J Clin 
Oncol 2006;24(10):1582-1589. 


. Ardeshna KM, et al. Long-term effect of a watch and wait pol- 


icy versus immediate systemic treatment for asymptomatic 
advanced-stage non-Hodgkin lymphoma: a randomised con- 
trolled trial. Lancet 2003;362(9383):516-522. 

Hiddemann W, et al. Frontline therapy with rituximab added to 
the combination of cyclophosphamide, doxorubicin, vincristine, 
and prednisone (CHOP) significantly improves the outcome for 
patients with advanced-stage follicular lymphoma compared 
with therapy with CHOP alone: results of a prospective random- 
ized study of the German Low-Grade Lymphoma Study Group. 
Blood 2005; 106(12):3725-3732. 

Griffiths R, et al. Survival in elderly follicular lymphoma patients 
who receive frontline chemo-immunotherapy. Am J Hematol 
2010;85(12):963-967. 

Vidal L, et al. Rituximab maintenance for the treatment of patients 
with follicular lymphoma: systematic review and meta-analysis 
of randomized trials. J Natl Cancer Inst 2009;101(4):248-255. 
Morschhauser fF, et al. Phase III trial of consolidation therapy 
with yttrium-90-ibritumomab tiuxetan compared with no addi- 
tional therapy after first remission in advanced follicular lym- 
phoma. J Clin Oncol 2008;26(32):5156-5164. 

Horning SJ, et al. Efficacy and safety of tositumomab and 
iodine-131 tositumomab (bexxar) in b-cell lymphoma, progres- 
sive after rituximab. J Clin Oncol 2005;23(4):712-719. 

Lee Y, et al. Lymphomas of the head and neck: CT findings at 
initial presentation. Am J Roentgenol 1987;149(3):575-581. 


. Zelenetz AD, et al. Non-Hodgkin's lymphomas. J Natl Comprehen 


Cancer Netw 2010;8(3):288-334. 


. Yahalom J. Radiation therapy after R-CHOP for diffuse large 


b-cell lymphoma: the gain remains. J Clin Oncol 2010;28(27): 
4105-4107. 

Coiffier B, et al. CHOP chemotherapy plus rituximab compared 
with CHOP alone in elderly patients with diffuse large-B-cell 
lymphoma. N Engl J Med 2002;346(4):235-242. 

Hochster H, et al. Maintenance rituximab after cyclophospha- 
mide, vincristine, and prednisone prolongs progression-free 
survival in advanced indolent lymphoma: results of the ran- 
domized phase II] ECOG1496 Study. J Clin Oncol 2009;27(10): 
1607-1614. 

Pfreundschuh M, et al. Prognostic significance of maximum 
tumour (bulk) diameter in young patients with good-prognosis 
diffuse large-B-cell lymphoma treated with CHOP-like chemo- 
therapy with or without rituximab: an exploratory analysis of the 
MabThera International Trial Group (MInT) study. Lancet Oncol 
2008;9(5):435-444. 


2 


88. 


89. 


90. 


91. 


92. 


93. 


94. 


95. 


100. 


101. 


102. 


103. 


104. 


Sehn LH, et al. Introduction of combined CHOP plus rituximab 
therapy dramatically improved outcome of diffuse large B-cell 
lymphoma in British Columbia. J Clin Oncol 2005;23(22): 
5027-5033. 


. Thomas DA, et al. Outcome with the hyper-CVAD regimens in 


lymphoblastic lymphoma. Blood 2004; 104(6):1624-1630. 
Coleman CN, et al. Treatment of lymphoblastic lymphoma in 
adults. J Clin Oncol 1986;4(11):1628-1637. 


. Mead GM, et al. An international evaluation of CODOX-M and 


CODOX-M alternating with IVAC in adult Burkitt's lymphoma: 
results of United Kingdom Lymphoma Group LY06 study. Ann 
Oncol 2002;13(8):1264-1274. 


. Zucca E, et al. Primary extranodal non-Hodgkin’s lymphomas. 


Part 2: Head and neck, central nervous system and other less 
common sites. Ann Oncol 1999;10(9):1023-1033. 


. Saul SH, Kapadia SB. Primary lymphoma of waldeyer’s ring clin- 


icopathologic study of 68 cases. Cancer 1985;56(1):157-166. 
Ezzat AA, et al. Localized non-Hodgkin’s lymphoma of 
Waldeyer’s ring: clinical features, management, and prognosis 
of 130 adult patients. Head Neck 2001;23(7):547-558. 


. Nayak LM, Deschler DG. Lymphomas. Otolaryngol Clin North 


Am 2003;36(4):625-646. 

Chang DT, et al. Long-term outcomes for stage I-II aggressive 
non-Hodgkin lymphoma of Waldeyer’s ring. Am J Clin Oncol 
2009;32(3):233-237. doi:10.1097/COC.0b013e318187ddbb. 
Avilés A, et al. Treatment of non-Hodgkin's lymphoma of 
waldeyer's ring: radiotherapy versus chemotherapy versus com- 
bined therapy. Eur J Cancer 1996;32(1):19-23. 

Aiken AH, Glastonbury C. Imaging Hodgkin and non-Hodgkin 
lymphoma in the head and neck. Radiol Clin North Am 2008; 
4G6(2):363-378, ix-x. 

Shohat I, et al. Primary non-Hodgkin's lymphoma of the sino- 
nasal tract. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 
2004;97(3):328-331. 

Hongyo T, et al. Specific c-kit mutations in sinonasal natu- 
ral killer/t-cell lymphoma in China and Japan. Cancer Res 
2000;60(9):2345-2347. 

Cuadra-Garcia I, et al. Sinonasal lymphoma: a clinicopathologic 
analysis of 58 cases from the Massachusetts General Hospital. 
Am J Surg Pathol 1999;23(11):1356. 

Abbondanzo SL, Wenig BM. Non-Hodgkin’s lymphoma of the 
sinonasal tract. A clinicopathologic and immunophenotypic 
study of 120 cases. Cancer 1995;75(G6):1281-1291. 

Cheung MM, et al. Primary non-Hodgkin's lymphoma of the 
nose and nasopharynx: clinical features, tumor immunophe- 
notype, and treatment outcome in 113 patients. J Clin Oncol 
1998;16(1):70-77. 

Wolvius EB, et al. Primary non-Hodgkin's lymphoma of the 
salivary glands. An analysis of 22 cases. J Oral Pathol Med 
1996;25(4):177-181. 

Kojima M, et al. Primary salivary gland lymphoma among 
Japanese: a clinicopathological study of 30 cases. Leukemia 
Lymphoma 2007;48(9):1793-1798. 


. Anacak Y, Miller RC, Constantinou N, et al. Primary mucosa- 


associated lymphoid tissue lymphoma of the salivary glands: 
a multicenter rare cancer network study. Int J Radiat Oncol Biol 
Phys 2012;82(1):315-320. 

Barnes L, Myers EN, Prokopakis EP. Primary malignant lym- 
phoma of the parotid gland. Arch Otolaryngol Head Neck Surg 
1998;124(5):573-577. 

Kassan SS, et al. Increased risk of lymphoma in sicca syndrome. 
Ann Intern Med 1978;89(6):888-892. 

Voulgarelis M, Moutsopoulos HM. Mucosa-associated lymphoid 
tissue lymphoma in Sjogren’s syndrome: risks, management, and 
prognosis. Rheum Dis Clin North Am 2008;34(4):921-933, viii. 
Chua SC, Rozalli FI, O'Connor SR. Imaging features of primary 
extranodal lymphomas. Clin Radiol 2009;64(6):574-588. 
Hirokawa N, et al. Diagnosis and treatment of malignant lym- 
phoma of the parotid gland. Jpn J Clin Oncol 1998;28(4):245-249. 
Eichhorn KW, Arapakis I, Ridder GJ. Malignant non-Hodgkin's 
lymphoma mimicking a benign parotid tumor: sonographic 
findings. J Clin Ultrasound 2002;30(1):42-44. 

Ha CS, et al. Localized non-Hodgkin lymphoma involving the 
thyroid gland. Cancer 2001;91(4):629-635. 


105. 


106. 


107. 


108. 


109. 


110. 


112. 


127. 


Hwang YC, et al. Clinical characteristics of primary thyroid lym- 
phoma in Koreans. Endocr J 2009;56(3):399-405. 

Pyke CM, et al. Non-Hodgkin's lymphoma of the thyroid: is 
more than biopsy necessary? World J Surg 1992;16(4):604-609; 
discussion 609-610. 

Doria R, Jekel JE Cooper DL. Thyroid lymphoma. The case for 
combined modality therapy. Cancer 1994;73(1):200-206. 
Kossev P, Livolsi V. Lymphoid lesions of the thyroid: review in 
light of the revised European-American lymphoma classifica- 
tion and upcoming World Health Organization classification. 
Thyroid 1999;9(12):1273-1280. 

Holm LE, Blomgren H, Lowhagen T. Cancer risks in patients with 
chronic lymphocytic thyroiditis. N Engl J Med 1985;312(10): 
601-604. 

Pedersen RK, Pedersen NT. Primary non-Hodgkin's lymphoma 
of the thyroid gland: a population based study. Histopathology 
1996;28(1):25-32. 

Widder S, Pasieka JL. Primary thyroid lymphomas. Curr Treat 
Opt Oncol 2004;5(4):307-313. 

Thieblemont C, et al. Primary thyroid lymphoma is a heteroge- 
neous disease. J Clin Endocrinol Metab 2002;87(1):105-111. 
Ruggiero FP, Frauenhoffer E, Stack BC Jr. Thyroid lymphoma: a sin- 
gle institution’s experience. Otolaryngology 2005;133(G6):888-896. 
Morgen EK, et al. The role of fine-needle aspiration in the diag- 
nosis of thyroid lymphoma: a retrospective study of nine cases 
and review of published series. J Clin Pathol 2010;63(2):129-133. 
Kwak JY, et al. Primary thyroid lymphoma: role of ultra- 
sound-guided needle biopsy. J Ultrasound Med 2007;26(12): 
1761-1765. 

Matsuzuka FE et al. Clinical aspects of primary thyroid lym- 
phoma: diagnosis and treatment based on our experience of 119 
cases. Thyroid 1993;3(2):93-99. 

Ishikawa H, et al. Comparison of primary thyroid lymphoma 
with anaplastic thyroid carcinoma on computed tomographic 
imaging. Radiat Med 2002;20(1):9-15. 

Kim HC, et al. Primary thyroid lymphoma: CT findings. Eur J 
Radiol 2003;46(3):233-239. 

Horny HP, Ferlito A, Carbone A. Laryngeal lymphoma derived 
from mucosa-associated lymphoid tissue. Ann Otol Rhinol 
Laryngol 1996;105(7):577-583. 


. Markou K, et al. Primary laryngeal lymphoma: report of 3 cases 


and review of the literature. Head Neck 2010;32(4):541-549. 


. Ansell SM, et al. Primary laryngeal lymphoma. Laryngoscope 


1997;107(11 Pt 1):1502-1506. 


. Siddiqui NA, et al. Imaging characteristics of primary laryngeal 


lymphoma. AJNR Am J Neuroradiol 2010;31(7):1261-1265. 


. Hall HI, et al. Estimation of HIV Incidence in the United States. 


JAMA 2008;300(5):520-529. 


. Levine AM. AIDS-related malignancies: the emerging epidemic. 


J Natl Cancer Inst 1993;85(17):1382-1397. 


. Burgi A, et al. Incidence and risk factors for the occurrence of 


non-AIDS-defining cancers among human immunodeficiency 
virus-infected individuals. Cancer 2005;104(7):1505-1511. 


. Cote TR, et al. Non-Hodgkin's lymphoma among people with 


AIDS: incidence, presentation and public health burden. AIDS/ 
Cancer Study Group. Int J Cancer 1997;73(5):645-650. 
Diamond C, et al. Changes in acquired immunodeficiency 
syndrome-related non-Hodgkin lymphoma in the era of highly 
active antiretroviral therapy: incidence, presentation, treatment, 
and survival. Cancer 2006; 106(1):128-135. 


Chapter 128: Lymphomas of the Head and Neck 


128. 


129. 


130. 


131, 


132. 


133); 


134. 


135, 


136. 
137; 


138. 


139: 
140. 


141. 


142. 


143, 


144, 


145. 


2043 


Pipkin S, et al. The effect of HAART and calendar period 
on Kaposi's sarcoma and non-Hodgkin lymphoma: results 
of a match between an AIDS and cancer registry. AIDS 
2011;25(4):463-471. doi:10.1097/QAD.0b013e32834344e6. 
Gucalp A, Noy A. Spectrum of HIV lymphoma 2009. Curr Opin 
Hematol 2010;17(4):362-367. 

Kaplan LD, et al. Rituximab does not improve clinical outcome 
in a randomized phase 3 trial of CHOP with or without ritux- 
imab in patients with HIV-associated non-Hodgkin lymphoma: 
AIDS-Malignancies Consortium Trial 010. Blood 2005;106(5): 
1538-1543. 

Sparano JA, et al. Rituximab plus concurrent infusional EPOCH 
chemotherapy is highly effective in HIV-associated B-cell non- 
Hodgkin lymphoma. Blood 2010; 115(15):3008-3016. 

Murray JE, et al. Five years’ experience in renal transplantation 
with immunosuppressive drugs: survival, function, complica- 
tions, and the role of lymphocyte depletion by thoracic duct 
fistula. Ann Surg 1968;168(3):416-435. 

Swerdlow SH. Post-transplant lymphoproliferative disorders: a 
morphologic, phenotypic and genotypic spectrum of disease. 
Histopathology 1992;20(5):373-385. 

Paya CV, et al. Epstein-Barr virus-induced posttransplant lym- 
phoproliferative disorders. ASTS/ASTP EBV-PTLD Task Force 
and The Mayo Clinic Organized International Consensus 
Development Meeting. Transplantation 1999;68(10):1517-1525. 
Dharnidharka VR, et al. Risk factors for posttransplant lym- 
phoproliferative disorder (PTLD) in pediatric kidney trans- 
plantation: a report of the North American Pediatric Renal 
Transplant Cooperative Study (NAPRICS). Transplantation 
2001;71(8):1065-1068. 

Knight JS, et al. Lymphoma after solid organ transplantation: 
risk, response to therapy, and survival at a transplantation cen- 
ter. J Clin Oncol 2009;27(20):3354-3562. 

Ghobrial IM, et al. Prognostic analysis for survival in adult solid 
organ transplant recipients with post-transplantation lymphop- 
roliferative disorders. J Clin Oncol 2005;23(30):7574-7582. 
Vargas H, et al. Posttransplant lymphoproliferative disorder of 
the nasopharynx. Am J Rhinol 2002;16(1):37-42. 

Loevner LA, et al. Posttransplantation lymphoproliferative dis- 
order of the head and neck: imaging features in seven adults. 
Radiology 2000;216(2):363-369. 

Starz] TE, et al. Reversibility of lymphomas and lymphoprolif- 
erative lesions developing under cyclosporin-steroid therapy. 
Lancet 1984;1(8377):583-587. 

Tsai DE, et al. Reduction in immunosuppression as initial ther- 
apy for posttransplant lymphoproliferative disorder: analysis 
of prognostic variables and long-term follow-up of 42 adult 
patients. Transplantation 2001;71(8): 1076-1088. 

Reshef R, et al. Reduction of immunosuppression as ini- 
tial therapy for posttransplantation lymphoproliferative 
disorder(bigstar). Am J Transpl 2011; 11(2):336-347. 

Elstrom RL, et al. Treatment of PTLD with rituximab or chemo- 
therapy. Am J Transpl 2006;6(3):569-576. 

Trappe RU, et al. Risk stratified sequential treatment with ritux- 
imab and chop chemotherapy in b-cell PILD—defining a new 
standard of care: results from a prospective international multi- 
center trial: 1322. Transplantation 2010;90:257. 

Trappe R, et al. Treatment of PTLD with rituximab and CHOP 
reduces the risk of renal graft impairment after reduction of 
immunosuppression. Am J Transpl 2009;9(10):2331-2337. 


Neoplasms of the Nose 
and Paranasal Sinuses 


Lee A. Zimmer 


Malignant tumors of the sinonasal tract constitute about 3% 
of tumors arising in the upper respiratory tract. They occur 
most commonly in whites, and the incidence in males is 
twice the incidence in females (1). Exposure to industrial 
fumes, wood dust, nickel-refining processes, and leather 
tanning has been implicated in the carcinogenesis of certain 
types of sinonasal malignant tumors. Other industrial expo- 
sures associated with an increased incidence of sinonasal 
cancer include mineral oils, chromium and chromium com- 
pounds, isopropyl oils, lacquer paint, soldering and weld- 
ing, and radium dial painting. A recent report demonstrates 
a higher incidence of nasal cancers in cigarette smokers (1). 


Diagnosis 


Tumors of the sinonasal tract commonly present with symp- 
toms similar to those caused by inflammatory sinus disease, 
such as nasal airway obstruction, epistaxis, headache, facial 
pain, and nasal discharge, and are frequently asymptomatic 
in 9% to 12% of patients, contributing to a delay in the 
diagnosis and advanced stage of disease. Regional and dis- 
tant metastases are infrequent despite the advanced stage 
of the primary tumor. The incidence of cervical metastases 
on initial presentation varies from 1% to 26%, with most 
series reporting less than 10%. In one large series, the 5-year 
incidence of neck metastasis is 4.3% for primary ethmoid 
malignancies and 12.5% for primary maxillary malignan- 
cies (2). This number decreases in patients treated with 
radiation to the neck. The presence of distant metastasis on 
initial presentation is even less common, with most authors 
reporting an incidence of less than 7%. 

The physical examination should be thorough, with 
emphasis on the sinonasal region, orbit, cranial nerves, and 
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should include nasal endoscopy. Although not pathonog- 
monic, numbness or hypoesthesia of the infraorbital (V2) 
or supraorbital (V3) nerve strongly suggests malignant 
invasion. Other findings such as proptosis, chemosis, extra- 
ocular muscle impairment, mass effect in the cheek, gingiva 
or gingivobuccal sulcus (e.g,, ill-fitting dentures), and loose 
dentition also suggest the presence of a sinonasal tumor. 
Table 129.1 provides a summary of diagnostic techniques. 

Radiologic imaging is essential for staging. Plain films 
may demonstrate bone destruction; however, a significant 
number will be interpreted as normal. A screening computed 
tomography (CT) scan is more accurate than plain films to 
evaluate the bony framework of the paranasal sinuses and 
compares favorably with the cost of plain films. High-risk 
patients with a history of carcinogen exposure, severe per- 
sistent pain, cranial neuropathies, exophthalmos, chemosis, 
and sinonasal disease and those with persistent symptoms 
after adequate medical treatment should be evaluated with 
an axial and coronal CT scan with contrast or magnetic reso- 
nance imaging (MRI) with contrast. CT scanning is superior 
for the evaluation of the bony confines of the sinonasal tract 
and skull base. The use of contrast provides an estimate of the 
tumor vascularity and its relationship to the carotid artery. 

MRI differentiates adjacent tumor from soft tissue, dif- 
ferentiates secretions in an obstructed sinus from a space- 
occupying lesion, demonstrates perineural spread, suffers 
less artifact effect with dental fillings, offers the advantage 
of imaging in the sagittal plane, and does not involve expo- 
sure to ionizing radiation. Coronal MRI images are supe- 
rior for the evaluation of the foramen rotundum, vidian 
canal, foramen ovale, and optic canal. Sagittal images are 
most useful to demonstrate the replacement of the normal 
low-intensity signal of Meckel’s cave and the high-intensity 
signal of fat in the pterygopalatine fossa (PtPF) by tumor 
signals similar to brain. MRI, however, is more expensive 
than CT scan, more prone to motion artifact, and less 
tolerated due to claustrophobia. 
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History and Physical 
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Risk Factors/Cranial Nerve Deficits, Nasal Mass 


Imaging 
CT scanning Evaluation of bony boundaries of PNS; not cost-effective 
MRI Evaluation of soft tissue invasion and perineural spread; differentiate 
retained secretions from tumor 
PET Routine evaluation for recurrent disease after primary treatment and 
distant metastasis; useful for SCCA; cost-effectiveness unknown 
Biopsy 


Sinus lavage/cytology 
Fine needle aspiration 
Transnasal biopsy 


Positron emission tomography (PET) is commonly 
used for malignancies of the head and neck for staging and 
surveillance. The combined PET/CT scanner adds anatomi- 
cal detail which aids in surgical planning by defining the 
extent of tumor. Although many reports have documented 
the use of PET in head and neck cancer, none have evalu- 
ated the use of this modality for malignant tumors of the 
nose and paranasal sinuses. 

Angiography with carotid flow study is reserved for sur- 
gical candidates presenting with tumors that surround the 
carotid artery or when sacrifice of the vessel is anticipated 
to obtain clear margins. Balloon occlusion tests, used with 
SPECT, Xenon CT scan, or Transcranial Doppler, offer a 
reasonable estimate of the risk of ischemic brain infarction 
if the internal carotid artery is sacrificed. These tests, how- 
ever, cannot predict ischemia at marginal (“watershed”) 
areas or embolic phenomena. 

A CT scan of the chest and abdomen is recommended 
for patients presenting with tumors that metastasize hema- 
togenously, such as sarcomas, melanoma, and adenoid 
cystic carcinoma. Metastatic evaluation is important if 
an extensive resection is considered. A lumbar puncture, 
brain and spine imaging are recommended for tumors that 
invade the meninges or brain. 


Pathology 


The sinonasal tract pathology, with certain important 
exceptions, reflects the pathology found in other areas 
of the head and neck (Table 129.2). We provide a brief 
description of the most common histologic diagnoses. 


Benign Epithelial Tumors 


Papillomas arise from squamous or schneiderian epi- 
thelium. The keratotic papilloma of the vestibule (ves- 
tibular wart) behaves like other cutaneous counterparts. 
It is easily treated by simple excision or cauterization. 


Direct or endoscopic. Preferred modality 


TABLE 
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Epithelial 
Benign 
Exophytic papilloma 
Inverted papilloma 
Columnar papilloma 
Adenoma 
Malignant 
Squamous cell carcinoma 
Transitional cell carcinoma 
Adenocarcinoma 
Adenoid cystic carcinoma 
Melanoma 
Olfactory neuroblastoma 
Undifferentiated carcinoma 
Nonepithelial 
Benign 
Fibroma 
Chondroma 
Osteoma 
Neurilemmoma 
Neurofibroma 
Hemangioma 
Malignant 
Soft tissue sarcoma 
Rhabdomyosarcoma 
Leiomyosarcoma 
Fibrosarcoma 
Liposarcoma 
Angiosarcoma 
Myxosarcoma 
Hemangiopericytoma 
Connective tissue sarcoma 
Chondrosarcoma 
Osteosarcoma 
Lymphoreticular tumors 
Lymphoma 
Plasmacytoma 
Giant cell tumor 
Metastatic carcinoma 
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Inverted 
Papillomas Fungiform Papilloma Cylindrical Papilloma 
Site of origin Lateral wall Septum Lateral wall 
Frequency 47% 50% 3% 
Recurrence rate 27%-73% 22%-50% 25%-35% 
Associated with 13% 3%-5% 15% 
malignancy 


Adapted from Barnes EL. Surgical pathology of the head and neck, Vol. 1. New York: Marcel Dekker, 1985. 


Papillomas of the nasal cavity may be classified in three 
distinct categories (Table 129.3). Fungiform papillomas 
arise from the nasal septum, while inverted and cylin- 
drical papillomas typically arise from the lateral nasal 
wall. Although benign in nature, extension beyond their 
site of origin can destroy bone, recur when not excised 
completely, and may be associated with malignant 
tumors (3,4). They are most commonly diagnosed in 
white males during the fifth to seventh decades (mean 
50 years). En bloc resection has been the gold stan- 
dard for the treatment of these lesions (Table 129.4). 
MRI, CT scanning, and nasal endoscopy permit an accurate 
preoperative mapping of these lesions, allowing a more 
conservative resection through less invasive approaches. 
During the last decade, various endoscopic, transnasal 
techniques for the resection of inverting papillomas have 
been reported (4,5). Transnasal techniques avoid the 
use of incisions and usually require a shorter hospital 
stay than external approaches. The endoscopic approach 


TABLE 


129.4 


provides superior visualization of the posterior ethmoid 
cells, especially those that extend lateral to the sphenoid 
sinus or around the optic nerve (Onodi cells). In expert 
hands, resection with an endonasal, medial maxillectomy 
approach has equal recurrence rates as traditional open, 
en bloc resections (Table 129.5) (5). 

Adenomas of the sinonasal tract arise more commonly 
in the nasal septum. Most are found during the fourth 
to the seventh decade, occurring with an equal sex dis- 
tribution. The recurrence rate is low following complete 
removal (10%). 


Malignant Epithelial Tumors 


Squamous cell carcinoma (SCCA) is the most common 
tumor of the sinonasal tract. It is most commonly 
reported in white males in their fifth to sixth decade. The 
prognosis is related to the extent of the tumor and the site 
of origin. 


Lateral Rhinotomy-Medial 


Authors Maxillectomy Conservation Resection? 
Benninger et al. (1991) 0% (0/20) 36% (5/14) 
Myers et al. (1990) 5% (1/22) 0% (0/4) 
Pelausa and Fortier (1992) 7% (1/14) 77% (37/48) 
Outzen et al. (1991) 7% (3/44) 27% (3/11) 
Lawson et al. (1989) 9% (7/77) 10% (1/10) 
Segal et al. (1986) 10% (1/10) 70% (10/14) 
Kristensen et al. (1985) 12% (7/57) 38% (8/21) 
Phillips et al. (1990) 13% (9/72) 44% (4/9) 
Smith and Gullane (1987) 27% (3/11) 57% (4/7) 
Dolgin et al. (1992) 29% (4/14) 44% (4/9) 
Weissler et al. (1986) 29% (37/126) 67% (103/153) 
Bielamowicz et al. (1993) 30% (60/20) 74% (17/23) 

( ( 


Averages 


16% (79/487) 


"Does not include reports of endoscopic resection. 
Adapted from Lawson W, Ho BT, Shaari CM, et al. Inverted papillomas: a report of 112 cases. 
Laryngoscope 105:282-288. 


60% (209/350) 
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5) ENDOSCOPIC RECURRENCE RATES 
«4:8 FOR INVERTING PAPILLOMA 


Authors Recurrence Rates 
Sham et al. (2009) 30% (8/26) 
Lawson et al. (2009) 6% 

Kim (2008) 4% (4/94) 
Mackle (2008) 7% (4/55) 
Sautter (2007) 22% (11/49) 
Holzmann (2007) 4% (2/51) 
Minovi (2006) 10% (5/48) 
Pasquini (2004) 3% (1/36) 
Tomenzoli (2004) 0% (0/47) 


Adenocarcinomas make up 4% to 8% of all sinonasal 
tumors. They originate most commonly in the ethmoid 
sinuses and nasal cavity and are associated with exposure 
to hardwood dust. Adenocarcinomas may be divided into 
low and high grades according to their histologic charac- 
teristics and behavior. Low-grade tumors present a uni- 
form glandular architecture and cytologic characteristics, 
with rare mitoses and seldom perineural invasion or dis- 
tant metastases. Low-grade adenocarcinomas tend to recur 
locally. High-grade adenocarcinoma has a solid growth 
pattern with poorly defined margins, prominent pleomor- 
phism, and large number of mitoses. One-third of patients 
with high-grade adenocarcinomas will present with dis- 
tant metastases. Approaches to adenocarcinomas of the 
paranasal sinuses include anterior craniofacial resection, 
lateral rhinotomy, and endonasal techniques with or with- 
out radiotherapy. The 5-year disease-specific survival for 
patients with adenocarcinoma of the nose and paranasal 
sinuses following surgery and radiation therapy is 100% 
for T1, 93% for T2, 60% for T3, and 0% for T4 lesions (6). 
Disease extension to the orbit, infratemporal fossa, frontal 
sinus and dura are poor prognostic indicators. 

Adenoid cystic carcinomas of the sinonasal tract com- 
prise 14% to 20% of all the adenoid cystic carcinomas 
arising in the head and neck. They are characterized by 
eatly spread to neurovascular structures, submucosal 
spread, and advanced stage at the time of diagnosis. Low- 
grade tumors are defined by histology with less than 30% 
solid architecture and include the cribriform and tubular 
patterns. High-grade tumors correspond to those with a 
histologic pattern with more than 30% solid cellular archi- 
tecture. The incidence of perineural invasion is similar 
for both grades, but the incidence of local recurrence and 
metastases is higher in the solid type. High rates of recur- 
rence (50% to 76%) are likely due to perineural spread and 
positive microscopic margins not identified at the time of 
surgery (7,8). The treatment of adenoid cystic carcinoma 
of the sinonasal tract is primarily surgical, although com- 
bined surgery and postoperative radiation therapy appear 
to yield better local control. 
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In the MD Anderson experience, among the 105 
patients presenting with ACC of the sinonasal tract, most 
Patients presented with locally advanced disease (8). 
Tumor extended to the skull base in 28% of patients and 
invaded the skull base and brain in 24%. Margins are dif- 
ficult to clear even with extensive craniofacial resection due 
to the proximity to vital structures and the propensity for 
perineural spread, which in this series was 60% of patients. 
The survival rate at 2 years was 46% following primary 
treatment and 15% following salvage surgery. Patients 
recurred locally (31%), and 38% developed regional or dis- 
tant recurrence. Overall 5-year survival was 50% for stage I 
to II and 20% for stage IV. 

Melanoma of the sinonasal tract may be primary or met- 
astatic. Although 20% of all melanomas originate in the 
head and neck, less than 1% arises from the sinonasal tract. 
They are most commonly found in the nasal cavity, followed 
by the maxillary sinus, ethmoid sinus, and frontal sinus, in 
descending order. Most patients present with disease con- 
fined to the site of origin but show a tendency toward early 
vascular and lymphatic invasion with a high incidence of 
local recurrence after surgical excision. Postoperative radia- 
tion therapy may be beneficial, although its impact on sur- 
vival and local control has not been addressed in scientific 
trials. The median survival for patients presenting with 
sinonasal melanoma is 15 months with a 5-year overall sur- 
vival of 23% (9). The most common cause of failure is local 
recurrence, whereas the most important factor in predicting 
survival is metastatic disease (9,10). 

Olfactory neuroblastoma is a rare tumor arising in the 
olfactory epithelium. Patients often present with nasal 
obstruction and epistaxis. It has a bimodal frequency at 10 
to 20 and 50 to 60 years of age, with a similar incidence 
in males and females. Its prognosis is related to the extent 
of disease and resectability on initial presentation. Most 
institutions have adopted combined therapies based on 
the Kadish staging system (Table 129.6). The UCLA clas- 
sification (Table 129.7), however, provides better prog- 
nostication regarding local recurrences as factors such as 
intradural and orbital invasion are not considered in the 
Kadish staging system. The advent of open or endoscopic 
craniofacial resection with postoperative radiation to the 
primary site and neck has improved the therapeutic results 
(11). In a recent meta-analysis, the 5-year disease-free sur- 
vival for all stages is 78% following combined surgery with 
radiotherapy and 47% for Kadish stage C (12). 


53) KADISH STAGING SYSTEM FOR 
4 Vi:-) OLFACTORY NEUROBLASTOMA 


StageA Tumor confined to the nasal cavity 
Stage B Tumor in nasal cavity extending to paranasal sinus 
Stage C Tumor extending to orbit, base of skull, cranial 


cavity or with cervical/distant metastasis 
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L\5) UCLA STAGING SYSTEMS FOR 
4 yl: OLFACTORY NEUROBLASTOMA 


Stage 


Description 


T1 Tumor involving the nasal cavity and/or paranasal 
sinuses (excluding sphenoid), sparing the most 
superior ethmoidal air cells 

T2 Tumor involving the nasal cavity and/or paranasal 
sinuses (including the sphenoid) with extension 
to or erosion of the cribriform plate 


T3 Tumor extending into the orbit or protruding into 
the anterior cranial fossa 
T4 Tumor involving the brain 


Sinonasal undifferentiated carcinomas are usually 
composed of small and medium-sized cells and must be 
differentiated from rhabdomyosarcomas, melanoma, 
olfactory neuroblastoma, lymphoma, and SCCA. The 
progression of symptoms is very rapid, and they usu- 
ally present with very advanced stage involving multiple 
sinuses. Treatment includes trimodal therapy employing 
chemotherapy (cyclophosphamide, doxorubicin and vin- 
cristine), radiation therapy, and, in appropriate cases, sur- 
gery. Patients with intracranial disease fared poorly despite 
aggressive combination therapy. 


Benign Nonepithelial Tumors 


Fibro-osseous lesions, including osteomas, fibromas, and 
chordomas, are the most common benign tumors of the 
sinonasal tract. Their growth is usually slow and self-limited. 
Simple surgical excision is recommended when a histologic 
diagnosis is needed or to relieve obstructive symptoms. 

Fewer than 4% of benign peripheral nerve sheath 
tumors of the head and neck arise in the nose and parana- 
sal sinuses. They present as polypoid, slow-growing masses, 
reaching a very large size and often causing facial defor- 
mities and local destruction of adjacent structures. Ninety 
percent of the nerve sheath tumors show a benign histol- 
ogy. Two-thirds of these tumors are schwannomas and 
one-third neurofibromas. Unlike other regions, schwan- 
nomas of the nose and paranasal sinuses often lack tumor 
encapsulation, with neoplastic cells undermining adjacent 
respiratory mucosa (13). Treatment is by complete surgi- 
cal excision, or partial removal for massive neurofibromas 
involving vital areas. 


Malignant Nonepithelial Tumors 


Neurogenic sarcomas are rare in the head and neck and 
commonly associated with neurofibromatosis. Neurogenic 
sarcomas are locally aggressive and frequently present with 
distant metastases. Surgery plays a primary role in their 
therapy; radiation and chemotherapy are usually reserved 


for incomplete removal, inoperable cases, or recurrences 
(14). The 5-year survival rate is 60% although sarcomas 
associated with neurofibromatosis behave more aggres- 
sively, yielding a 5-year survival rate of 30% (14). 

Rhabdomyosarcomas arise in the head and neck in 35% 
to 45% of cases. In 10% of patients, they originate in the para- 
nasal sinuses (15). These tumors may assume the morphol- 
ogy of any of the developmental stages of striated muscle, 
hence the classification into embryonal, alveolar, and pleo- 
morphic types. There is a bimodal distribution pattern in 
childhood, with the embryonal occurring in the first decade 
and the alveolar type in adolescents. Rhabdomyosarcomas 
have a less favorable outcome in adults, with a 5-year sur- 
vival rate of only 35% (16). The head and neck region is less 
involved in adults, with the viscera and extremities the most 
common sites of presentation. 

Rhabdomyosarcomas of the sinonasal tract are classi- 
fied as nonorbital parameningeal and behave more aggres- 
sively than those arising in other locations. Systemic and 
regional metastases are common. In 1987, the Intergroup 
Rhabdomyosarcoma Study I reported the use of intensive 
radiation and chemotherapy on patients with nonorbital 
parameningeal rhabdomyosarcoma showing an improve- 
ment of the survival rate from 51% to 81%. In 2002, 
Intergroup Rhabdomyosarcoma Study IV reported further 
improvements in survival for those patients with cranial 
Parameningeal involvement (17). Patients with cranial 
Pparameningeal sarcomas, but without meningeal invasion, 
require multiagent chemotherapy followed by radiation 
therapy. High-risk tumors defined as intracranial tumors, 
tumors that eroded the base of skull or that caused a cra- 
nial neuropathy were treated with triple intrathecal che- 
motherapy, whole brain radiation, and spinal radiation. At 
5 years, 73% of patients were alive, compared with 45% 
in IRS I. Overall survival for patients with paranasal sinus 
involvement was 76% for the low-risk group and 57% for 
the high-risk group. Failure-free survival was 57% for the 
low-risk group and 52% for the high-risk group. Aggressive 
initial surgical therapy was not warranted. These results, 
however, have never been confirmed in adults. Adult rhab- 
domyosarcoma is usually treated by wide surgical excision. 
Radiation is recommended for positive margins or inop- 
erable or recurrent disease. Chemotherapy has a palliative 
role that must be weighed against its possible morbidity. 

Fibrosarcoma is a tumor arising from fibroblasts, thus, 
the term encompasses a spectrum of malignancies that 
ranges from low-grade fibromatosis to high-grade tumors. 
Misdiagnosis is very common. Radiation and trauma have 
been implicated as possible etiologic factors. The treatment 
of choice is wide surgical excision for previously untreated 
tumors. Radiation is recommended for involved margins 
or recurrent or inoperable tumors. 

Hemangiopericytoma is a very rare, highly vascu- 
lar tumor arising from the pericapillary pericytes of 
Zimmerman. Histologic examination reveals oval- and 
spindle-shaped pericytes. Benign and malignant varieties 
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have been described. Malignant tumors are distinguished 
by increased mitotic activity, high cell density, and necrotic 
and hemorrhagic zones. They invade locally and metas- 
tasize in 10% to 15% of cases. Hematogenous metastases 
involve lung, liver, and bone. Sixteen percent are found in 
the head and neck, with about 50 reported cases arising in 
the sinonasal tract (18). Their prognosis relates to the size 
of the lesion, number of mitoses, and metastases. The pri- 
mary treatment is surgical excision. 

Osteogenic sarcoma is the most common primary tumor 
of bone in the United States, with an estimated incidence 
of one case per 100,000. Those originating within the jaws 
constitute 7% to 10% of all osteosarcomas. Etiologic factors 
include ionizing, radiation, fibrous dysplasia, trauma, Paget 
disease, and the gene associated with retinoblastoma. The 
most effective therapy is surgical excision. However, during 
the past decade, several reports have suggested that adjunc- 
tive radiation and chemotherapy may improve survival. 
A multi-institutional review and meta-analysis demon- 
strated a 2- and 5-year disease-free survival for maxillary 
osteosarcomas of 65% and 38%, respectively (19). Adjuvant 
therapy, including radiation, chemotherapy, or combina- 
tion therapy, failed to improve outcome. Nonetheless, 
these authors acknowledge a selection bias and therefore 
the role of adjuvant therapy remains unresolved. 

Chondrosarcomas are slow-growing tumors that usu- 
ally arise from cartilaginous structures. These tumors have 
been graded from I to III on the basis of the rate of mitoses, 
cellularity, and nuclear size. Size of the tumor and grading 
correlates with the rate of metastasis, local aggressiveness, 
and ultimate survival. Surgical removal with wide margins 
is the treatment of choice. Gross total removal with post- 
operative radiation is recommended for those involving 
vital structures. 

Although the metastatic potential and oncologic out- 
come of sarcomas arising in the sinonasal tract is variable 
among the different histologic types, the local behavior 
of sarcomas is similar. Sarcomas are infiltrative, usually 
advancing to areas farther than what is appreciated by the 
naked eye; thus, they are often incompletely resected and 
therefore recur locally. Wide excision improves the local 
control, but this is difficult to perform when dealing with 
the sinonasal tract, which is adjacent to important if not 
vital structures. Cranial base surgery may improve the local 
control of sarcomas of the sinonasal tract. 

Lymphoma of the sinonasal tract accounts for only 
0.17% of all lymphomas. T-cell lymphomas are more 
common in Asian populations, while B-cell lymphomas 
are more common in Western populations. The primary 
sites of occurrence in the sinonasal tract are the maxillary 
sinus (79%) and nasal cavity (20%) (20). The treatment 
includes radiation therapy for localized lesions and che- 
motherapy to prevent systemic recurrence. The biologic 
behavior is remarkably different in the pediatric and adult 
populations. Adults suffer frequent relapses, commonly 
involving the abdomen, and show a 5-year survival rate of 
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around 45%, Distant metastases are often associated with 
failure to treat with chemotherapy in the primary setting 
(20). In children, complete remissions are more common, 
involvement of the gastrointestinal tract is rare, and the 
5-year survival rate is close to 75%. 

Eighty to ninety percent of patients with extramedul- 
lary plasmacytoma have involvement of the head and neck 
region, 40% arise in the sinonasal tract. It is more common 
in the sixth to seventh decades. It tends to spread locally, 
and can be found in the cervical nodes in less than 25% 
of the cases. The prognosis is unpredictable, and a variable 
number of the patients will be diagnosed with multiple 
myeloma. It is of utmost importance to rule out this diag- 
nosis on the initial presentation. Most of these lesions will 
respond to radiation therapy in doses of 4,000 to 5,000 
cGy administered over 4 to 5 weeks. 


Metastatic Tumors 


Metastatic tumors to the sinonasal tract produce symp- 
toms similar to those of primary tumors. More than 100 
cases have been reported, metastasizing to the maxil- 
lary, ethmoid, frontal, and sphenoid sinus in descending 
order. The most common primary sources are the kidneys, 
breasts, and lungs. The treatment is palliative, using radia- 
tion, surgery, or chemotherapy to relieve obstructive and 
compressive symptoms or pain. 


STAGING 


A staging system provides a guide to define the extent and 
prognosis of a tumor and also serves as a communication 
tool, allowing different institutions to compare their expe- 
rience with the use of different therapeutic modalities. The 
American Joint Committee on Cancer (AJCC) TNM stag- 
ing system of the nose and paranasal sinuses is provided 
(Table 129.8). The AJCC recommends a different system 
for soft tissue sarcomas. This system includes a histologic 
grading system that differs from the system used for epithe- 
lial tumors. Grading is thought to be the most significant 
prognostic factor in patients with mesenchymal tumors 
and is based on the number of mitoses, degree of cellular- 
ity, amount of stroma, degree of maturation, nuclear pleo- 
morphism, and presence or absence of necrosis. 


PRINCIPLES OF TREATMENT 
Surgery 


Diagnostic (Biopsy) 

Tissue sampling may be performed using endoscopic sinus 
surgery instruments or through open transcutaneous or 
transoral procedures (e.g., Caldwell-Luc antrostomy, exter- 
nal ethmoidectomy, rhinotomy). The former is preferred 
since it provides good access and hemostatic control with 
less morbidity, and does not contaminate other soft tissues. 
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TABLE 


129.8 MAXILLARY SINUS TNM STAGING FOR PRIMARY TUMOR (T) 


T™ Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Tis Carcinoma in situ 

T1 Tumor limited to maxillary sinus mucosa with no erosion or destruction of bone 

T2 Tumor causing bone erosion or destruction including extension into the hard palate and/or middle nasal meatus, except 
extension to posterior wall of maxillary sinus and pterygoid plates 

T3 Tumor invades any of the following: bone of the posterior wall of the maxillary sinus, subcutaneous tissues, floor or medial 


wall of orbit, pterygoid fossa, ethmoid sinuses 


T4a Tumor invades anterior orbital contents, skin of cheek, pterygoid plates, infratemporal fossa, cribriform plate, sphenoid or 


frontal sinuses 


T4b Tumor invades any of the following: orbital apex, dura, brain, middle cranial fossa, cranial nerves other than maxillary division 


of trigeminal nerve (V2), nasopharynx, or clivus 


American Joint Committee on Cancer. Manual for staging of cancer, 6th ed. New York: Springer-Verlag, 2002:61. 


Drainage/Debridement 


An adequate drainage port (eg., nasoantral window) 
should be opened in patients presenting with secondary 
bacterial sinusitis and in patients who will require radia- 
tion therapy as primary treatment. 


Resection 


Surgical resection is usually recommended with curative 
intent. Palliative excision may be considered to alleviate 
intractable pain, to provide rapid decompression of vital 
structures, or to debulk a massive lesion, thus freeing the 
patient from social embarrassment. Surgery as a single 
treatment modality for malignant tumors of the sinonasal 
tract has yielded 5-year survival rates from 19% to 86%. 
Figures 129.1 through 129.6 demonstrate the most com- 
mon surgical approaches and techniques. 

With recent advances in preoperative imaging, intraop- 
erative image guidance systems, endoscopic instrumenta- 
tion, and materials for hemostasis, endonasal techniques 
for the removal of nasal and paranasal sinus tumors may 
be a viable alternative to the traditional open techniques. 
Endoscopic approaches can access and visualize tumors in 
the nasal cavity, ethmoid, sphenoid, medial frontal, and 
medial maxillary sinuses. Frozen sections must be uti- 
lized as the tumor is often removed in a piecemeal fash- 
ion. Improvements in functional recovery and long-term 
survival, however, are yet to be described. A recent review 
of 134 patients undergoing endoscopic resection of sino- 
nasal malignancies revealed a 5-year disease-free survival 
rate 91% and a 59% survival rate for open procedures (21). 
Unfortunately, the data were not stratified by stage. 


Rehabilitation 


The main goals of postsurgical rehabilitation are primary 
wound healing, preservation or reconstruction of the 


facial contour, and restoration of oronasal separation, thus 
facilitating speech and swallowing. Functional consider- 
ations take precedence over aesthetics. Rehabilitation after 
surgical resection may be achieved with a dental prosthe- 
sis or reconstructive flaps, such as temporalis muscle flaps 
with and without the inclusion of cranial bone, pedicled 
or microvascular free myocutaneous flaps (e.g., pectoralis 
major, latissimus dorsi, trapezius), and cutaneous flaps 
(e.g., forehead, scalp, deltopectoral). Flaps are recom- 
mended to replace resected skin, to provide support for 
the orbit or brain, or to isolate the cranial cavity from the 
upper aerodigestive tract. 

A total maxillectomy defect should not be obliterated 
at the initial operation; an open cavity facilitates cleansing 
and direct visual inspection during the follow-up period. 
Patients requiring a craniofacial resection, especially those 
needing an orbital exenteration deserve special consid- 
eration, since a recurrence after an adequate craniofacial 
resection is uniformly lethal. From the functional stand- 
point, patients require immediate separation of the cranial 
cavity from the upper aerodigestive tract and support of the 
brain. A pericranial flap and transfer of a temporalis muscle 
flap achieves these goals. The temporalis muscle, however, 
is often devascularized after an infratemporal fossa dissec- 
tion or its bulk may be inadequate to obliterate the dead 
space. Under these circumstances, the maxillectomy cavity 
may be obliterated with a free microvascular flap, offering 
immediate palliation and oronasal separation without the 
need for a prosthesis. 


Radiation Therapy 


The response of sinonasal tract tumors to radiation varies 
with the stage and histology of the tumor. Radiation may 
be used as a single modality, as an adjunct to surgery, or as 
palliative therapy. Recent reports indicate that postopera- 
tive radiation improves local control but not cause specific 
or absolute survival (22). Radiation therapy is the primary 
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treatment for lymphoreticular tumors, for patients who are 
poor surgical candidates and for those patients who refuse 
surgery. Preoperative and postoperative radiation therapy 
seems to produce similar results. We and others favor 
postoperative radiation since there is a smaller volume of 
tumor cells to kill, the margins of the nonradiated tumor 
can be better defined during surgery and the postoperative 
wound healing is more predictable. 


A 


2051 


Chemotherapy 


The role of chemotherapy for the treatment of tumors 
of the sinonasal tract is usually palliative, using its cyto- 
reductive effect to relieve pain, obstruction, or to deb- 
ulk a massive external lesion. Nevertheless, the failure of 
combination therapy, including surgery and radiation, to 
achieve local control, the need for deforming procedures, 


Figure 129.1 Medial maxillectomy. Lateral rhinotomy: A: The skin incision begins beneath the 
medial aspect of the eyebrow and continues 4 to 5 mm anterior to the medial canthus and over the 
nasal bone along the deepest portion of the nasomaxillary groove and following the alar crease. A 
lip-splitting extension of the incision is not necessary. To expose the surgical area, the cheek flap 
is elevated subperiosteally over the maxilla and around the infraorbital nerve. The periorbita is el- 
evated over the lamina papyracea, and the frontoethmoid suture is identified and followed posteri- 
orly until the anterior and posterior ethmoid arteries are identified. The anterior wall of the antrum is 
penetrated at the canine fossa using a 4-mm chisel. The antrostomy is enlarged with a Kerrison ron- 
geur around the infraorbital nerve and superiorly toward the inferior orbital rim. B: Bone is removed 
across the orbital rim, including the lacrimal fossa. The nasolacrimal duct is divided and the lacrimal 
sac is opened and marsupialized (C). D: Osteotomies and removal of the specimen. The first oste- 
otomy involved in the actual removal extends through the piriform aperture at the level of the nasal 
floor, directed posteriorly until the osteotomy perforates the posterior wall of the antrum. The orbit 
is retracted laterally, and a second osteotomy is performed at the frontoethmoid suture, extending 
posteriorly to a point 2 to 3 mm posterior to the posterior ethmoid artery (i.e., anterior to the optic 
foramen). E: The thin bone of the medial floor of the orbit is sawed following a line that joins the 
lacrimal fossa with the superior osteotomy. The final bone cut involves three steps. First, a 2-mm 
osteotome is introduced through the anterior antrostomy and directed through the medial poste- 
rior antral wall. The osteotome is advanced superiorly to reach the level of the superior osteotome 
and is then pushed medially. Second, a wide osteotome, introduced through the nose, is impacted 
into the anterior wall of the sphenoid sinus, and then pushed laterally. Heavy right-angle scissors 
(e.g., upper-lateral-cartilage scissors) are guided through the inferior osteotomy with one blade in 
the nose and the other in the antrum to start the posterior cut, behind the turbinates. F: Heavy 
curved scissors are then introduced with one blade in the nasal cavity and the other in the superior 
osteotomy, directed through or along the posterior attachments of the turbinates. The specimen 
is removed by anterior and inferior traction. Hemostasis is achieved by direct clamping or cautery. 
The bony edges are smoothed with a rongeur. Residual ethmoid mucosa is removed with ethmoid 
forceps, and a wide sphenoidotomy is opened with Kerrison rongeurs. The cavity is covered with 
Gelfoam for hemostasis. The medial canthal tendon is sutured to the periosteum of the nasal bones. 
The wound is closed using a meticulous layered closure. AEF, anterior ethmoidal foramen; OF, optic 


foramen; PEF, posterior ethmoidal foramen. 
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Figure 129.1 (Continued) 
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Transfixion incision 
at membranous 
septum 


Extend laterally 
to join 

intercartilaginous 
incision 
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Incision 


3rd molar 


Infraorbital n. 
(piriform aperture) 


Figure 129.2 A,B: Mid-face degloving. A transfixion incision is performed at the membranous 
septum and is extended laterally to join a transcartilaginous incision. C: A gingivobuccal incision 
is performed, extending laterally from the midline to the maxillary tuberosities. D: In exposing the 
surgical area, tenotomy scissors are introduced through the transcartilaginous incisions to dissect 
the skin from the nasal skeleton. The dissection over the maxilla is carried out in a subperiosteal 
plane. This dissection joins the nasal degloving using sharp dissection over the piriform aperture at- 
tachments. The dissection is extended superiorly exposing the mid-face skeleton. E: The exposure is 
limited by the infraorbital neurovascular bundles. The osteotomies, removal of the specimen, recon- 
struction, and closure are performed as described for the lateral rhinotomy. 


or the shifting of cause of failure to distant metastases 
spearheaded the use of systemic and even topical chemo- 
therapy in multimodal therapy protocols. These reports, 
however, are very limited in nature, including small num- 
ber of patients, and the studies are usually nonrandom- 
ized. Recent reports have shown a survival advantage for 
patients undergoing concurrent chemoradiation followed 
by definitive surgery. Samant et al. (22) in 2004 reported 
the use of high-dose intra-arterial cisplatin with concomi- 
tant radiation in patients with carcinoma of the paranasal 
sinuses. The overall and disease-free survival rates at 5 years 
were 53% (Table 129.9). Patients who represent a poor 
surgical risk and those who refuse surgery, should be con- 
sidered for enrollment in protocols that include combina- 
tions of radiation and chemotherapy. 


Treatment by Site of Origin 


This section discusses the treatment of SCCA by site of ori- 
gin. The management of other epithelial and mesenchymal 
malignancies was discussed in the pathology section. 


Nasal Cavity 


SCCA is the most common malignant tumor, constituting 
more than half of the tumors in this area. Tumors arising at 
the floor, lateral wall, and septum are all amenable to sur- 
gical excision. Tumors extending to the paranasal sinuses, 
those larger than 2 cm, and those associated with positive 
surgical margins have been associated with a poor progno- 
sis for which postoperative radiation should be adminis- 
tered. Most series report a 5-year survival rate of above 60%. 


Maxillary Antrum 


The maxillary sinus is the most common site of origin for 
malignancies of the sinonasal tract. Early-stage SCCA may 
be treated by surgery or radiation. However, SCCA is usu- 
ally diagnosed at advanced stages for which combination 
therapy seems more successful. Survival diminishes with 
the stage of the tumor, and complete surgical resection is 
required for success. The overall 5-year survival rate in large 
series range between 40% and 50%. 


2054 Section VII: Head and Neck Surgery 


Figure 129.3 Total maxillectomy. A total maxillectomy with preservation of the orbit can be 
performed using incisions identical to lateral rhinotomy incisions with a lip-splitting extension. 
Alternatively, a lateral rhinotomy incision may be combined with an ipsilateral degloving approach. 
A: If increased exposure is necessary, the facial incisions may be modified. The superior incision 
begins at the lateral canthus and extends medially, passing 3 to 4 mm below the ciliary line. The 
eye is protected by a temporary tarsorrhaphy stitch. This incision may be substituted by a transcon- 
junctival incision. The subciliary limb is joined to a lateral rhinotomy incision. The orbicularis oculi 
muscle is incised with an inferiorly directed slant, exposing the orbital septum. The gingivobuccal 
incision is extended laterally to the ipsilateral maxillary tuberosity. B: The soft palate is incised at 
the junction with the hard palate, and its attachments are sharply transected. The mucoperiosteum 
of the hard palate is incised following a paramedian line ipsilateral to the lesion. The paramedian 
strip of mucosa will be later imbricated over the bony edge of the hard palate to facilitate the 
fitting of a prosthesis. C: The orbital contents are dissected from the medial inferior and lateral 
walls, exposing the lacrimal sac, the anterior and posterior ethmoid arteries, and the infraorbital 
fissure. These are managed as described for a medial maxillectomy (Fig. 129.1). Osteotomies and 
removal of the specimen. D: The body and frontal process of the zygoma are divided with the 
saw. The maxilla is severed from the nasal bones with the saw, and the osteotomy is extended 
superiorly to the frontoethmoidal suture. A superior osteotomy is carried out posteriorly to a point 
3 to 4 mm posterior to the posterior ethmoid artery. An osteotomy is performed connecting the 
lateral and medial wall osteotomies across the inferior orbital fissure. The hard palate is transected 
with a Gigli or sagittal saw. The maxilla is detached from the skull by tapping a chisel placed into 
the pterygomaxillary fissure in a posterosuperior direction. The superior attachments of the turbi- 
nates are sharply severed, as for a medial maxillectomy (Fig. 129.1). The specimen is removed by 
anteroinferior traction. Remnants of ethmoid sinus mucosa are removed in a piecemeal fashion. 
The coronoid process of the mandible is removed to avoid displacement of the prosthesis when 
opening the mandible. (Continued) 
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Figure 129.3 (Continued) E: The exposed facial and pterygoid muscles and periorbita are lined 
with a split-thickness skin graft that is 0.35 to 0.45 mm thick. The obturator or denture is wired to the 
remaining dentition or suspended from the zygomatic arch and piriform aperture or leg screwed to 
the remaining hard palate. F: A medial canthopexy, using a Y-shape titanium plate fixed to the nasal 
bones. A figure-8 nonabsorbable suture is used to medialize the medial canthal tendon. G: The floor 
and medial walls of the orbit are reconstructed with titanium mesh. This is then covered by a verti- 
cally split temporalis muscle flap. The anterior half is used for the reconstruction, and the posterior 
half is transposed to the anterior temporal fossa to obliterate the defect. 


Ethmoid Sinus 


Tumors originating in the ethmoid sinuses produce symp- 
toms at early stages, leading to earlier diagnosis and better 
prognosis. SCCA continues to be the most common his- 
tologic diagnosis, but adenomatous carcinomas are more 
common than at other areas. Improved imaging techniques 
and the use of anterior craniofacial resection (see the dis- 
cussion below on “Management of Advanced Tumors” of 
the base of skull) have improved the prognosis of previ- 
ously unresectable tumors. Smaller tumor, T1 or T2, may 


be considered for endoscopic resection. Combined therapy 
with radiation is recommended for advanced stages, posi- 
tive surgical margins, and recurrent tumors. The overall 
5-year survival rate is 50% to 60%. 


Sphenoid Sinus 


Primary malignancies of the sphenoid sinus are extremely 
rare, making up less than 1% of malignant sinonasal 
tumors. En bloc surgical resection is technically diffi- 
cult due to the anatomical relationships of the sphenoid 
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Figure 129.4 Orbital exenteration. A: Incisions for orbital exenteration include those described in 
Figure 129.3 and a supraciliary incision along the upper eyelid. These incisions allow the preserva- 
tion of the lids, which can be used to line the remaining orbital cavity. If the eyelids are involved by 
the tumor, the incisions are modified to include their resection en bloc. The exposure proceeds as 
previously described (Fig. 129.3), omitting the dissection of the orbit from the inferior wall. The up- 
per eyelid is retracted superiorly, and the periorbita is incised over the superior orbital rim. The orbit 
is dissected from the superior wall, identifying optic foramen and superior orbital fissure. These are 
infiltrated with lidocaine to block the autonomic innervation and prevent cardiac arrhythmias. The 
neural and vascular structures traveling through these foramina are transected after hemostasis with 
bipolar cautery or clamping. Inferior traction on the globe allows further visualization of the orbital 
floor and inferior orbital fissure. Lateral and medial wall osteotomies are connected as in Figure 
129.3C. Other osteotomies are identical to Figure 129.3C. The roof of the orbit may be lined with a 
skin graft or left to granulate and mucosalize. Alternatively, the cavity may be filled with a temporalis 
muscle flap. It should be remembered that squamous epithelium tolerates trauma (e.g., prosthesis) 
better than mucosa. B: In exposing the surgical area, the facial flap is elevated subperiosteally. In 
the case of extension through the anterior wall of the antrum, the facial flap may be elevated in a 
subcutaneous plane, including the facial musculature in the specimen. The skin may also be resected 
en bloc, to address direct invasion by the tumor. The dissection is carried out along the lateral wall of 
the maxilla and the internal maxillary artery is identified at the pterygomaxillary fissure and clipped. 


Figure 129.5 Inferior maxillectomy. Tumors confined to the floor 
of the antrum may be managed by partial maxillectomy. It differs 
from total maxillectomy on the preservation of the orbital floor 


and, in selected cases of the infraorbital nerve. Bilateral maxillec- Figure 129.6 Pathways of invasion include (1) direct bony ero- 
tomy. The procedure is performed bilaterally as in Figure 129.4. sion (e.g., medial wall or floor), (2) perivascular or perineural inva- 
The nasal septum may be sacrificed or preserved for suspension of sion (e.g., infraorbital or ethmoidal neurovascular bundles), and (3) 


the prosthesis or reconstructive flaps. preformed pathways (e.g., infraorbital fissure, nasolacrimal duct). 
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Modality Indications 
Surgery Mainstay treatment 
Radiation Unresectable or lymphoreticular tumors, poor 


surgical candidates. Usually requires surgical 
drainage/debridement 
Combination (+) margins, perineural, perivascular invasion 
therapy +) lymph nodes, recurrent tumor 
Chemotherapy Palliative role 
Clinical research (controlled protocols) 


sinus. Gross total removal and postoperative radiation 
therapy is the treatment of choice for most of these 
tumors. Although the benefits of surgical debulking are 
debatable, at the very least it will provide a wide sphe- 
noidotomy for drainage and debridement during radia- 
tion therapy. The overall prognosis at 5-year follow-up 
varies from 5% to 25%. 


Frontal Sinus 


Tumors arising in the frontal sinus, like sphenoidal tumors, 
are rare. The anatomical site, however, is more amenable to 
surgical resection. These tumors may be managed similarly 
to ethmoidal tumors. 


MANAGEMENT OF ADVANCED TUMORS 


Orbital Invasion 


Sinonasal tract tumors may extend to the orbit by inva- 
sion or erosion of the bony walls, by perineural or peri- 
vascular invasion, or by following preformed pathways 


TABLE 
129.10 
Sparing 
Som et al. (1971) — 
Perry et al. (1988) 1/2 (50%) 
Xuexi et al. (1995) 8/23(35%) 
Carrau et al. (1996) 5/9 (56%) 


Total 14/34 (41%) 
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(Fig. 129.6). As great as 26% of patients with sinonasal 
malignancies have orbital invasion at the time of presen- 
tation (23). Patients with orbital invasion rapidly develop 
ocular symptoms, such as proptosis, diplopia, decreased 
visual acuity, diminished motility, chemosis, lid edema, 
and epiphora. CT scanning provides evidence of bony ero- 
sion, but it is not reliable in ascertaining invasion of the 
soft tissues. MRI better identifies soft tissue invasion, but 
invasion must be confirmed during surgery. 

Bone erosion does not constitute an absolute indication 
for orbital exenteration (24). The prognosis of patients 
with invasion of the periorbita is dismal; therefore, pal- 
liation is a more realistic goal (Table 129.10). Adjunctive 
radiation therapy, before or after surgery, does not seem to 
yield an improved prognosis. 

Resection of the medial and inferior orbital walls pro- 
duces severe enophthalmos and hypophthalmos, which is 
aggravated by resection of the periorbita. Rigid reconstruc- 
tion of the bony orbit using titanium mesh with or without 
calvarial bone grafts is recommended; which is then cov- 
ered with local, regional, or microvascular flaps. To better 
restore the orbital anatomy and to prevent lagophthalmos, 
due to ectropion, the lateral canthus should be reat- 
tached to the corresponding anatomical site of insertion. 
Ectropion may still occur due to fibrosis. The medial wall is 
usually resected as part of the oncologic surgery, requiring 
that the medial canthus be reattached to a titanium plate, 
as illustrated in Figure 129.5. 


Cervical Metastasis 


The incidence of nodal metastasis on initial presentation 
varies from 3% to 16%. Nodal metastases at initial presen- 
tation indicate a grim prognosis. The low incidence of nodal 
metastasis from sinonasal malignancies does not justify 
the use of elective neck dissection or radiation. Recurrence 
in the form of cervical metastasis ranks second after local 


Significance 


Exenteration 


3/27 (11%) 
2/4 (50%) 
24/88 (27%) 
6/12 (50%) 


35/131 (27%) p > 0.05 


This table demonstrates the lack of statistically significant difference in the survival rate of those patients 
in whom the orbit was preserved when compared with patients whose orbit was exenterated. The trend 
toward worst survival in those patients who required exenteration illustrates the aggressiveness of tumors 


that invade the periorbita. 


Adapted from Carrau RL, Segas J, Nuss DW, et al. Squamous cell carcinoma of the sinonasal tract invading 


the orbit. Laryngoscope 109:230-235, 1999. 
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recurrence as a cause for treatment failure. However, an 
isolated recurrence to cervical nodes is rare; usually it is 
accompanied by recurrent disease at the primary site. 


Pterygopalatine Fossa 


The incidence of PtPF invasion by sinonasal tract malig- 
nancies varies from 10% to 20%. The presence of tumor 
in this area is considered a risk factor for local recurrence. 
Despite the difficulty of an en bloc resection of this area, 
several authors have designed approaches with sound 
oncologic principles, obtaining variable results. Radical 
surgical resection in combination with radiation therapy, 
however, is advised for patients with PtPF invasion. 


Infratemporal Fossa and Skull Base 


The skull base may be involved by tumor by direct inva- 
sion and bone erosion, by preformed pathways (e.g., crib- 
riform plate, superior orbital fissure, foramen lacerum), or 
by following neural or vascular structures (e.g., V2, V3). The 
overall incidence of skull base invasion by sinonasal malig- 
nancies appears to be about 15%. The anterior or anterolat- 
eral craniofacial resection is a well-established procedure for 
sinonasal tumors invading the anterior skull (Fig. 129.7). 
The anterior craniofacial resection may be extended later- 
ally to join a temporal craniotomy to include the pterygoid 
plates, the PtPE the infratemporal fossa, and the floor of 
the middle cranial fossa en bloc. Absolute contraindica- 
tions for craniofacial resection are medical or nutritional 
problems that would eliminate the patient as a surgical 
candidate, presence of distant metastases, invasion of the 
prevertebral fascia, invasion of the cavernous sinus by a 
high-grade malignancy, involvement of the carotid artery in 
a high-risk patient (as determined by carotid flow studies), 
and bilateral invasion of the optic nerves or optic chiasm. 
Resection of these areas is associated with an unacceptable 
morbidity and mortality rate, offers no significant pallia- 
tion, and does not appear to improve survival. Relative con- 
traindications include invasion of the dura and intracranial 
involvement of neural structures. These situations have a 
poor prognosis, but in selected cases craniofacial resection 
may offer significant palliation or local control. 

Improvements in the preoperative mapping of tumors 
with CT scan and MRI and the use of more reliable vascu- 
larized flaps for the reconstruction of the skull base have 
improved the surgical mortality and morbidity. However, 
the overall 5-year survival rate appears unchanged at 50% 
to 60%. 


COMPLICATIONS 


Surgical 


The nasolacrimal duct is sacrificed during the per- 
formance of a maxillectomy, and subsequent steno- 
sis of the lacrimal sac opening may lead to epiphora. 


A dacryocystorhinostomy at the time of definitive resection 
is an effective way to prevent this complication. Cannulation 
of the lacrimal canaliculi for 12 weeks is recommended. 

Limitation of movement of the extraocular muscles may 
occur after trauma to the muscle or its motor innervation 
or upon entrapment in the craniofacial osteotomies. The 
latter complication should be managed by urgent surgical 
release. Limitations of extraocular muscle movement due 
to edema or neuromuscular contusion should be managed 
expectantly. Diplopia may be alleviated by alternating eye 
patching. 

The optic nerve may be compressed during the mobi- 
lization of the specimen or during craniofacial resection. 
High-dose steroids and emergent surgical decompression 
are recommended. 

Enophthalmos or hypophthalmos usually develop due 
to the loss of the inferior orbital and/or medial support. 
Reconstructive techniques were previously discussed. 


Radiation Therapy 


The incidence of radiation complications in patients with 
orbit preservation is close to 100% (Table 129.11). The field 
included in the radiation portals for sinonasal tract tumors 
usually includes the anterior and posterior orbital seg- 
ment. When the orbit is involved by the tumor, irradiation 
of the entire eye is usually necessary. Complications of the 
anterior globe are common with full eye irradiation. A dry 
eye will decompensate rapidly, leading to severe keratitis, 
panophthalmitis, and blindness within 1 year. Enucleation 
is recommended for uncontrolled panophthalmitis or a 
painful eye. 

If the anterior segment can be spared, patients will most 
likely experience delayed (3 to 5 years) loss of vision sec- 
ondary to post-radiation retinopathy or optic neuropathy. 
Although the retina and optic nerve are radio resistant, their 
microvasculature is not. Chemotherapy, diabetes mellitus, 
and atherosclerosis may have an additive effect on radia- 
tion complications. The incidence of these complications is 
related to total dose and fractionation. The tolerance limit 
seems to be around 5,000 cGy with fractions of 200 cGy. 
Although they are rare below 3,500 cGy, their incidence is 
50% to 65% with 6,000 to 7,000 cGy and above 85% with 
8,000 cGy. Nevertheless, the degree of visual impairment 
cannot be accurately predicted and has been reported with 
doses considered within the safe limits. The incidence of 
unilateral blindness can range around 35%, while the inci- 
dence of bilateral blindness, although rarely reported, may 
be as high as 8% and is related to the irradiation of the 
contralateral posterior segment. Blindness is felt to be due 
to ipsilateral radiation retinopathy and contralateral optic 
neuropathy. However, the dose should not be compromised 
to diminish the complication rate if the attempted goal is 
cure. Conformal radiation therapy reduces the percentage 
of radiation received by normal tissue and may decrease the 
incidence of optic nerve and optic chiasm complications. 
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Wound Complications 


Wound complications include bleeding, infection, and 
loss of reconstructive flaps or skin grafts (Table 129.12). 
Osteoradionecrosis can occur in up to 10% of patients. 
The most common site of osteoradionecrosis is the max- 
illa. Severe osteoradionecrosis can be secondary to poor 
dentitia or recently extracted dentitia. We recommend the 


Perichondrial flap 
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routine extraction of poor dentitia with time to recover 
prior to postoperative radiation to avoid this complication. 

Postoperative infection is rare. Cellulitis should be 
treated with antibiotics providing broad-spectrum cover- 
age adjusted to the culture and sensitivity results. Venous 
retrograde seeding, or even direct spread in the presence of 
a CSF fistula can lead to meningitis or intracranial abscess. 
A CT scan followed by a lumbar puncture is indicated if 


Figure 129.7 A: Bicoronal flap incision. B: The scalp flap is dissected anteriorly in a subperiosteal 
plane and laterally just above the superficial layer of the deep temporal fascia. Leaving the pericranial 
flap attached to the scalp flap prevents desiccation of the flap during the procedure. C: In order to 
expose the supraorbital rim, superior orbital cavity and nasal bones, the supraorbital neurovascular 
bundle is mobilized from its notch or foramen. D: Orbital, cranial, and zygomatic osteotomies are 
performed according to the required exposure. The tumor is resected en bloc with the anterior or 


middle fossa skull base. (Continued) 
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Figure 129.7 (Continued) E: A pericranial flap is elevated and placed under the dura of anterior 
lobe and over the remaining bone of the anterior fossa. The craniotomy and orbital bone grafts 
are replaced above the pericranial flap which separates the cranial cavity from the upper aerodi- 


gestive tract. 


meningitis is suspected. Formation of crusts within the 
nasal cavity is acommon problem and may lead to infec- 
tion. Frequent irrigations with normal saline solution help 
with nasal hygiene. 

The loss of a reconstructive flap is accompanied by necro- 
sis and overgrowth of bacteria and is best treated by debride- 
ment and aggressive local care. A secondary reconstruction 
must be postponed until the defect is free of infection. 
However, flaps providing coverage to vital areas (e.g., carotid 


TABLE 
129.11 

Tissue Effect 

Lacrimal gland Atrophy 

Conjunctiva Hyperemia 
May lead to 

secondary infection 

Cornea Edema 
Chronic ulceration 
Perforation 

Retina Edema 
Retinopathy 

Lens Cataract 


artery, brain) must be replaced by another vascularized flap 
as soon as possible. Loss of minor areas of a skin graft is 
usually of no consequence, since secondary epithelializa- 
tion occurs rapidly. Loss of the entire skin graft, however, 
may lead to scarring and contraction of the cavity, healing 
by mucosalization, and problems in fitting a prosthesis. 
Treatment of local infection and debridement of necrotic tis- 
sue, followed by regrafting with internal and external splint- 
ing of the skin graft may remedy this problem. 


Latency Dose 

>6mo >5,000 cGy/5-6 wk 

1-3 wk 25.000 cGy/5 wk 

1-3 wk 4,000-5,000 cGy/2-3 wk 
Several months >6,000 cGy/5-6 wk 
4-12 mo >6,000 cGy/5-6 wk 
Several weeks 2,000-3,500 cGy/3-4 wk 
>ly 5,000-6,000 cGy/5-6 wk 
1-20 y 2200 cGy 


Adapted from Nakissa N, Rubin P, Strohl R, et al. Ocular and orbital complications following radiation 
therapy of paranasal sinus malignancies and review of literature. Cancer 1983;51:980. 
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TABLE COMPLICATIONS 
129.1258 SINONASAL TRACT TUMORS 

Problem Treatment 

Orbital 

Surgical 

Epiphora DCR 

Diplopia Observe, release EOM if 
entrapped 

Blindness Perform optic nerve or orbital 


Enophthalmos/ 
hypophthalmos 


decompression 
Support globe with bone grafts 
and/or titanium mesh 


Radiation 

Wound 

Bleeding Packing, arterial ligation, or 
embolization 

Infection Antibiotics/debridement 


Loss of reconstructive Debridement 


flaps or skin grafts 


Skull base 
CSF leak Observation, bed rest 
Reconstructive flap for 
persistent leak 
Meningitis Antibiotics, correct CSF leak 


Aspiration if at tension 
Antibiotics, debridement, HBO 


Pneumocephalus 
Osteomyelitis 


Other 


Serous otitis media Ventilation tube (rule out CSF 


leak) 


Skull Base Complications 


Skull base complications include CSF leak, meningi- 
tis, intracranial abscess, tension pneumocephalus, and 
osteomyelitis. These complications are most commonly 
the result of technical errors (e.g., loss of a reconstruc- 
tive flap) and are surprisingly uncommon, considering 
that skull base resection involves exposure of the cranial 
cavity to aerodigestive tract flora. Treatment includes 
empiric intravenous antibiotics with broad spectrum 
coverage, including the skin and aerodigestive flora. 
The antibiotics are later adjusted to the culture and sen- 
sitivity results. Further contamination or exposure of 
the intracranial contents to the sinonasal tract should 
be curtailed by the use of vascularized flaps. Free bone 
grafts that become infected during the early postopera- 
tive period should be removed. Late osteomyelitis or 
osteoradionecrosis may be managed with antibiotics and 
debridement limited to the affected bone. Hyperbaric 
oxygen treatment may be beneficial in patients with 
osteoradionecrosis. Intracranial abscess requires open 
drainage and intravenous antibiotics. 

Tension pneumocephalus is treated by percutaneous 
aspiration and diversion of the nasal airway. The latter may 
be accomplished with the use of an endotracheal tube, 
nasal trumpets, or a tracheotomy. 


EMERGENCIES ASSOCIATED WITH 
SINONASAL TUMORS 


Bleeding 


Friable or vascular tumors may lead to profuse bleeding 
when traumatized (e.g., biopsy), or bleeding may occur 
spontaneously after desiccation and breakdown of the blood 
vessels in the tumor (Table 129.13). Mild to moderate bleed- 
ing is managed using the principles of treatment for anterior 
and posterior epistaxis. Cauterization or packing is recom- 
mended. In the case of a massive tumor that completely 
occludes the nasal passages, angiography and embolization 
should be considered. This technique is also useful in vas- 
cular tumors, providing prompt hemostasis and facilitating 
surgical removal. If circumstances preclude the use of this 
technique, a transantral ligation of the internal maxillary 
artery and transorbital ligation of the ethmoidal arteries may 
control the bleeding. Ligation of the external carotid artery, 
although not as effective as internal maxillary artery ligation, 
may be necessary if the transantral approach is impossible. 
One should remember, however, that ligation of the exter- 
nal carotid artery will eliminate the possibility of emboliza- 
tion. A combination of these techniques may be required to 
prevent exsanguination. Uncontrollable hemostasis from a 
known malignancy may require emergency maxillectomy. 


Vision Impairment 


Sinonasal tumors may lead to blindness due to compres- 
sion or stretching of the optic nerve, its arterial supply, or 
its venous drainage. Emergent treatment of the tumor with 
radiation or surgery may be necessary to prevent blindness, 
although it will be a moot point if the eye is going to be 
ultimately sacrificed. 


Infection 


Tumors of the sinonasal tract may obstruct sinus drainage 
and lead to acute bacterial sinusitis and possible orbital 
and intracranial complications. Secondary sinus infections 
must be treated with antibiotics providing broad aerobic 


TABLE A EMERGENCIES 
129.13 SINONASAL TRACT TUMORS 
Problem Treatment 
Bleeding Cauterization/packing 


Arterial ligation/embolization 
Emergency extirpative surgery 
Decompression of orbit or optic nerve 
Radiation for lymphoreticular tumors 
Antibiotics and drainage/debridement 
Definitive surgery, reconstructive flap 


Visual impairment 


Infection 
CSF leak/ 
pneumocephalus 
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and anaerobic coverage. Surgical drainage by endoscopic 


or open technique is usually required. 


CSF Leak 


CSF leak may occur after destruction of the skull base 
and disruption of the dura mater (e.g., cribriform plate). 
CSF leaks are less likely to resolve spontaneously under 
these circumstances and therefore should be managed by 
prompt craniofacial resection, dural grafting, and a pericra- 
nial flap. Patients must be kept on bed rest while awaiting 
the operation. The use of prophylactic antibiotics is con- 
troversial. They may seem indicated in the presence of a 
necrotic tumor, but prolonged treatment may lead to colo- 
nization with resistant flora that will be more difficult to 


eradicate in case of meningitis. 


m= The most common clinical presentation of sinonasal 
tumors includes symptoms that are undistinguish- 
able from inflammatory sinus disease, namely, nasal 
airway obstruction, pain, and epistaxis. Abnormal 
V1 and/or V2 sensation strongly suggest the possi- 
bility of a tumor. 

= CT or MRI is an essential component of evaluation, 
establishing the extent and vascularity of the tumor 
and its relationship to neurovascular structures. 

m An understanding of the variable natural history of 
tumors of the sinonasal tract is crucial to patient 
counseling and treatment planning. A wide variety 
of histologies may be encountered, although SCCA 
is most common. 

= Rehabilitation after surgical resection may be accom- 
plished by the use of prosthodontics or reconstruc- 
tive flaps. 

= Radiation is a common adjuvant to surgery for 
patients with SCCA. The response of sinonasal tract 
tumors to radiation therapy varies with the stage 
and histology of the tumor. 

= Combined intra-arterial cisplatin chemotherapy 
and radiation therapy before surgical resection 
offers a survival advantage in advanced SCCA of the 
paranasal sinuses. 

= Bony erosion of the orbital walls does not constitute 
an indication for orbital exenteration. 

m Patients with tumor involvement of the skull base, 
either in the infratemporal fossa or at the fovea eth- 
moidalis and cribriform plate, should be considered 
for craniofacial resection. 

= Complications, such as CSF leak, meningitis, intra- 
cranial abscess, and tension pneumocephalus, 
although uncommon, are potentially devastating 
and need to be addressed in an emergent fashion. 
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Orbital Tumors 


Neda Esmaili 


In this chapter, we provide the reader with a cursory over- 
view of orbital pathology as it may relate to the practicing 
Otolaryngologist. This chapter outlines the most common 
categories of orbital tumors and other common orbital 
pathologic processes. We discuss various classifications of 
the pathologies presented, as well as the most common 
associated signs/symptoms, radiographic findings, and 
recommended workup and treatment for these lesions. We 
only briefly discuss secondary lesions affecting the orbit, 
as these are covered in greater depth in the rhinology and 
skull base sections of this text. We also specifically discuss 
the surgical approaches that can be utilized in addressing 
these pathologic processes. 


Classification 


Orbital tumors are rare, yet constitute a wide range of 
lesions. They are often classified based on their origin. 
Primary orbital tumors originate within the bony orbit, 
while secondary tumors extend into the orbit from the 
paranasal sinuses, skin, and/or intracranial compartment. 
Primary tumors can further be classified based on their 
anatomic location, with intraconal lesions being confined 
within the extraocular muscle cone, and extraconal lesions 
occurring outside of these muscles. Lastly, metastatic orbital 
tumors originate from distant tissues and spread to the orbit 
through lymphovascular and/or hematogenous spread. 
Primary orbital tumors can originate from the tissues 
that are present within the orbit, including vascular, lym- 
phoid, nervous, and mesenchymal structures. Lacrimal 
gland tumors of epithelial and/or lymphoid origin can 
also present as orbital tumors. In a 40-year study of orbital 
tumors at the Mayo Clinic, Henderson (1) found that the 
five most common primary tumors of the orbit were hem- 
angioma, non-Hodgkin lymphoma, inflammatory tumors, 
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meningioma, and optic nerve glioma. Similarly, in a study 
of 1,264 patients from the Wills Eye Institute, Shields 
et al. (2) showed again that there is a very wide range of 
pathologic types of orbital tumors and that the five most 
common categories of orbital lesions in their series were 
vasculogenic (17%), inflammatory (11%), lymphoid/ 
leukemic (10%), lacrimal gland (9%), and optic nerve or 
meningeal lesions (8%). 

In another large series out of MD Anderson, Shinder 
et al. (3) found that the five most common lesions were 
lymphoproliferative (25%), lacrimal (10%), inflammatory 
(8%), vascular (7%), and mesenchymal (7%). In a meta- 
analysis of five large series, Wilson and Grossniklaus (4) 
evaluated a total of 4,563 orbital lesions and found that 
the most common primary orbital tumors were menin- 
giomas, cavernous hemangiomas, and lymphomas. While 
some series have shown that secondary orbital tumors can 
account for 33% to 45% of all orbital neoplasms (1), more 
recent series have found that only 11% to 26% of all orbital 
tumors are secondary in nature (2,3). This could be due to 
improved recognition and treatment of the primary pro- 
cesses that most often cause secondary lesions of the orbit, 
mainly paranasal sinus mucoceles, squamous cell carcino- 
mas (SCCs) of the paranasal sinuses, meningiomas of the 
cranial base, vascular malformations, and basal cell carci- 
nomas (BCCs) of the skin. Metastatic disease to the orbit 
has been found to account for anywhere between 2% and 
10% of orbital tumors (1-3). (See Tables 130.1 and 130.2 
for the most common orbital tumor percentages and the 
most common metastatic lesions.) 

Interestingly, Shields et al. found that malignant lesions 
comprised 36% of the tumors in their series, while Shinder 
et al. found that 63% of their tumors were malignant (2,3). 
Obviously, the type of high volume referral centers where 
series such as these are put together largely determines 
the types and distribution of lesions seen, treated, and 
reported. Not surprisingly, the rates of malignant lesions, 
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TABLE 


130.1 


Type of Lesion 


% of Orbital Tumors 


Type of Lesion % of Orbital Tumors 
Cysts: 6%-12% 
Dermoid 2%-7% 
Epithelial inclusion cysts 1% 
Mesenchymal: 6%-11% 
Rhabdomyosarcoma 2%-3% 
Fibrous dysplasia <1% 
Solitary fibrous tumor <1%-2% 
Osteomas <1% 
Sarcomas <1%-2.6% 
Lacrimal: 6%-9% 
Lymphoid 2%4% 
Epithelial 4% 
Secondary: 11% 44% 
Mucoceles 3%-8% 
Skin cancers 4%-11% 
Meningiomas 1%-7% 
Pediatric: n/a* 
Rhabdomyosarcoma 


Neuroblastoma 


Metastatic: 5%-8% 
Breast 2H-4% 
Lung <1% 
Prostate <1% 
Neural: 9%-17% 
Glioma 1%4% 
Meningioma 4%-10% 
Schwannoma 1% 
Vascular: 3%-10% 
Capillary hemangioma 1%-3% 
Cavernous hemangioma 3%-6% 
Lymphangioma 1%4% 
Inflammatory: 7%-11% 
Pseudotumor 3%-8% 
Orbital vasculitis 1%-2% 
Thyroid-associated orbitopathy 1%-6% 
Hematopoietic: 9%-10% 
Leukemia <1% 
Lymphoid 2hH-9% 
Langerhans cell histiocytosis <1% 


*Percent estimates of all orbital tumors in adults. 


as a percentage of all orbital tumors, increase significantly 
as age increases. Most pediatric tumors are benign, with 
most series reporting between 10% and 30% of all pediat- 
ric orbital tumors being malignant (1,2). However, some 
cancer centers treat a larger proportion of pediatric malig- 
nant orbital tumors, with the MD Anderson group report- 
ing 68% of their pediatric tumors being malignant (3). 


Presentation 


The volume of the orbit is roughly 30 mL, and therefore, 
mass occupying lesions have scant room for expansion 
before signs and symptoms arise. Proptosis is the cardinal 
clinical sign of an orbital space-occupying lesion. Direction 
and laterality of the proptosis are important factors that aid 


TABLE 


130.2 


Breast (adenocarcinoma): 29%-59% 
Lung (bronchogenic carcinoma): 8%-15% 
Prostate: 3%-10% 

Cutaneous melanoma: 5%-8% 

¢ Renal cell carcinoma: 5%-7% 

¢ Carcinoid tumors: 4-5% 

¢ Gastrointestinal: 2%-5% 

¢ Sarcomas: 1%-2% 

© Thyroid carcinoma: <1% 


Granulocytic sarcoma 


in the identification of the location, origin, and ultimate 
diagnosis of the lesion. Axial proptosis often occurs 
with lesions that exist within the intraconal space, while 
nonaxial proptosis tends to occur in tumors occupying an 
extraconal location. The timing of the proptosis also can 
help differentiate various processes, with acute proptosis 
developing over hours to days favoring inflammatory and 
infectious processes. Malignant tumors tend to present in 
a subacute time frame, while benign tumors tend to have a 
more indolent progression of symptoms. Age of onset can 
also help narrow the differential in consideration. 
Diplopia and ocular motility disturbances are also com- 
mon findings in patients with orbital tumors. Lesions may 
cause displacement of the globe with resultant diplopia. 
Similarly, infiltrative processes may affect the extraocular 
muscles and associated nerves, causing gaze restriction and 
diplopia. Deterioration of a patient’s visual acuity, includ- 
ing the rate and extent, is also of importance when distin- 
guishing between various etiologies. For example, optic 
nerve gliomas or meningiomas may cause significant visual 
acuity changes, while secondary processes affecting the 
nerve often cause mild symptoms related to compressive 
effects. Orbital pain is most often a symptom of inflamma- 
tory and/or infectious processes. However, aggressive malig- 
nant tumors and metastatic lesions can also present in this 
manner. Slower growing lesions more often cause a sensa- 
tion of pressure rather than pain. Pupillary changes can be 
found when tumors invade or compress the sympathetic 
or parasympathetic fibers supplying the iris dilator and 


pupillary sphincter. Finally, while not part of the practicing 
otolaryngologist’s clinical exam, fundus changes within the 
globe are common ophthalmologic exam findings and may 
include optic atrophy or edema, optociliary shunt vessels, 
retinal venous dilation, and choroidal folds (5). 


Anatomy of the Orbit 


Detailed knowledge of the anatomy of the orbit and peri- 
orbital structures is critical in developing effective surgical 
technique and minimizing surgical complications while 
operating in the tight orbital space. The following is a brief 
overview of orbital and eyelid anatomy. 

The bony orbit (Fig. 130.1) is composed of the frontal, 
zygomatic, sphenoid, maxilla, lacrimal, palatine, and 
ethmoid bones. The adult orbit has a volume of approxi- 
mately 30 mL and measures 35 mm in maximal height, 
40 mm in width, and 45 mm in medial wall length. The 
orbital walls lie adjacent to all four paranasal sinuses: the 
orbital apex is located just anterolateral to the sphenoid 
sinus, the medial lamina papyracea borders the ethmoid 
sinuses, the orbital floor is adjacent to the maxillary sinus, 
and the roof of the orbit often forms the floor of the fron- 
tal sinus. The orbit is also intimately associated with the 
skull base, as the orbital roof borders the anterior cranial 
fossa and the orbital apex borders the middle cranial fossa. 
The orbit communicates with the middle cranial fossa via 
the superior orbital fissure and optic canal. It is contiguous 
with the pterygopalatine and infratemporal fossae via the 
inferior orbital fissure (6). 


Figure 130.1 Orbital anatomy. Seven bones articulate to form 
the orbital vault. Six are listed; the palatine bone is not shown. 
LB is the lacrimal bone, and NB is the nasal bone (which is listed 
but does not form the orbit). The arrow in the apex of the orbit is 
pointing to the Optic Canal and “a” is the Superior Orbital Fissure 
and “b” is the Inferior Orbital Fissure. 
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The majority of the nerves of the orbit pass through the 
sphenoid bone. The superior orbital fissure lies between 
the greater and lesser wings of the sphenoid bone, with 
the optic canal located in the lesser wing. The annulus of 
Zinn, a tendinous ring at the orbital apex from which the 
rectus muscles arise, encircles the optic canal and separates 
the superior orbital fissure into two compartments at the 
origin of the lateral rectus muscle. The superolateral por- 
tion transmits the lacrimal, frontal and trochlear nerves, as 
well as the superior ophthalmic vein and occasionally the 
orbital branch of the middle meningeal artery. The medial 
portion outside of the optic canal transmits the upper and 
lower divisions of the oculomotor nerve (CN III), the naso- 
ciliary branch of CN V, and the abducens nerve (CN VI). 

The intraorbital optic nerve is approximately 30 mm in 
length and passes through the optic canal along with the 
ophthalmic artery and sympathetic nerve fibers. The dura 
mater surrounding the nerve is continuous with the peri- 
osteum of the optic canal. The extraocular muscles are 
responsible for the movement of the eye and eyelid. All four 
rectus muscles (superior, medial, inferior, and lateral recti) 
originate posteriorly in the annulus of Zinn. The superior 
oblique muscle arises outside of the annulus, just supero- 
medial to the optic canal, and courses anteriorly to the carti- 
laginous trochlea prior to inserting on the globe. The levator 
muscle originates superior to the annulus on the lesser 
sphenoid wing. The inferior oblique arises in the anterior 
orbital floor just inferolateral to the lacrimal sac fossa and 
travels posterolaterally to insert onto the globe (7). 

Orbital fat lies posterior to the orbital septum as intra- 
conal and extraconal fat. The fat pads of the eyelids are 
anterior extensions of the extraconal fat and lie anterior to 
the levator aponeurosis in the upper lid and capsulopal- 
pebral fascia in the lower lid. In the upper lid, there is a 
medial and central fat pad; the lacrimal gland lies laterally 
and may be mistaken for a third fat pad. In the lower lid, 
there is a medial, central, and lateral fat pad. 

The arterial supply of the orbit arises primarily from the 
internal carotid artery, which gives rise to the ophthalmic 
artery. The ophthalmic artery lies inferolateral to the optic 
nerve in the optic canal, and in the majority of patients, it 
passes over the nerve to reach the medial orbit. As it courses 
anteriorly through the orbit, it gives off several branches 
including those to the optic nerve and retina (central reti- 
nal artery, posterior ciliary arteries), extraocular muscles, 
and lacrimal gland. Anteriorly it forms anastomoses with 
the external carotid arterial system to provide a rich blood 
supply to the eyelids and face. Venous blood is drained pri- 
marily by the superior ophthalmic vein, which originates 
in the superomedial orbit and travels posterolaterally to 
enter the cavernous sinus via the superior orbital fissure. 

The eyelids provide a barrier for the globe against desic- 
cation and trauma and thus play an important role in the 
preservation of vision. Eyelid skin is the thinnest skin of 
the body and lacks subcutaneous fat. Beneath the skin 
lies the orbicularis oculi muscle, which is responsible for 
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voluntary and involuntary closure of the eyelids. The orbital 
septum separates the eyelid anatomy from the deeper 
orbital contents and originates from the periosteum along 
the orbital rim. The orbital fat pads mentioned earlier are 
located posterior to the orbital septum and anterior to the 
upper and lower lid retractors. The main retractor of the 
upper lid is the levator palpebrae, which becomes the leva- 
tor aponeurosis after it passes through Whitnall suspensory 
ligament. The capsulopebral fascia and Lockwood ligament 
are the analogous retractor and suspensory ligament of 
the lower lid. The conjunctiva is a mucous membrane that 
constitutes the posterior-most layer of the eyelids. The can- 
thal tendons, which help maintain the horizontal stabil- 
ity of the eyelids, are fibrous bands that originate from the 
bony orbital walls and fuse with the upper and lower tarsal 
plates; the medial canthal tendon arises from the anterior 
and posterior lacrimal crests medially and the lateral can- 
thal tendon originates at the lateral orbital tubercle (8). 


VASCULAR TUMORS 


Vascular tumors are among the most common orbital lesions 
in children and adults, and the majority are benign. In a 
recent large, 30-year series of 1,264 patients referred to an 
ocular oncology service for suspected orbital neoplasm, vas- 
cular tumors were the most common type of orbital lesion 
encountered, with an overall incidence of 17%. Of the vas- 
cular tumors, cavernous hemangioma, lymphangioma, and 
capillary hemangioma were the most common (2). 


Capillary Hemangioma 


Capillary hemangiomas are benign hamartomatous pro- 
liferations of endothelial cells. They represent 3% of all 
orbital lesions and are the most common orbital vascular 
tumors in infants (2). Lesions appear shortly after birth 
and rapidly enlarge for the first 6 to 12 months of life. 
Spontaneous involution often occurs, with 75% of lesions 
resolving over the following 4 years (7). 

Periocular lesions occur most frequently in the supero- 
medial quadrant of the orbit and medial upper lid, and are 
commonly associated with hemangiomas in other regions 
of the body. Periocular hemangiomas may be superficial or 
deep. Superficial lesions involve the skin, producing a red- 
dish discoloration and dimpled texture known classically as 
the “strawberry nevus.” Deeper lesions produce a bluish dis- 
coloration and may not involve the overlying skin. They are 
largely extraconal in location, and may even extend intracra- 
nially through the optic canal or superior orbital fissure (9). 

These lesions may cause significant morbidity due to 
interference with visual, orbital, and facial development. 
Eyelid lesions may cause strabismus, anisometropia, ptosis, 
and subsequent amblyopia (decreased vision due to incom- 
plete development of the visual system). Orbital lesions may 
lead to proptosis, globe displacement, strabismus, amblyo- 
Pia, optic atrophy, and bony deformities of the orbit and face. 


Diagnosis is usually made based on clinical features and 
orbital imaging. Since capillary hemangiomas are nonen- 
capsulated, computed tomography (CT) shows a lobulated 
and diffusely infiltrating mass. Enhancement with contrast 
is seen on both CT and magnetic resonance imaging (MRI). 
MRI may demonstrate fine intralesional vascular channels 
separated by thin septa, as well as high blood flow from 
fine feeder vessels (9). Expansion of the bony walls due 
to mass effect can occur. Biopsy may be required in atypi- 
cal cases in which malignancy is suspected. Histologically, 
lesions are composed of endothelial sheets that develop 
into capillary-caliber vascular channels. 

Treatment is indicated for lesions affecting visual or 
orbital development. Options include topical, oral, or intra- 
lesional corticosteroid therapy. Surgical debulking can be 
performed for anteriorly located and well-circumscribed 
lesions, although complete surgical removal is generally 
not possible. Other treatment modalities such as interferon 
therapy, radiation, and pulsed-dye laser carry serious side 
effects and are thus reserved for life-threatening or refractory 
cases (7). Most recently, nonselective beta-blockers have 
demonstrated rapid and dramatic success in decreasing the 
size and symptoms of cutaneous and orbital lesions (10,11). 


Cavernous Hemangioma 


Cavernous hemangioma is the most common benign tumor 
of the orbit in adults, representing 6% of all orbital lesions 
(2). It occurs most frequently in middle-aged women. 
These lesions tend to enlarge slowly and do not involute. 
Patients typically present with slowly progressive, painless 
proptosis, although abrupt proptosis during puberty or 
pregnancy can occur. The lesions are often discovered inci- 
dentally on neuroimaging for symptoms such as headache. 
Cavernous hemangiomas tend to be isolated lesions and 
are often located in the lateral retrobulbar intraconal space. 
They may cause vision loss if located at the orbital apex, 
which may occur in up to 10% of cases (9). 

Diagnosis can usually be made by characteristic fea- 
tures on orbital imaging (Fig. 130.2). CT shows a well- 
encapsulated, round to ovoid, hyperattenuating mass. 
Microcalcifications and bony remodeling may occasion- 
ally be seen (9). MRI demonstrates small intralesional vas- 
cular channels with low arterial blood flow (Fig. 130.2). 
Histologically, these lesions consist of large, blood-filled vas- 
cular channels lined with flattened endothelium and sepa- 
rated by fibrous septa containing smooth muscle. Surgical 
excision of the tumor and its pseudocapsule is performed if 
vision is threatened or proptosis results in unacceptable cos- 
mesis. Recurrences are rare even with incomplete resection. 


Lymphangioma 


Lymphangiomas are benign vascular malformations that 
account for 4% of all orbital lesions (2). Lesions may 
involve the conjunctiva, eyelids, and orbit. Their origin 


Figure 130.2 Orbital cavernous hemangioma. T1 with contrast 
axial MRI showing a well-circumscribed enhancing orbital lesion. 


remains unclear, but they are thought to arise from embry- 
onal elements capable of differentiating into both venous 
and lymphatic tissue. Histologically, these lesions are com- 
posed of endothelial-lined vascular spaces filled with lym- 
phatic or proteinaceous fluid and a fibrotic interstitium 
containing follicles of lymphoid tissue. 

Patients typically become symptomatic in the first 
decade of life. Lesions of the orbit and eyelid may present 
as a soft mass with bluish discoloration. Sudden propto- 
sis may occur due to intralesional hemorrhage from fragile 
interstitial capillaries. This may result in significant globe 
displacement, strabismus, cosmetic deformity, or vision loss 
secondary to amblyopia, compressive optic neuropathy, or 
corneal exposure. These hemorrhages may occur spontane- 
ously or after minor trauma. Hemorrhage can also occur 
during an upper respiratory tract infection, presumably due 
to the activity of lymphoid tissue in the lesions. “Chocolate 
cysts” refer to the subsequent collection of loculated blood 
breakdown products after hemorrhage (9). 

MRI is the preferred imaging modality, and demon- 
strates characteristic findings of multiloculated cystic 
lesions. The presence of fluid—fluid levels due to intra- 
lesional hemorrhages is virtually pathognomonic. The 
lesions are isolated from the systemic circulation and 
thus do not enhance with IV contrast. This feature aids in 
distinguishing lymphangiomas from other vascular mal- 
formations such as orbital varices and arteriovenous mal- 
formations, which are distinct clinical entities requiring 
different management (12). 

Management of lymphangiomas is challenging given 
their poorly circumscribed and highly infiltrative nature. 
As it is common for the blood-filled cysts to spontaneous 
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resorb, observation is recommended unless vision is threat- 
ened by optic nerve compression or exposure keratopathy. 
When surgical intervention is required, the cysts may be 
decompressed with needle aspiration or via an open surgi- 
cal approach. Surgical excision may be performed on more 
circumscribed lesions; however, complete surgical resec- 
tion is usually not possible. Recurrent hemorrhages are 
common, and multiple partial excisions may be required. 
In cases of highly infiltrative lesions with a high likelihood 
of a difficult and incomplete surgical excision, orbital 
decompression to address proptosis and globe displace- 
ment may instead be performed (7). 

Multiple adjuncts to surgical resection are available and 
include bipolar cautery and laser ablation with carbon 
dioxide and Nd:YAG. These techniques may provide intra- 
operative hemostasis and induce shrinkage of unresectable 
portions of the lesion. Intralesional injections of sclerosing 
agents and steroids have also been utilized. Recent reports 
have documented benefits of intralesional fibrin glue injec- 
tion, which helps delineate the walls of the lesion for more 
complete surgical resection and may inhibit recurrences of 
intralesional hemorrhages (13). 


HEMATOPOIETIC TUMORS 


Lymphoid Tumors 


Lymphoproliferative lesions are relatively common, with 
an overall incidence of 20% of all orbital lesions (7). They 
encompass a continuum of entities of varying morphol- 
ogy and clinical grade, from benign reactive hyperplasia to 
malignant lymphoma. Non-Hodgkin lymphoma accounts 
for up to 90% of these lesions and is the most common 
orbital neoplasm in the older age group. The most com- 
mon subtype is mucosa-associated lymphoid tissue (MALT) 
lymphoma. Other common low-grade lesions include fol- 
licular center lymphoma and small B-lymphocytic lym- 
phoma. The most common high-grade type is diffuse large 
B-cell lymphoma (14). 

Lymphoproliferative lesions often present as gradual 
painless proptosis or a slowly enlarging mass or swell- 
ing, occurring over several months. Pain and inflamma- 
tion are usually minimal. Lesions may involve the orbit, 
lacrimal sac, eyelids, or conjunctiva. A lesion beneath the 
conjunctiva often gives rise to the classic salmon patch 
appearance on slit lamp examination. Within the orbit, the 
lacrimal gland, extraocular muscles, or orbital space may 
be involved. Whether benign or malignant, these lesions 
tend to mold around existing orbital structures rather than 
invade them. As a result, lesions may reach a large size 
without causing vision loss or diplopia. Imaging features 
on CT include indistinct margins and moderate IV contrast 
enhancement. Bony erosion is typically absent except in 
aggressive lesions. MRI shows a poorly circumscribed lesion 
with moderate hyperattenuation on T1l- and T2-weighted 
images and moderate enhancement with gadolinium (15). 
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Once a lymphoproliferative lesion is suspected based 
on clinical history and imaging, an open biopsy should 
be performed to establish the diagnosis. Fresh tissue is 
analyzed with immunohistochemical, molecular genet- 
ics, and flow cytometry studies to identify monoclonal 
(i.e., malignant) proliferations. All patients with hyper- 
cellular lymphoproliferative lesions (including benign 
reactive hyperplasia) should be referred to an oncolo- 
gist for evaluation of possible systemic dissemina- 
tion. Evaluation may include complete blood count 
(CBC); bone marrow biopsy; CT scans of the chest, 
abdomen, and pelvis; and regular periodic follow-ups. 
Approximately 20% to 30% of patients with periocular 
lymphomas will have disseminated disease at diagno- 
sis, and an additional 30% will develop it over 5 years. 
Bilateral periocular involvement confers a greater risk of 
systemic spread, as do certain locations; the risk is low- 
est with conjunctival lesions, greater with orbital lesions, 
and highest with eyelid lesions (7). 

Low-dose radiation therapy is the treatment of choice 
for primary orbital lymphomas and achieves local control 
in most cases, with a 5-year survival rate of 90% to 100%. 
Surgical cure is usually not possible given the infiltrative 
nature of the lesions. For secondary orbital lymphomas, 
systemic treatment with chemotherapy is used alone or in 
combination with orbital radiotherapy. Recent studies have 
suggested an interesting link between chronic Chlamydia 
psittaci infection and orbital MALT lymphomas, based on 
the theory that these lesions are antigen-driven. A similar 
link has been previously noted in gastric MALT lympho- 
mas and Helicobacter pylori infection. Treatment of orbital 
MALT lymphomas with doxycycline has shown to induce 
partial to complete response. However, other studies of 
orbital lymphomas have failed to detect chronic chlamydia 
infection, and thus suggest a possible geographic distribu- 
tion of this association (15). 


Leukemia 


Leukemia is the most common malignancy of childhood. 
Leukemic infiltrates may involve the orbit, and are more 
common with myelogenous leukemias than lymphocytic 
ones. Granulocytic sarcoma (chloroma, myeloid sarcoma) 
is a primary tissue mass form of acute myeloid leukemia. 
The tumor mass is composed of granulocytic precursor 
cells with varying degrees of differentiation. These lesions 
may occur prior to the development of systemic leukemia 
in up to 88% of cases, with systemic involvement usually 
occurring within 1 year (16). 

These lesions typically occur in children during the first 
decade of life, with a mean age of 7 years. The most com- 
mon presenting clinical sign is proptosis from a rapidly 
enlarging mass. Eyelid swelling and ecchymosis may also 
occur. Lesions may involve the orbital soft tissue, lacrimal 
gland, and subperiosteum of the orbital bones, with a pre- 
dilection for the lateral and medial walls (17). 


CT scan shows a large irregular mass with possibly bony 
erosion. As these features may not distinguish these lesions 
from other pediatric orbital malignancies in cases present- 
ing prior to systemic leukemic involvement, biopsy is often 
required. A greenish appearance of these lesions on biopsy 
has been reported in up to 70% of cases (hence the term 
chloroma) and is due to the exposure of myeloperoxi- 
dase to ultraviolet light (16). Touch preparations may be 
performed on the tissue to stain for cytoplasmic esterase 
(Leder stain) and myeloperoxidase. Treatment consists of 
local radiotherapy and systemic chemotherapy. 


Langerhans Cell Histiocytosis (Histiocytosis X) 


Langerhans cell histiocytosis (LCH), formerly known as 
Histiocytosis X, is the accumulation of proliferating mono- 
cytes and dendritic histiocytes (epidermal macrophages). 
The exact histogenesis is unclear, but it is thought to result 
from mononuclear phagocyte dysregulation. LCH encom- 
Passes a spectrum of diseases. Eosinophilic granuloma is 
the most common and benign entity and is characterized by 
unilateral, usually solitary, osseous lesions. The intermediate 
clinical form is called Hand-Schiller-Christian disease and 
classically presents as the triad of diabetes insipidus, propto- 
sis, and multifocal lytic bone lesions. Letterer-Siwe disease is 
the disseminated, most aggressive form of the disease. 

LCH is a rare disease, with an estimated annual inci- 
dence ranging from only 0.5 to 5.4 cases per million per- 
sons per year. The disease occurs in children and teens, 
with a peak incidence between 5 and 10 years of age. There 
is a male predilection, with male-to-female ratio of 2:1. 
Orbital involvement occurs in up to 20% of cases, most 
frequently presenting as a lytic defect of the superolateral 
orbit (frontal, zygomatic, or greater sphenoid bones), and 
causing relapsing episodes of superolateral inflammation 
with eyelid swelling and erythema that may initially mimic 
infectious orbital cellulitis. Proptosis may also occur from 
the enlarging bony lesion. 

CT scan shows a punched-out, osteolytic bone lesion 
with sharp borders. Treatment of isolated orbital bone 
lesions consists of surgical excision, which may be curative. 
Intralesional steroid injection or low-dose radiotherapy 
may be used as adjuncts to surgery. Spontaneous remission 
has also been reported after biopsy. Patients with dissemi- 
nated disease receive aggressive chemotherapy treatment. 
Prognosis depends on the degree of involvement, with 
unifocal disease carrying an excellent prognosis, and dis- 
seminated disease carrying a 50% mortality rate (7). 


NEURAL TUMORS 


Optic Nerve Gliomas 


Optic nerve gliomas (juvenile pilocytic astrocytoma) are 
cytologically benign tumors that occur most often in child- 
hood, with peak age of onset between 2 and 6 years. Up 


to 50% are associated with neurofibromatosis, and may 
be bilateral in this setting. Patients typically present with 
slowly progressive, painless, axial proptosis and profound 
vision loss. Eye exam findings include an afferent pupillary 
defect, optic atrophy, optic nerve edema, and strabismus. 

Although these tumors are generally self-limited or 
progress slowly, some show aggressive growth. They may 
extend along the length of the optic nerve but typically 
do not invade the adjacent dura. Intracranial extension 
may lead to hypothalamic and pituitary dysfunction. 
Cystic degeneration can lead to sudden tumor enlarge- 
ment and subsequent vision loss, but does not represent 
true tumor growth. Spontaneous improvement has also 
been observed but is rare (7). Characteristic orbital imag- 
ing findings are usually sufficient to establish diagnosis. 
Fusiform enlargement of the optic nerve is seen, with 
kinking or tortuosity commonly seen. Calcifications are 
rare. Contrast enhancement is variable on CT, and moder- 
ate to marked on MRI (18). 

Treatment includes observation, resection, and radia- 
tion therapy. Close observation is indicated when the 
tumor remains isolated to the orbit and vision is intact. 
Surgical excision with free margins is indicated in cases of 
aggressive growth in order to prevent chiasm, contralat- 
eral optic nerve, or life-threatening intracranial extension. 
Radiation or chemotherapy can be used to retard growth 
of lesions already affecting the chiasm. Given its adverse 
effects on childhood development, chemotherapy is pre- 
ferred over radiation. 


Orbital Meningiomas 


Orbital meningiomas represent up to 4% of all orbital 
lesions. They are the fifth most common orbital tumor 
(2). Meningiomas are derived from meningothelial cells 
of the arachnoid villi. Primary optic nerve sheath menin- 
giomas are much less common than secondary orbital 
meningiomas, which arise intracranially and extend to the 
orbit through the optic canal, superior orbital fissure, or 
bone (17). 

Primary optic nerve sheath meningiomas (Fig. 130.3) 
occur most frequently in women in the third to fourth 
decade of life. Slowly progressive vision loss occurs over 
years. Gaze-evoked transient visual obscurations, axial 
proptosis, and ocular motility restriction are possible. An 
afferent pupillary defect and visual field disturbance can be 
detected on exam. Ophthalmoscopic examination typically 
demonstrates optic nerve edema or atrophy. Optociliary 
shunt vessels are visible on fundus exam in up to a third 
of patients; these collaterals permit retinal venous outflow 
through the choroidal circulation and thus bypass central 
retinal vein obstruction secondary to tumor compression. 
Lesions occurring in childhood are often associated with 
neurofibromatosis. 

Secondary meningiomas occur ina slightly older popu- 
lation, typically in the fifth decade of life, and also with 
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a female preponderance. Lesions involving the greater 
sphenoid wing and lateral orbital wall cause propto- 
sis, temporal fossa swelling, and lower eyelid swelling. 
Tumors involving the lesser sphenoid wing may lead to 
early vision loss and visual field defects due to optic nerve 
involvement (19). 

Diagnosis can often be established on the basis of char- 
acteristic imaging features. Primary optic nerve menin- 
giomas show diffuse tubular enlargement with marked 
contrast enhancement on both MRI and CT. Globular 
enlargement occurs less frequently and is the result of 
tumor invasion of the adjacent dura. CT demonstrates focal 
calcifications in 20% to 50%. Contrast-enhanced axial CT 
often reveals a linear central hypointense optic nerve sur- 
rounded medially and laterally by a hyperintense nerve 
sheath—a well-known finding termed “tram-tracking.” 
Bony remodeling can be seen with expansive, long-stand- 
ing lesions. Secondary orbital meningiomas produce bony 
hyperostosis. The presence of a dural tail on contrasted 
MRI helps distinguish meningioma from fibrous dysplasia 
(18). Most meningiomas are histologically benign, with 
aggressive forms occurring most commonly in younger 
patients. 

Surgery is indicated for secondary meningiomas when 
compression of surrounding structures causes significant 
visual, cosmetic, or intracranial morbidity. Treatment of 
primary optic nerve sheath meningiomas is dictated by the 
degree of vision loss and the presence of intracranial exten- 
sion, which occurs in up to 15% of patients. If vision loss 
is only moderate, patients are often observed because of 
the tumor’s slow growth. If vision loss is progressive, vision 
function can be improved with radiation therapy. Surgical 
excision is performed when intracranial extension threat- 
ens the optic chiasm or contralateral optic nerve, or when 
the tumor has caused marked vision loss and significant 
proptosis (7). 


Schwannoma (Neurilemoma) 


Schwannomas are uncommon benign tumors of the 
peripheral nerve sheath. They arise due to proliferation of 
the myelin-producing Schwann cells and rarely undergo 
malignant transformation. They occur most commonly in 
adults between 20 and 60 years of age and are most often 
found in the superior or intraconal orbit. They can cause 
slowly progressive proptosis, and location at the orbital 
apex may cause progressive vision loss. Histopathologically, 
these lesions are well-encapsulated and are divided into 
Antoni A type (solid tissue with spindle cells arranged in 
whorls or palisades) or Antoni B type (loose myxoid tissue 
containing stellate cells). CT scan shows a dense, well-cir- 
cumscribed, ovoid, or fusiform mass that enhances with 
contrast. Long-standing lesions may demonstrate bony 
remodeling, lower density areas of mucinous cystic degen- 
eration, and calcification. Treatment consists of complete 
surgical excision of the tumor and capsule (17-19). 
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E 


Optic canal meningioma. A: Tumor exposure via an endonasal endoscopic approach. 
B: Sharp dissection of the meningioma away from the optic nerve. C: Postresection endoscopic view 
with complete tumor excision. D: Preoperative coronal T1 MRI with contrast. E: Postoperative coro- 
nal T1 MRI with contrast with complete tumor removal. 


INFLAMMATORY TUMORS 


Idiopathic Orbital Inflammation 


Idiopathic orbital inflammation (IOI), also known as 
orbital pseudotumor, is a nongranulomatous inflamma- 
tory disorder with a heterogeneous clinical presentation. 
It can occur in children and adults, and accounts for up 
to 11% of all orbital lesions (2). Almost any orbital struc- 
ture may be involved, including one or more extraocular 
muscles (orbital myositis), the sclera and posterior tenons 
(sclerotenonitis), or the optic nerve sheath (inflamma- 
tory optic neuritis). Patients may also present with a more 
diffuse process involving the orbital fat, multiple orbital 
structures, or with extension into the sinuses or intracra- 
nial cavity. 

As the anatomic site of involvement dictates the signs 
and symptoms, the clinical presentation of IOI is varied. 
Patients commonly experience deep, boring periocular 
pain. Ocular motility restriction, diplopia, proptosis, 
conjunctival inflammation, and eyelid erythema and 
edema may also occur. Myositis may cause pain on eye 
movement. Decreased vision may be seen when the optic 
nerve, sclera, or posterior tenons are involved. Children 
often present with systemic signs such as fever, emesis, 
abdominal pain, and lethargy. Bilateral disease is seen 
in up to 30% of children with IOI. In contrast, bilateral 
involvement in an adult signals an underlying systemic 
vasculitis (7). 

Diagnosis is usually clinical, and often confirmed with 
orbital imaging. CT shows an ill-defined, heterogeneous 
infiltrate that enhances with contrast during the acute 
phase. Laboratory findings include an increase in erythro- 
cyte sedimentation rate, peripheral blood eosinophils, and 
cerebrospinal fluid (CSF) pleocytosis. 

First-line treatment consists of oral corticosteroids 
(1 mg/kg/day). A rapid and dramatic response is typically 
observed within a few days, and steroids are tapered slowly 
over several weeks to prevent rebound inflammation. 
Biopsy may be required in patients with atypical symp- 
toms, imaging features, treatment failure, or recurrence off 
steroids. This is especially true for lacrimal gland lesions, 
as an aggressive malignancy may also present with inflam- 
mation. Biopsy-confirmed refractory cases may respond 
to low-dose radiation therapy or immunosuppressants. 
A sclerosing variant has been found to be less responsive to 
systemic steroids and radiation, and may respond to intra- 
orbital steroid injection (20). 


Orbital Vasculitis 


Orbital vasculitis is an inflammatory disorder that is 
associated with multiple systemic vasculitides. Giant cell 
arteritis, polyarteritis nodosum, Wegener granulomatosis, 
and connective tissue disorders such as systemic lupus 
erythematosus, dermatomyositis, and rheumatoid arthri- 
tis may involve orbital vessels. The pathogenesis involves 
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a type II hypersensitivity reaction to circulating immune 
complexes with deposition of inflammatory cells in the 
vessel walls and subsequent orbital ischemia. Patients 
may present with painful proptosis and symptoms of 
systemic vasculitis. In patients with no known history or 
symptoms of systemic disease, the presentation may be 
confused with IOI. For this reason, failure of corticoste- 
roid treatment in cases of presumed IOI should prompt 


biopsy (7). 


Thyroid-Associated Orbitopathy 


Although not considered an orbital lesion, thyroid- 
associated orbitopathy (TAO) is a common cause of orbital 
inflammation and is the most common cause of unilat- 
eral and bilateral proptosis in adults. The thyroid status 
of patients presenting with TAO varies: 90% are hyperthy- 
roid, 6% are euthyroid, 3% have Hashimoto thyroiditis, 
and 1% are hypothyroid. Smoking exacerbates the disease, 
with severity being dose-dependent on the number of ciga- 
rettes smoked per day. The pathogenesis of TAO involves 
circulating autoantibodies to thyroid-stimulating hormone 
receptor (TSH-R) and insulin-like growth factor receptor 
(IGF-1R), which cross-react with orbital fibroblasts and 
stimulate them to differentiate into adipocytes and pro- 
duce glycosaminoglycans, with resulting increase in orbital 
soft tissue volume. 

The most common presenting sign is eyelid retrac- 
tion, often with lateral temporal flare of the palpebral fis- 
sures. Proptosis, lagophthalmos, conjunctival chemosis 
and hyperemia over the rectus muscle insertions, extra- 
ocular muscle restriction, and optic neuropathy may also 
be observed. CT scan demonstrates the classic finding of 
fusiform extraocular muscle enlargement, which, unlike 
orbital myositis, spares the tendinous muscle insertions. 
Treatment of the active phase of TAO is aimed at estab- 
lishing a euthyroid state, which can be accomplished with 
radioactive iodine ablation, antithyroid medications, or 
total thyroidectomy. A transient worsening of TAO may 
be noted after radioactive iodine ablation and total thy- 
roidectomy, likely due to the release of TSH-R antigens. 
Vision-threatening optic nerve compression or exposure 
keratopathy may be temporized with corticosteroids 
and/or orbital radiation therapy. Total thyroidectomy 
may provide further control if not already performed. 
Definitive treatment most often requires orbital decom- 
pression. Recent studies have shown beneficial effects of 
immunomodulatory agents in treating vision-threaten- 
ing TAO (21). 


CYSTS 


Cystic lesions of the orbit are uncommon, representing 
only 6% of all orbital lesions (2). The majority of these 
lesions are dermoid cysts and epithelial inclusion cysts. 
Histologically, dermoid cysts and epithelial inclusion cysts 
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are lined by epithelium and contain a central lumen filled 
with the secretory products of this lining. They are thought 
to arise from epithelial and subepithelial tissue that 
becomes entrapped within bony sutures during embryo- 
genesis or becomes implanted in the orbit as the result of 
surgical or nonsurgical trauma. 


Dermoid Cysts 


Dermoid cysts are lined by keratinized stratified squamous 
epithelium and contain dermal appendages, such as hair 
shafts, sebaceous glands, and even sweat glands, in their 
walls. Their central lumens are filled with a mixture of ker- 
atin, oil, and occasionally hair shafts. Approximately 5% of 
dermoid cysts arise from conjunctival epithelium (nonke- 
ratinized stratified squamous epithelium with goblet cells). 

They are often found in the anterior superolateral orbit 
at the frontozygomatic suture, but can be found supero- 
medially at the frontoethmoidal suture, or at any other 
bony suture. Patients often present in the first decade of life 
with a slowly progressive, painless, subcutaneous mass. It 
is typically firm to palpation, and may be freely mobile or 
fixed to bone. Deep orbital dermoid cysts typically present 
later in adulthood with proptosis and globe displacement. 
Dermoid cysts may also present as orbital inflammation, 
which is caused by an intense granulomatous reaction 
incited by cyst leakage. In younger patients, it is important 
to distinguish medial dermoid cysts from encephaloceles, 
mucoceles, or dacryoceles (22). 

CT scan shows a round to ovoid, well-defined cystic 
structure with a thin wall that may contain calcifications. 
A dumbbell configuration may be seen with cysts that 
extend through the suture into the temporalis fossa, 
sinuses, or cranial vault. Bony remodeling or erosion may 
occur in long-standing cases. Fat-fluid levels may be seen 
on CT or MRI. Contrast may cause mild enhancement of 
the rim but not the lumen (18). 

Treatment consists of complete surgical excision in 
symptomatic patients. It is important to avoid intraop- 
erative cyst rupture. If rupture does occur, copious irriga- 
tion should be performed to avoid marked inflammatory 
reaction. For lesions that traverse a bony suture, complete 
excision may be difficult. Recurrence can occur after incom- 
plete excision. 


Epithelial Inclusion Cysts 


Epithelial inclusion cysts differ from dermoid cysts in that 
they do not contain dermal appendages in their walls and 
are filled with keratin and epithelial debris. They may 
arise from cutaneous, conjunctival, respiratory, or apo- 
crine gland epithelium. They may occur at any age, and are 
found most commonly on the eyebrow and eyelid. Orbital 
lesions are less common, and may represent posterior 
extension or a primary lesion. Unlike dermoids, epithelial 
inclusion cysts typically do not demonstrate fat content 


or rim calcifications on CT. The clinical presentation and 
management of these lesions is similar to that of dermoid 


cysts (22). 


MESENCHYMAL TUMORS 


Rhabdomyosarcoma 


Rhabdomyosarcoma (RMS) is the most common primary 
malignancy of the orbit in the pediatric population. Four 
types have been described, including embryonal, alveolar, 
pleomorphic, and botryoid types. Embryonal is the most 
common subtype, alveolar is the most malignant subtype, 
and the pleomorphic subtype carries the best prognosis. 
Nearly half of the primary sites of occurrence for RMS lie 
within the head and neck, and orbital RMS accounts for 
roughly one-third of these (23). Orbital RMS does not arise 
from the extraocular muscles, but rather from the primi- 
tive undifferentiated mesenchymal cells within the orbit, 
particularly within the superomedial quadrant. Metastasis 
does occur via hematogenous spread, mainly to the lung 
and bones. 

The disease is nonhereditary and presents at a median 
age of 8, with 90% of cases being diagnosed in patients 
prior to the age of 13 (23). Rarely, it may occur in older 
adults. Males are predominantly affected with a 5:3 
male-to-female ratio. Patients usually present progressive 
proptosis over days to weeks, with one in three children 
presenting with ptosis and a palpable mass. There is often 
marked eyelid edema and discoloration. Downward globe 
displacement may be observed, reflecting the predilection 
of this tumor for the superomedial quadrant. However, the 
tumor may occur in any quadrant. The alveolar subtype 
tends to occur more frequently in the inferior orbit. 

On CT imaging, the tumor typically shows moderately 
well-defined to ill-defined margins and an irregular shape 
with moderate contrast enhancement. In roughly 40% of 
cases, bony destruction is also seen. It appears isointense to 
muscle on T1- and hyperintense to muscle on T2-weighted 
MRI images (23). Definitive diagnosis is usually obtained 
via open biopsy or CT-guided fine needle aspiration 
(FNA) for deeper lesions. Evaluation for systemic spread 
should be performed, including bone marrow biopsy, 
chest radiographs, CBC, liver function tests, and lumbar 
puncture. Once a diagnosis is confirmed by biopsy, treat- 
ment consists of primary chemoradiation therapy. With 
the advent and widespread use of these treatment modali- 
ties, survival rates have been found to be over 90% in most 
series (24,25). 


Fibrous Dysplasia 


Fibrous dysplasia was found to account for roughly 1% of 
all orbital tumors in a recent series (2). Fibrous dysplasia 
is a rare, nonhereditary disease of the bone that is thought 
to be due to hamartomatous malformations of immature 


bone and osteoid that replaces the normal bone with 
fibrous tissue. The disease may be restricted to only one 
site of the skeleton (monostotic) or may affect multiple 
skeletal areas (polyostotic). It is thought that roughly one 
in five cases of fibrous dysplasia involve the craniofacial 
bones. Most of the lesions found in the orbit are mono- 
stotic, with the orbital roof being the most common site 
of involvement (26). However, craniofacial involvement 
may accompany orbital disease in patients with McCune- 
Albright syndrome, which consists of a triad of polyostotic 
fibrous dysplasia, sexual precocity, and skin pigmentation 
occurring more frequently in women. Malignant trans- 
formation of this condition is quite rare but when it does 
occur, it is usually associated with prior irradiation (26). 

While the disease has traditionally been considered a 
disease of childhood, it has also been found to occur well 
into adulthood. Lesions are usually noticed within the first 
two decades of life, but can remain asymptomatic and undi- 
agnosed for extended periods of time. The clinical presenta- 
tion depends upon the orbital bones involved, with most 
patients presenting with facial asymmetry, orbital dystopia, 
and proptosis. Epiphora may result from involvement of 
the nasolacrimal duct. Progressive narrowing of the foram- 
ina of the orbital apex can cause multiple motor and sen- 
sory cranial neuropathies, as well as vision loss from optic 
nerve compression in up to 50% of patients (18). 

On CT imaging, the affected bone appears hyperostotic 
and thickened, with multiple areas of lytic spaces inter- 
mixed with “ground-glass”-like sclerotic areas (Fig. 130.4). 
CT imaging characteristics may resemble those of sphenoid 
wing meningiomas, and the lack of dural enhancement of 
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these lesions on MRI can often be useful in further distin- 
guishing the two. Fibrous dysplasia lesions often show an 
area of low-to-intermediate signal intensity and moderate 
to marked enhancement of contrast on MRI. Surgical treat- 
ment involves local resection or curettage and is indicated 
in patients with pain, marked deformity, or malignant 
transformation. 


Solitary Fibrous Tumor 


Solitary fibrous tumor (SFT) is a relatively new pathologic 
entity/classification. In a recent large series of 41 fibro- 
blastic tumors with overlapping morphologic features 
originally diagnosed as hemangiopericytomas, fibrous 
histiocytomas, mixed tumors, or giant cell angiofibro- 
mas, reclassification using modern-day pathologic evalu- 
ation techniques showed that all cases were rediagnosed 
as SFTs (27). It is an uncommon spindle cell tumor that 
rarely occurs in the orbit. Previous to this recent series and 
likely due to previous designations, there had been only 
53 cases reported worldwide since it was first described in 
the orbit in 1994 (28). The mean age of onset is 40 years, 
and patients present with proptosis and diplopia. A pal- 
pable mass with or without pain has also been observed. 
SFTs are hypervascular lesions with CT scan findings of a 
well-circumscribed mass with moderate contrast enhance- 
ment and possible calcification and bony remodeling. On 
MRL, these lesions appear as an intermediate intensity mass 
on Tl-weighted images with moderate contrast enhance- 
ment. Histologically, SFIs consist of densely arranged 
spindle-shaped cells in a storiform pattern with numerous 


Figure 130.4 Orbital and ethmoid fib- 
rous dysplasia. A: Preoperative CT with- 
out contrast. B: Postoperative CT without 
contrast with complete tumor excision, 
coronal view. C: Postoperative CT with- 
out contrast with complete tumor exci- 
sion, axial view. 
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vascular channels (28). They share histologic similarities 
to fibrous histiocytoma and hemangiopericytoma lesions. 
However, immunohistochemical studies can differentiate 
between them and can be utilized to confirm the diagno- 
sis, as SFTs stain positively for CD34. Treatment includes 
en bloc tumor resection, although residual tumor has been 
found to remain stable for some time. 


Osteoma 


Primary bone tumors of the orbit constitute roughly 1% of 
all orbital tumors and in most series, a third to a half of these 
lesions are benign osteomas (2,26). These lesions are often 
secondary orbital tumors as well, originating in the adja- 
cent frontal, sphenoid, and/or ethmoid paranasal sinuses. 
The roof of the orbit is most commonly affected in primary 
osteomas of the orbit. These lesions are most commonly 
unilateral and present in adulthood. CT scan or plain films 
show a sessile or pedunculated smooth, rounded mass with 
density similar to normal cortical bone. Patients presenting 
with multiple lesions must be considered for Gardner syn- 
drome, a hereditary disease associated with multiple osteo- 
mas, other soft tissue tumors, and colon polyps with nearly 
100% malignant transformation. Symptoms vary depend- 
ing on the location and size of the osteoma. These lesions 
can often be followed conservatively, while symptomatic 
lesions are usually resected with recurrence being rare. 


Sarcomas 


Malignant mesenchymal lesions such as osteosarcoma, 
fibrosarcoma, chondrosarcoma, and liposarcoma are 
exceedingly rare in the orbit, but have been reported and 
are known to occur in the orbit as primary malignan- 
cies. Children with a history of retinoblastoma have been 
shown to be at higher risk for sarcomas of the orbit even if 
they have not undergone treatment with radiation (7). All 
of these sarcomatous lesions have a very poor prognosis 
due to their highly malignant nature. 


LACRIMAL TUMORS 


Mass lesions that affect the lacrimal gland most often pro- 
duce signs of proptosis and inferomedial displacement of 
the globe. Most lacrimal gland masses are due to idiopathic 
orbital inflammatory disease and are accompanied by 
other signs and symptoms associated with these processes. 
These often include lateral upper eyelid swelling, erythema, 
and warmth. One such diagnosis is acute dacryoadenitis, 
caused by either viral or bacterial infection of the lacrimal 
gland. Offending agents can include herpesvirus, mumps, 
mononucleosis, staphylococcal and/or streptococcal micro- 
organisms. Shields et al. (2) found in their series of 1,264 
patients that lacrimal gland lesions represented 9% of all 
space-occupying orbital lesions, with roughly 20% of these 
being lesions of epithelial origin. It has been said that 
another 20% to 30% of lacrimal gland lesions are caused 


by lymphoproliferative disorders with the remaining 50% 
to 60% of lesions being caused by inflammatory and/or 
infectious causes. Lymphoid lesions of the lacrimal gland 
include atypical and benign reactive lymphoid hyperplasia, 
leukemias, and malignant lymphomas. 

Of the epithelial lesions, roughly 50% to 60% have 
been shown to be benign in nature, the vast majority of 
which are pleomorphic adenomas (benign mixed tumors). 
These usually present with slowly progressive painless 
proptosis with inferomedial globe displacement over a 
period of months to years. Upper eyelid edema may also 
be a presenting finding. Radiographic findings usually 
reveal a round well-circumscribed mass at the superolat- 
eral orbit with enlargement of the lacrimal fossa, but no 
bony destruction. While complete surgical excision with an 
intact capsule is always the goal, recent data have shown 
that recurrence rates remain low even when there is viola- 
tion of the tumor capsule and/or when complete excision 
is carried out after previous incomplete excision (29). 

The remaining 40% to 50% of epithelial lesions are 
malignant carcinomas. Of this subgroup, adenoid cystic 
carcinoma (ACC), carcinoma ex-pleomorphic, adenocar- 
cinoma, and mucoepidermoid carcinoma are the most 
common in descending order. In ACC, the most common 
presenting signs are globe ptosis, dystopia, and proptosis 
(29). Rapidly developing pain and/or hypoesthesia are 
ominous signs of an aggressively behaving tumor. A basi- 
loid histopathologic pattern has a much poorer survival 
when compared to nonbasaloid patterns (29). Recently, 
improvement in prognosis has been shown in patients with 
ACC that are treated with intra-arterial cytoreductive che- 
motherapy as an adjunct to conventional treatment of sur- 
gery and adjuvant radiation therapy, although this has not 
yet become standard of care (29). Other common malig- 
nant epithelial lesions include carcinoma ex-pleomorphic 
(aka malignant mixed cell carcinomas), adenocarcinomas, 
and mucoepidermoid carcinomas. All of these lesions tend 
to present with progressive proptosis, pain, and/or numb- 
ness in the periorbital region, and imaging findings sug- 
gest bony destruction and expansion of the lacrimal fossa. 
Mortality for most of these carcinomas is greater than 50%. 
Biopsy is indicated to establish a definitive diagnosis and if 
feasible, complete surgical excision of the lesion should be 
the primary modality of treatment, often including exen- 
teration with excision of adjacent orbital bone and peri- 
orbital soft tissues. Adjuvant radiation therapy is nearly 
universally recommended as well. 


SECONDARY LESIONS 


With the orbit’s anatomic proximity and shared borders, 
it is of no surprise that the majority of secondary orbital 
tumors arise from paranasal sinus, eyelid and periorbital 
skin, and intracranial primary processes. However, primary 
processes of the globe and conjunctiva can cause second- 
ary orbital tumors as well. Secondary tumors accounted for 
roughly 44% of all tumors in Henderson Mayo Clinic series 


(Henderson), while more recent large series have shown 
slightly lower rates of 11% to 26% (2,3). In the Mayo series, 
the most common secondary lesions affecting the orbit 
were: mucoceles, SCCs, meningiomas, BCCs, and vascu- 
lar malformations (1). More recent data have shown that 
malignant melanomas of the skin, conjunctiva, and uvea/ 
choroid have increased in prevalence, accounting for 45% 
of all secondary tumors (2). It should be noted that muco- 
celes were not included in this series. Regardless, primary 
skin lesions such as BCC, SCC, and melanoma of the eyelid 
and periorbital skin are an increasingly common secondary 
orbital lesion encountered by the modern-day physician. 
Paranasal mucoceles, mainly of the frontoethmoid and 
sphenoid sinuses, continue to be prominent lesions second- 
arily involving the orbit. Similarly, the relatively rare invasive 
processes of the paranasal sinuses, including SCC, inverting 
papilloma, adenocarcinoma, ACC, mucosal melanoma, 
sinonasal undifferentiated carcinoma, and esthesioneuro- 
blastoma, all have the high anatomic potential to encroach 
upon and invade the orbital space. Intracranial processes, 
most commonly meningiomas of the sphenoid ridge, also 
account for a substantial portion of secondary tumors of 
the orbit. Regardless of origin, the primary process requires 
treatment, often in conjunction with addressing the orbital 
involvement, often with a multidisciplinary team approach. 


METASTATIC TUMORS 


Orbital metastasis represents approximately 7% of all 
orbital tumors, and is therefore an important entity to con- 
sider in the differential diagnosis. Metastasis to the orbit is 
reported to occur in approximately 2% to 4.7% of patients 
with systemic cancer (30,31). Orbital metastasis may be 
the presenting sign of malignancy in up to 25% of patients. 

The vast majority of orbital metastases are carcino- 
mas. Breast carcinoma is the most common, accounting 
for 50% of metastatic orbital lesions, followed by pros- 
tate and lung carcinomas (2,30-32). Other less common 
metastases include gastrointestinal carcinoma, renal cell 
carcinoma, thyroid carcinoma, and malignant melanoma. 
Orbital metastasis is predominantly a condition of adult- 
hood, with greater than 90% of cases occurring in patients 
aged 40 years or older. Bilateral disease is unusual, with 
more than 90% of cases occurring unilaterally. 

The onset of symptoms is usually rapid and progressive, 
occurring over weeks to months. The most common pre- 
senting signs and symptoms include pain, proptosis, dip- 
lopia, decreased vision, ptosis, inflammation, and ocular 
motility restriction. The extraocular muscles are a common 
site of metastasis due to their rich blood supply. The bone 
marrow space of the sphenoid bone is also commonly 
involved given its high volume of low-flow blood, and lytic 
destruction of this part of the lateral orbital wall is highly 
suggestive of metastatic disease (7). Paradoxical enoph- 
thalmos has been well documented in metastatic scirrhous 
breast carcinomas due to the fibrosis and secondary con- 
tracture of orbital contents. 
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The most common metastatic tumor of childhood is 
neuroblastoma. Neuroblastoma metastasizes to the orbit 
in 15% of cases, presenting with the abrupt onset of unilat- 
eral or bilateral proptosis and ischemia-induced lid ecchy- 
mosis. The mean age of onset of neuroblastoma is 2 years, 
and metastasis often occurs late in the disease when the 
primary tumor can be detected in the abdomen, mediasti- 
num, or neck (24). 

Orbital imaging with CT and MRI may offer important 
clues to diagnosis. Metastatic lesions typically enhance on 
contrasted MRI. CT findings suggestive of breast carcinoma 
include a diffuse, infiltrative orbital mass extending along 
the extraocular muscles with possible bony destruction. 
Gastrointestinal and thyroid carcinomas may have both 
bony and soft tissue involvement. Prostatic carcinoma is 
known to metastasize to bone and produce hyperdense 
osteoblastic bone lesions, although osteolytic lesions 
may also be seen. Neuroblastoma frequently causes bony 
destruction of the lateral orbital wall and sphenoid mar- 
row. Definitive diagnosis is made with tissue diagnosis by 
fine-needle aspiration biopsy or orbitotomy. 

In general, orbital metastasis is associated with a poor 
prognosis (31). The goal of treatment is palliative and con- 
sists mainly of local radiation therapy. When orbital metas- 
tasis is the initial presentation of breast cancer, the orbital 
biopsy specimen should be analyzed for estrogen receptor 
expression in order to determine whether hormonal ther- 
apy would be beneficial (7,30). 


SURGICAL APPROACHES 


The approach that one chooses needs to be dictated by the 
anatomic location of the lesion, and to a lesser extent, the 
pathology of the lesion. An understanding of the anatomy 
of the orbit and the ability to correlate this with radio- 
graphic findings is also extremely important when striving 
to preserve form and function of the eye. 

The choice of surgical approach to access orbital lesions 
depends on the location of the lesion, the extent of expo- 
sure required, and the goal of the surgery (biopsy, surgical 
debulking, or complete excision). A variety of transcutane- 
ous and transconjunctival incisions can be used to provide 
transseptal, transperiosteal, or sub-Tenon’s access to the 
extraconal and intraconal orbital space. 

An anterior orbitotomy approach is used for lesions 
located anterior to the posterior aspect of the globe. 
Transcutaneous or transconjunctival incisions can be utilized 
to access lesions in the superior, lateral, inferior, or medial 
space around the eye. In the superior anterior orbit, an upper 
lid crease incision can be extended transseptally or subperi- 
osteally, and provides better cosmesis than a subbrow inci- 
sion. Inferiorly, a subciliary blepharoplasty incision, lower 
lid crease incision, or transconjunctival incision can be used. 
The transconjunctival approach has become the preferred 
approach for inferior orbitotomy, and is accomplished with 
an incision through the inferior palpebral conjunctiva and 
lower lid retractors. Access to the medial anterior orbit can 
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be achieved through a transcutaneous frontoethmoidal 
(Lynch) incision, bulbar transconjunctival incision, or trans- 
caruncular incision. Laterally, an upper lid crease incision 
may be combined with a lateral canthotomy incision. 
Deeper extraconal lesions, intraconal lesion, and the 
optic nerve can be accessed via the incisions listed above 
with additional modifications to provide enhanced expo- 
sure. In the case of medial lesions, detachment of the 
medial rectus can provide access to the intraconal space. 
For better visualization of the posteromedial orbit, a medial 
orbitotomy can be combined with a lateral orbitotomy to 
allow lateral rotation of the globe. A full thickness verti- 
cal incision of the upper lid can also provide access to the 
superomedial intraconal space. In this lid-splitting tech- 
nique, the incision is made at the junction of the medial 
and central lid and transects the tarsus and levator aponeu- 
rosis (33). The transcaruncular incision has gained popu- 
larity for access to posteromedial lesions given its improved 
cosmesis compared to a skin incision. The transcaruncular 
technique provides wide subperiosteal access to the medial 
wall posteriorly to the orbital apex. When combined with 
a transconjunctival inferior fornix incision, additional infe- 
rior and inferolateral exposure can be achieved (34). Deep 
inferior orbital lesions can be exposed using a Caldwell-Luc 


incision to access the maxillary sinus. In this approach, an 
incision through the gingiva exposes the anterior wall of 
the maxillary sinus, an opening is created in the sinus, and 
the posteroinferior floor is removed (33). 

A lateral orbitotomy approach provides access to the 
posterolateral intraconal and extraconal spaces and the 
optic nerve. Briefly, an upper eyelid crease or lateral can- 
thotomy incision is used to mobilize the temporalis mus- 
cle and fascia and expose the lateral orbital wall. The bony 
lateral wall is removed with an oscillating saw in one piece 
to expose the underlying periorbita, which is excised. The 
lateral rectus can be retracted for intraconal access, and 
the bone sutured or plated back into position once exci- 
sion is complete (35). Wide exposure to the posterior orbit 
and skull base can be achieved with extension of the bone 
removal to the posterior orbital wall or greater wing of the 
sphenoid bone. Superior extension of the bone removal 
provides greater access for larger lacrimal fossa lesions. 

Lesions at the orbital apex, superior orbital fissure, or 
those that expand from the orbit into the cranial vault can 
be safely approached only by superior orbitotomy with 
frontal craniotomy. This approach requires a combined 
effort with neurosurgery. A frontotemporal or frontoorbito- 
temporal (Fig. 130.5) approach may also be used (36). 


Frontoorbitotemporal or orbitozygomatic 
(OZ) craniotomy. A: Intraoperative view of a frontotemporal 
craniotomy with a view of the lateral sphenoid wing menin- 
gioma (list as Tumor). The lateral orbital wall (Lat OW) is in 
place. B: Intraoperative view of the same case with the orbi- 
tozygomatic complex removed and the Temporalis muscle 
retracted inferiorly. C: Same photograph as 5B with the 
Anterior Cranial Fossa, Middle Cranial Fossa and orbit color 
coded illustrating the extent of exposure for this approach. 


Endoscopic skull base surgery is based upon the prin- 
ciple that an endonasal approach gives the operative sur- 
geon direct access to lesions of the anterior and ventral 
skull base without the morbidity classically associated with 
approaches that traverse neurovascular boundaries. The 
same principle is utilized in endoscopic approaches to the 
orbit. The structure that needs most attention is the optic 
nerve, with tumors extending lateral and superior to the 
nerve are relatively inaccessible via the endonasal route. 
Conversely, lesions that are located inferomedially provide 
the most direct route for an endoscopic approach. 

For nearly all cases, standard image guidance regis- 
tration is performed, with the surgeon(s) reviewing the 
operative plan for that particular case. The approach first 
includes standard endoscopic rhinologic procedures. The 
uncinectomy and maxillary antrostomy are widely opened 
and the floor of the orbit is found. The ethmoids are tra- 
versed and the sphenoid is then opened for visualiza- 
tion of the carotid artery, optic nerve, planum, and sella. 
Dissection then proceeds anteriorly along the skull base 
to address the bony septations along the skull base and 
lamina. If orbital apex or intraconal work is required, it is 
best to utilize a binaural approach previously described. 
The ipsilateral middle turbinate, posterior septum, and the 
contralateral sphenoid are opened as well. 

Three corridors for endoscopic endonasal intraorbital 
surgery for orbital tumors have previously been described 
(37). These include: an inferomedial approach for extra- 
conal lesions, a transmaxillary approach for lateral extra- 
conal lesions and a medial intraconal approach with 
displacement of the rectus muscles and intraconal dissec- 
tion between the rectus muscles (37). The medial/inferior 
extraconal approach is the approach also used for endo- 
scopic orbital and/or optic nerve decompression proce- 
dures. The medial/inferior intraconal approach utilizes a 
corridor between the medial and inferior rectus muscles 
(Fig. 130.6). This approach is best utilized after external 
identification, isolation, and retraction of the muscles as 
they insert on to the globe. This allows for a greater ease of 
dissection within the proposed corridor. 

Transorbital neuroendoscopic surgery (TONES) is a 
recently described approach to lateral anterior skull base 
lesions, as well as to paramedian lesions that cross neu- 
rovascular structures (38). Utilization of the TONES tech- 
niques has allowed for the safe and effective repair of CSF 
leaks, optic nerve decompressions, repair of cranial base 
fractures, and removal of skull base tumors. The preca- 
runcular (to access medial quadrant of the orbit), presep- 
tal lower eyelid (inferior quadrant), superior eyelid crease 
(superior quadrant), and the lateral retrocanthal (lateral 
quadrant) approaches have all been described (38). 

Regardless of the approach to the orbit, basic principles 
must be followed. First and foremost, it is critical to avoid 
crossing the optic nerve and ophthalmic artery. Therefore, 
tumors isolated to the superolateral orbit should not be 
approached endoscopically. Second, entry through the 


Chapter 130: Orbital Tumors 2077 


lamina papyracea should occur below the level of the eth- 
moidal foramina; therefore, limiting the risk of damage to 
the ethmoid arteries. Third, the extraocular muscles must 
be respected and handled with delicate caution. Lastly, 
team preoperative evaluations and planning and team sur- 
gery provides the best care for these complex lesions. 


GENERAL OPERATIVE PRINCIPLES 
AND POSTOPERATIVE CARE 


The surgeon who chooses to operate within the orbit must 
have a flawless knowledge of the intricate anatomy of this 
region. They must also utilize meticulous and deliberate 
technique. Respecting the delicate anatomic structures such 
as the vast neurovascular network within the orbit, the 
optic nerve and globe itself, and the extraocular muscles, 
is imperative. Avoiding excessive traction on these struc- 
tures, while also striving for meticulous hemostasis with 
use of biploar cauterization, is required. Properly utilizing 
dependent, and even suction, drains postoperatively is also 
needed. The use of the proper equipment that allows for 
delicate handling and dissection of tissues is needed when 
operating within the compact anatomy within and around 
the orbit. Principles such as traction/countertraction, expo- 
sure, hemostasis, and patience need to be followed at all 
times. Recognition of potential complications and urgent 
situations, both intraoperatively and postoperatively, is 
also important for every surgeon operating in this area. For 
example, realizing that extreme post-op pain, especially in 
association with chemosis, decreased acuity, and elevated 
intraocular pressures indicates a possible retroorbital hem- 
orrhage, which can lead to permanent ischemic injury to 
the optic nerve. Postoperatively, head elevation and the use 
of ice compresses also tend to help limit the edema that is 
often appreciated. Also, the use of ophthalmologic-specific 
medications, such as bacitracin ophthalmic ointment, is 
also required. Similarly, if any conjunctival incisions are 
made, whether bulbar or palpebral, a combination steroid- 
antibiotic drop should be prescribed prophylactically for a 
week's time. 


CONCLUSION 


Tumors and mass lesions affecting the orbit are overall 
quite rare, but an awareness of the extensive array and 
broad scope of pathologies potentially involved is impera- 
tive for clinicians treating patients with these problems. 
Common presenting signs and symptoms of orbital tumors 
include: proptosis, diplopia, visual acuity changes, and 
pain/pressure. The direction of proptosis is key in helping 
to determine the location, and often the most likely poten- 
tial pathologies, of the lesion. Imaging of the orbit plays 
a crucial role in the appropriate preoperative workup of 
patients with orbital tumors, with specific imaging charac- 
teristics often leading to a confident preliminary diagnosis 
prior to a true tissue diagnosis. Surgical approaches to the 
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E 


Endoscopic endonasal approach for an intraconal orbital tumor. A: External view of 
the left extraocular muscles identified and vessel looped for control. B: Intraconal identification and 
dissection of the hemangioma. MR, medial rectus, IF, inferior rectus. C: Lesion removed en bloc from 
the intraconal space. D: Preoperative MRI with contrast. E: Postoperative MRI with contrast with 
complete tumor excision. 


orbit can be classified based on the location of the orbit 
that requires access. Extraorbital, transcranial, and endo- 
scopic approaches have all been utilized in the treatment 
of these lesions. The choice of approach depends not only 
on the location of the lesion but the suspected or known 
pathology of the tumor, functional status of the orbit, and 
surgeon preference as well. 

While uncommon, orbital tumors and associated dis- 
eases may present to the practicing otolaryngologist. While 
appropriate recognition and workup is important, if an 
otolaryngologist decides to treat patients with these patho- 
logic processes, multidisciplinary teams are a tremen- 
dously important part of successful outcomes. The rarity 
and complexity of these cases often require Oculoplastic 
surgeons, Neurosurgeons, and Otolaryngologists to work 
together to safely and effectively treat patients. Early iden- 
tification, thoughtful workup, multidisciplinary approach, 
meticulous technique, and appropriate postoperative care 
can, in some cases, prolong life and cure disease, as well as 
preserve or restore form and function of the orbit. 


m The most common benign tumors of the orbit are 
hemangiomas and meningiomas. 

= The most common malignant tumor of the orbit is 
non-Hodgkin lymphoma. 

= RMS is the most common primary malignancy of 
the orbit in the pediatric population. 

m Proptosis is the initial and cardinal sign of an orbital 
lesion. 

m Visual acuity loss is a late finding of advanced dis- 
ease or a finding of a space-occupying lesion within 
the optic canal. 

m The orbital vault is made of seven bones: frontal, 
zygomatic, sphenoid, maxilla, lacrimal, palatine, 
and ethmoid bones. 

= Consideration for orbital metastases should be given 
for infiltrative and rapidly progressing orbital tumors. 
The most common primary site for metastasis in 
women is breast and for men is lung or prostate. 

= Surgical approach needs to be dictated by the anatomic 
location of the lesion, the pathology of the lesion, and 
the primary goal for surgery (e.g., biopsy vs. resection). 

m That extreme post-op pain, especially in association 
with chemosis, decreased acuity, and elevated intra- 
ocular pressure, indicates a possible retroorbital 
hemorrhage, which can lead to permanent ischemic 
injury to the optic nerve. 

m There are several options for surgical care of orbital 
tumors; however, for any of these approaches team 
planning and surgery usually provides the best 
outcome. 
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QUESTIONS 


1. A 35-year-old woman presents with a 3-month history 
of progressing double vision. On exam you note nor- 
mal acuity but a left cranial nerve 6 palsy. What is the 
next step? 


A. Obtain an MRI and CT KEY 


B. EMG of lateral rectus Distracter 
C. Serial clinical exam in 2 weeks Distracter 
D. Begin high dose steroids Distracter 


2. Which of these orbital bones contributes to the orbital 
rims? 


A. Sphenoid Distracter 
B. Zygomatic KEY 
C. Palatine Distracter 
D. Lacrimal Distracter 
3. What is the main lower eyelid retractor? 
A. Whitnall ligament Distracter 
B. Capsulopalpebral fascia KEY 
C. Inferior oblique muscle Distracter 
D. Orbicularis oculi Distracter 
4. A 3-year-old child presents with hypoglobus and a 


lesion on exam in the superior orbital rim. An FNA in 
clinic reveals dendritic histiocytes consistent with LCH. 
What is the next step in management? 


A. Surgery with conservative removal _—_ Distracter 
B. Surgery with radical removal Distracter 
C. Bone survey KEY 

D. Radiation therapy Distracter 


5. Eight hours after an uneventful lateral orbitotomy 
for biopsy of an orbital tumor, your patient notes 
progressive unrelenting pain and chemosis. What must 
be considered as a cause for this pain? 


A. Retrobulbar hematoma KEY 


B. Intraoperative traction on the Distracter 
inferior orbital nerve 

C. Transection of the superior Distracter 
orbital nerve 

D. Infection at the site of Distracter 


mini-plate repair 
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Cranial Base Surgery 


Carlos D. Pinheiro-Neto 


The cranial base is a complex anatomical region encom- 
passing important neurovascular structures. The diversity 
and complexity of pathologies arising in the cranial base 
often require multidisciplinary evaluation and manage- 
ment. The collaboration between surgeons of different 
specialties (otolaryngology/head and neck, neurosurgery, 
ophthalmology, plastic and reconstructive surgery) is para- 
mount to achieve an appropriate surgical plan. Frequently, 
the preoperative evaluation should include consultation 
with neuroradiology, radiation oncology, and medical 
oncology. Contributions from skilled and experienced 
anesthesiologists, pathologists, critical care physicians, 
dentists, nurses, speech pathologists, physical therapists, 
and other professionals are required during the intraop- 
erative and postoperative period in order to establish good 
outcomes. The most effective scenario for the treatment of 
skull base pathologies occurs when members of these dif- 
ferent fields are all integrated to form a skull base team. 
The aim of this chapter is to provide an overview of the 
fundamentals of cranial base surgery. The evolution of the 
field in past decades is outlined. An anatomical review 
with clinical correlations and the evaluation and manage- 
ment of patients with skull base pathology are discussed. 
The surgical approaches for different regions of the cranial 
base with a discussion of complications are presented. 


As a unique anatomical region and interface between sur- 
gical specialties, surgeries addressed to the cranial base 
began as sporadic procedures performed by otolaryn- 
gologists/head and neck surgeons, plastic/reconstructive 
surgeons, and neurosurgeons working separately. In the 
first decade of the 20th century, two pioneering neurosur- 
geons (Schloffer and Cushing) and an otorhinolaryngolo- 
gist (Oskar Hirsh) were the first to reach the cranial base 
through the facial structures. They performed a transnasal 
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approach to the pituitary fossa (1,2). Sixty years later, in 
1967, Hardy first used the operating microscope in trans- 
sphenoidal pituitary surgery. 

In 1941, Dandy (3) resected an orbital tumor using 
an approach through the anterior cranial fossa and eth- 
moid sinus. This is considered the beginning of modern 
craniofacial surgery (1). During the subsequent years, iso- 
lated reports were published regarding resection of cranial 
base lesions using intracranial and transfacial approaches. 
Pioneering efforts by Tessier (4) for craniofacial anomalies 
(e.g., orbital hypertelorism) also provided a foundation for 
cranial base surgery. In 1963, Ketcham et al. (5) were the 
first to report a series of 19 patients with sinonasal malig- 
nancies treated with anterior craniofacial resection. 

In the field of lateral skull base surgery, House (6) 
advanced the subspecialty of neuro-otology by performing 
an acoustic neuroma resection via a middle fossa approach 
in 1961. House partnered with the neurosurgeon Doyle to 
form one of the first skull base teams. In the 1970s, Fisch 
described the resection of glomus jugulare tumors utilizing 
an approach through the infratemporal fossa. 

The following years were characterized by the coopera- 
tion between otolaryngologists/head and neck surgeons 
and neurosurgeons for the development of cranial base sur- 
gery as a well-established subspecialty. A subspecialty soci- 
ety, the North American Skull Base Society, was established 
in 1989. In combination with this cooperation, advances 
in surgical technology especially in operative visualiza- 
tion, neuroimaging, powered instrumentation, anesthetic 
techniques, and intraoperative monitoring resulted in the 
incredible progress of cranial base surgery observed in the 
last few decades. 

The introduction of endoscopes during microscopic 
transsphenoidal surgeries as a tool to improve visualiza- 
tion occurred in the late 1970s and early 1980s. In the 
1990s, different groups around the world reported the 
use of the pure endoscopic transsphenoidal technique 
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for pituitary surgery (7). Over the next decade, centers of 
excellence emerged worldwide and endoscopic endonasal 
techniques were further developed and applied to a wide 
variety of ventral skull base pathologies (8-11). 

Currently, cranial base surgery encompasses a wide vari- 
ety of surgical approaches and includes both external and 
endonasal approaches. The indications for surgery have 
expanded to include both benign and malignant disease 
and are applied to adult as well as pediatric populations. 


ANATOMY 


The skull base may be directly affected by a pathologic pro- 
cess or can be used as a pathway to approach lesions (12). 
Tumors and other lesions may arise intracranially or extra- 
cranially and can involve any of the intracranial fossae, 
nasal cavity, paranasal sinuses, orbits, pterygopalatine and 
infratemporal fossae, pharynx and parapharyngeal space, 
and craniocervical regions. Profound anatomical knowl- 
edge is the foundation for cranial base surgery and exten- 
sive dissection work in the laboratory is crucial to achieve 
adequate anatomical proficiency and three-dimensional 
mastery of the relations between the structures. The mod- 
ern skull base surgeon must master both intracranial, 
extracranial, and endonasal surgical anatomy. 

The cranial base is divided into three regions (anterior, 
middle, and posterior) with different anatomical relation- 
ships and distinct surgical approaches. There is an extensive 
connection between the intracranial and the extracranial sur- 
faces of the cranial base through a number of foramina and 


TABLE 


Structures Transmitted 


Foramen 


Cribriform plate 
Foramen cecum 

Optic canal 

Superior orbital fissure 
Inferior orbital fissure 


Olfactory nerve (CN 1) 
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canals (Table 131.1). Important neurovascular structures 
travel along those pathways and are a route for intracranial 
and extracranial spread of tumors. 


Anterior Cranial Base 


The intracranial surface of the anterior cranial base is 
formed by three different bones: frontal, ethmoid, and 
sphenoid (12). The frontal bones compose the majority 
of the anterior cranial base contributing to its lateral part. 
The orbital process of the frontal bone articulates posteri- 
orly with the lesser wing of the sphenoid bone. Those two 
bones constitute the roof of the orbit and the optic canal, 
which transmits the optic nerve and the ophthalmic artery. 
Posterolaterally, the optic canals are bounded by the ante- 
rior clinoid processes, which are connected to the sphenoid 
sinus by the optic struts running under the optic nerves. 
The frontal sinus is located anteriorly between the exter- 
nal and the internal walls of the frontal bone. The internal 
cortical surface (posterior table of the frontal sinus) cor- 
responds to the anterior limit of the anterior cranial base. 
The anterior cranial base faces the frontal lobes with the 
gyri recti medially and the orbital gyri laterally. In the mid- 
line, the superior sagittal sinus continues to the floor of the 
anterior cranial base where it connects with a small emis- 
sary vein at the foramen cecum. The fronto-orbital artery 
is a branch of the anterior cerebral artery that travels along 
the inferior and medial surface of the frontal lobe. Because 
of its proximity with the anterior cranial base, procedures 
in this region present an increased risk of injury of the 


Occasional small vein; origin of sagittal sinus 

Optic nerve (CN Il); ophthalmic artery 

Cranial nerves Ill, IV, ophthalmic division of trigeminal nerve (CN V1); superior ophthalmic vein 
Maxillary division of trigeminal nerve (CN V2); zygomatic branch of trigeminal nerve; filaments from 


pterygopalatine branch of the maxillary nerve; infraorbital vessels; anastomosis between inferior 
ophthalmic vein and pterygoid venous plexus 


Foramen rotundum 
Foramen ovale 
Foramen spinosum 
Sulcus tubae auditivae 
Foramen lacerum 


Middle meningeal artery 


by the ICA 
Carotid canal Internal carotid artery 
Stylomastoid foramen 
Jugular foramen 
Internal acoustic meatus 
Hypoglossal canal 


Foramen magnum 


Hypoglossal nerve (CN XIl) 


Maxillary division of trigeminal nerve (CN V2) 
Mandibular division of trigeminal nerve (CN V3) 


Lodges cartilaginous part of auditory (eustachian) tube 


Closed inferiorly by a fibrocartilaginous plate that contains the auditory tube; upper part traversed 


Facial nerve (CN VII); stylomastoid artery 
Beginning of the internal jugular vein; cranial nerves IX, X, Xl 
Facial nerve (CN VII); vestibuloacoustic nerve (CN VIII) 


Spinal cord (medulla oblongata); spinal accessory nerves (CN XI); vertebral arteries; anterior and 


posterior spinal arteries; occipitoaxial ligament 


CN, cranial nerve. 


fronto-orbital branch. The olfactory bulbs are situated over 
the cribriform plates, and the olfactory tracts course pos- 
terolaterally over the surface of the brain as they cross over 
the optic nerves. 

The midline of the anterior cranial base is related to 
the nasal cavity, ethmoid cells, and sphenoid sinus. The 
ethmoid bone forms the anterior two-thirds of the mid- 
line anterior cranial base. The regions of the ethmoid 
bone related to the intracranial surface from medial to 
lateral are the crista galli, cribriform plate, and fovea eth- 
moidalis. The crista galli separates the anterior half of the 
cribriform plates in the midline and is attached to the 
falx cerebri. Anterior to the crista galli, the foramen cecum 
transmits an emissary vein responsible for the venous 
drainage from the nasal cavity to the superior sagittal 
sinus. Besides the potential risk of intracranial dissemina- 
tion of nasal infections, congenital lesions such as nasal 
dermoids, gliomas, and meningoceles can communicate 
intracranially through the foramen (13). The thin lat- 
eral lamella of the cribriform plate continues laterally 
as the fovea ethmoidalis or roof of the ethmoid sinus. The 
depth of the lateral lamella is an important risk factor for 
iatrogenic cerebrospinal fluid (CSF) leak during transeth- 
moidal procedures. The olfactory filaments pass through 
the cribriform plate from the nasal cavity to the intra- 
cranial olfactory bulbs and are a route for intracranial 
spread of sinonasal malignancy. The posterior third of 
the midline anterior cranial base is formed by the planum 
sphenoidale, which corresponds to the roof of the sphe- 
noid sinus. 

At the junction of the ethmoid sinus and orbit, the ante- 
rior and posterior ethmoidal foramina along the fronto- 
ethmoidal suture line transmit the anterior and posterior 
ethmoidal arteries, respectively. The anterior ethmoid artery 
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is located between the second and third ethmoid septations 
in a coronal plane that is tangential to the posterior surface 
of the globe. The posterior ethmoid artery is roughly at the 
junction of the fovea ethmoidalis and planum sphenoidale. 
These arteries diverge as they cross the roof of the ethmoid 
and often need to be identified and ligated/coagulated dur- 
ing procedures in the anterior cranial base. 


Sphenoid Sinus 

The surface anatomy of the sphenoid sinus is important 
for endonasal approaches to the pituitary and surrounding 
areas (Fig. 131.1). The degree of sphenoid pneumatization 
and patterns of septations vary greatly. When there are mul- 
tiple septations, lateral septations always deviate toward 
the internal carotid artery (ICA) and care must be exercised 
when removing the septations. The sella is bounded by the 
clival recess inferiorly, cavernous sinus and ICA laterally, 
and optic canal superolaterally. The clival recess is bounded 
by the paraclival ICA and petrous apex laterally. The sixth 
cranial nerve courses superolaterally behind the paraclival 
ICA and is at risk of injury when drilling posterior to the 
paraclival ICA just below the sellar floor. 


Middle Cranial Base 


The intracranial surface of the middle cranial base is 
formed by the sphenoid and temporal bones. The limit 
between the anterior and the middle cranial bases is the 
sphenoid ridge joined medially by the chiasmatic sulcus. 
The limit between the middle and the posterior cranial 
bases is the petrous ridge joined medially by the dorsum 
sellae and the posterior clinoid process (12). 

The intracranial surface of the middle cranial base can 
be divided in two regions: medial and lateral. The medial 
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Figure 131.1 Endoscopic view with a 0-degree endoscope during a dissection. A: Surface 
anatomy of the sphenoid sinus after removal of the anterior wall. B: Surrounding structures after 


bony removal. 
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part of the middle cranial base is composed by the body of 
the sphenoid bone. The greater wing of the sphenoid bone 
and the temporal bone (squamosal and petrosal segments) 
form the lateral portion of the middle cranial base, con- 
taining the middle cranial fossa. 

The temporal bone has a pyramidal shape, the sides 
of which form the middle fossa floor (superior face), the 
anterior limit of the posterior fossa (posterior face), muscle 
attachments of neck and infratemporal fossa (anteroinfe- 
rior face), and the muscular-cutaneous-covered side of the 
head (lateral), which forms the base of the pyramid. The 
temporal bone consists of four embryologically distinct 
components: the squamous, mastoid, petrous, and tym- 
panic part. 

The greater and lesser petrosal nerves course across the 
upper surface of the petrous bone. The carotid canal extends 
upward and medially and provides passage to the ICA. 
Medially, Meckel’s cave forms an impression on the upper 
surface of the petrous bone. The roof of the carotid canal 
opens below the trigeminal ganglion near the distal end of 
the carotid canal. The arcuate eminence approximates the 
position of the superior semicircular canal. A thin lamina 
of bone, the tegmen tympani, covers the middle ear and 
ossicles on the anterolateral side of the arcuate eminence. 
The internal auditory canal can be identified below the 
floor of the middle fossa by drilling along a line approxi- 
mately 60 degrees medial to the arcuate eminence, near the 
middle portion of the angle between the greater petrosal 
nerve and arcuate eminence (12). 

The area below the middle cranial fossa includes the 
infratemporal fossa, parapharyngeal space, infrapetrosal 
space, and pterygopalatine fossa. The boundaries of the 
infratemporal fossa are the medial pterygoid muscle and 
the pterygoid process medially, the mandible laterally, the 
posterior wall of the maxillary sinus anteriorly, the greater 
wing of the sphenoid superiorly, and the medial ptery- 
goid muscle joining the mandible and the pterygoid fas- 
cia posteriorly. The fossa opens into the neck below. The 
infratemporal fossa contains the branches of mandibular 
nerve, the maxillary artery, and the pterygoid muscles and 
venous plexus. The mandibular nerve exits the cranial base 
through the foramen ovale. The pterygoid venous plexus 
connects through the middle fossa foramina and inferior 
orbital fissure with the cavernous sinus and empties into 
the retromandibular and facial veins (12). From a lateral 
infratemporal approach, a plane is formed by the lateral 
pterygoid plate, foramen ovale (third division of the tri- 
geminal nerve), foramen spinosum (middle meningeal 
artery), and the spine of the sphenoid. On a deeper level, 
the eustachian tube overlays the petrous carotid canal. 
These are useful landmarks for locating the petrous ICA. 

The pterygopalatine fossa is located between the max- 
illary sinus in the front, the pterygoid process behind, the 
palatine bone medially, and the body of the sphenoid bone 
above. The fossa opens laterally through the pterygomax- 
illary fissure into the infratemporal fossa and medially 


through the sphenopalatine foramen to the nasal cavity. 
Both the foramen rotundum for the maxillary nerve and the 
pterygoid canal for the vidian nerve open through the pos- 
terior wall of the fossa. The fossa contains branches of the 
maxillary nerve, vidian nerve, the pterygopalatine ganglion, 
and the pterygopalatine segment of the maxillary artery. 

The parapharyngeal space is predominantly a fat-filled 
space, but also contains the eustachian tube, pharyngeal 
branches of the ascending pharyngeal and facial arteries, 
and branches from the glossopharyngeal nerve. 

Endonasally, the medial aspect of the middle fossa 
(Meckel’s cave) is anterior to the paraclival ICA and supe- 
rior to the petrous segment of the ICA. The second division 
of the trigeminal nerve (foramen rotundum) and the vidian 
nerve (pterygoid canal) are helpful landmarks. Meckel’s cave 
is bounded by the lateral cavernous sinus superiorly con- 
taining the third, fourth, ophthalmic branch of fifth, and 
sixth cranial nerves. Foramen ovale is just posterior to the 
pterygoid base. 


Posterior Cranial Fossa and 
Craniocervical Junction 


The posterior cranial fossa may be approached posterior, 
inferior, and medial to the temporal bone. The sigmoid 
sinus defines the posterior margin of the petrous tempo- 
ral bone. The infrapetrosal space contains the jugular bulb 
and lower end of the inferior petrosal sinus; the branches 
of the ascending pharyngeal artery; the glossopharyngeal, 
vagus, and accessory nerves; and the opening of the carotid 
canal through which the carotid artery passes. Below the 
torcula and transverse sinuses, the occipital bone protects 
the posterior fossa and cerebellum down to the foramen 
magnum. From an endonasal view, another portion of the 
occipital bone, the clivus, protects the brainstem and can 
be divided into three segments: superior (posterior clinoid 
to floor of sella), middle (floor of sella to floor of sphenoid 
sinus), and inferior (floor of sphenoid sinus to foramen 
magnum). Intracranially, the superior clivus is associated 
with the third cranial nerve, the middle clivus is associ- 
ated with the sixth cranial nerve, and the inferior clivus is 
associated with the lower cranial nerves. Inferolaterally, the 
hypoglossal foramen is bounded superiorly by the jugular 
tubercle and the occipital condyle inferiorly. Finally, the 
occipital condyle is a “ball and socket” joint that articulates 
with the atlas of the cervical spine. 


Scalp 

It is important to understand the layers of the scalp in order 
to preserve function and plan reconstruction with pedicled 
scalp flaps. The scalp has five layers designated by the 
acronym SCALP: Skin, subcutaneous tissues, Aponeurosis 
(galea), Loose areolar layer, and Periosteum. Together, the 
loose areolar layer and periosteum comprise the pericranial 
flap whereas the galeopericranial flap includes the galeal 
layer. The pericranial flap is supplied by the supratrochlear 


and supraorbital vessels, which exit from foramina or 
notch along the superior orbital rim. Laterally, the galea is 
continuous with the superficial temporal fascia. A tempo- 
roparietal flap, derived from this fascia, receives its blood 
supply from the superficial temporal artery. The temporalis 
muscle, another important reconstructive flap, is covered 
by the deep temporal fascia. The deep temporal arteries, 
terminal branches of the internal maxillary artery, supply 
the muscle on its deep surface. 


Vascular 

In many respects, surgical approaches to the skull base are 
determined by the vascular anatomy. The ICA has five seg- 
ments: parapharyngeal, petrous, paraclival, cavernous, and 
supraclinoid. The ophthalmic artery branches off of the 
ICA just after it exits the cavernous sinus and dural rings 
and runs inferolateral to the optic nerve inside the optic 
canal. The vertebral arteries usually enter the posterior 
fossa through the dura between the lateral lamina of C1 
(after exiting the transverse foramen) and lateral foramen 
magnum. The circle of Willis comprises the ICAs, anterior 
cerebral arteries, anterior communicating artery, poste- 
rior cerebral arteries, and posterior communicating artery. 
A patent circle of Willis is predictive of collateral cerebral 
blood flow (CBF), but anatomical variations are common. 


CLINICAL DIFFERENTIAL DIAGNOSIS 


Cranial base surgery is characterized by a great diversity of 
pathology and includes benign and malignant neoplasms, 
traumatic injuries, congenital lesions, inflammatory and 
infectious disease, and vascular pathology (Table 131.2). 
The differential diagnosis varies according to age group, 
with a preponderance of congenital lesions and benign 
pituitary pathology in the pediatric population. The differ- 
ential diagnosis will also depend on the anatomic subsite 


TABLE 


Anterior Cranial Base/Nasal Cavity/ 
Maxillary Sinus/Orbit 


Meningoencephalocele 
Nasal dermoid 

Glioma 

Mucocele 

Juvenile angiofibroma 
Inverted papilloma 
Meningioma 

Fibrous dysplasia 
Fibro-osseous tumors 
Squamous cell carcinoma 
Esthesioneuroblastoma 
Adenocarcinoma 


Meningioma 


Meningoencephalocele 


Pituitary adenoma 

Craniopharyngioma 

Cholesterol granuloma 

Trigeminal schwannoma 

Meckel’s cave adenoid cystic carcinoma 
Nasopharyngeal carcinoma 


Chapter 131: Cranial Base Surgery 2085 


and can often be predicted bases on presentation, location, 
and radiologic appearance. 

Tumors arising in the cranial base can cause an enormous 
variety of symptoms. Profound knowledge of skull base 
anatomy and cranial nerve physiology is imperative for a 
correct clinical topographic diagnosis. An adequate clinical 
examination can indicate the location and estimate exten- 
sion of the tumor. However, skull base tumors can present 
with nonspecific symptoms such as headache, weight loss, 
vomiting, weakness, and loss of appetite. Anterior cranial 
base tumors can present with pituitary dysfunction, hypos- 
mia/anosmia, proptosis, epiphora, nasal obstruction, epi- 
staxis, facial deformities, personality change, diplopia, 
visual loss, facial numbness, or sinusitis. Middle cranial 
base lesions can cause trigeminal neuralgia or numbness, 
facial palsy, ptosis, diplopia, trismus, or eustachian tube 
dysfunction. When the tumor involves the temporal bone, 
hearing loss, tinnitus, and dizziness can occur. Symptoms 
associated with tumors from the posterior cranial base 
include tinnitus, hearing loss, balance problems, swallow- 
ing difficulties, hoarseness, speech problems, dysarthria, 
and shoulder weakness. 

Physical examination should include a complete assess- 
ment of cranial nerve function. Nasal endoscopy should 
be performed on all patients with nasal/sinus or orbital 
symptoms but may provide valuable information for 
lesions in any region of the skull base. In patients with 
decreased olfactory function, olfaction can be objectively 
measured with a scratch-and-sniff test (Sensonics UPSIT 
test). Visual symptoms should be evaluated further by 
an ophthalmologist and may include visual field test- 
ing in addition to a routine funduscopic examination. 
Symptoms of hearing loss or vestibular dysfunction can 
be evaluated further with audiometric testing and vestibu- 
lar tests if necessary. Lower cranial nerve dysfunction may 
require assessment of swallowing function and aspiration 
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Middle Cranial Base/Sphenoid/Sella/ 
Infratemporal Fossa 


Posterior Cranial Base 


Meningioma 
Chordoma 

Vestibular schwannoma 
Epidermoid cyst 
Glomus jugulare 
Osteomyelitis 
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TABLE 


131.3 


BALLOON OCCLUSION TEST OF INTERNAL CAROTID ARTERY 


Risk of Early Risk of Delayed 
Cerebral Blood Flow Test Stroke Stroke Management Options 
Clinical neurologic deficit High — ECA-ICA, high flow bypass; preservation 
of ICA; nonoperative therapy; subtotal 
resection 
Reduction of CBF (15-35 mL/110 g/min) Low Moderate STA-MCA or high flow bypass; preservation 
of ICA; nonoperative therapy; subtotal 
resection 
No reduction of CBF (>35 mL/100 g/min) Low Low No reconstruction (malignant tumors); consider 


STA-MCA or high flow bypass to prevent 
long term flow related aneurysms (benign 
tumors) 


CBF, cerebral blood flow; ECA-ICA, external carotid artery-internal carotid artery; STA-MCA, superficial temporal artery-middle cerebral artery. 


risk with a functional endoscopic exam of swallowing 
exam or radiographic study (barium esophagram). If CSF 
rhinorrhea is suspected, provocative maneuvers can be 
performed (Valsalva maneuver). Testing of collected fluid 
for beta-2-transferrin or beta-trace protein will confirm 
the presence of CSE 


IMAGING IN CRANIAL BASE SURGERY 


Computed tomography (CT) and magnetic resonance 
imaging (MRI) provide complementary information 
for the diagnosis, preoperative planning, intraoperative 
period, and postoperative surveillance in cranial base 
surgery. CT scan provides significant information regard- 
ing the bony structures. Usually the presence of bony 
erosion, defects, remodeling, or calcification is well rec- 
ognized with the CT scan. CT angiography is particularly 
important for the evaluation of the vasculature within 
and surrounding the tumor. MRI shows better soft tis- 
sue detail and is superior for delineating intracranial 
or intraorbital invasion. Fluid collections (meningo- 
cele, obstructed sinus) appear bright on T2-weighted 
sequences, although chronic sinus obstruction with 
high-protein content may be dark on both T1 and T2. 
Fat appears bright on T1 and dark on T2 images, which 
explains the MRI appearance of lesions with high-lipid 
content such as cholesterol granulomas. Chondromatous 
neoplasms (clival chordomas, chondrosarcomas) char- 
acteristically enhance on T1-weighted MRI with contrast 
and exhibit a high signal with multiple septations on 
T2-weighted sequences. Special sequences such as diffu- 
sion-weighted imaging are helpful in confirming an epi- 
dermoid tumor or abscess. 

The vascularity of tumors is demonstrated by tumor 
enhancement on contrasted CT or MRI and flow voids on 
MRI. For example, juvenile nasopharyngeal angiofibroma 
classically enlarges the pterygopalatine fossa and presents 


with intense contrast enhancement in both MRI and CT 
scan. Angiography is used to confirm the diagnosis for 
highly vascular tumors (angiofibroma, paraganglioma) 
and for preoperative embolization of feeding vessels. 

Preoperative imaging (CT angio and MRI) also pro- 
vides information regarding intracranial circulation and 
collateral CBF (patency of circle of Willis). If sacrifice of 
the ICA or another major vessel is anticipated or planned, 
preoperative balloon test occlusion with neuromonitor- 
ing is performed. Xenon-perfusion CT scan provides an 
objective measure of CBE. Patients can be grouped into 
three prognostic groups based on the results of test- 
ing and this has implications for clinical management 
(Table 131.3). 

Positron emission tomography shows cellular activity 
in the body, primarily through detection of labeled glu- 
cose taken up by the tissues under examination. Although 
this technique eventually may be useful for identification 
of primary tumors, it is most appropriate for detection of 
metastasis and local recurrence of high-grade malignan- 
cies. This can be valuable for preoperative staging to define 
goals of surgical treatment. 


OPERATIVE MANAGEMENT 


The choice of the optimal surgical approach is contin- 
gent upon multiple factors including the diagnosis, surgi- 
cal access, reconstructive options, patient comorbidities, 
experience of the surgical team, potential complications, 
and available resources. The optimal approach is one that 
provides good access and visualization and minimizes 
potential morbidity. An approach should be chosen that 
minimizes manipulation of neural and vascular structures, 
especially retraction of the brain. 

Cranial base surgery is team surgery and requires close 
coordination of the team members. Both CT and MRI 
are used for intraoperative navigation, which provides 


accurate anatomical localization during the surgery. Scans 
are performed using a skull base protocol (thin, overlap- 
ping slices) that are appropriate for intraoperative navi- 
gation. Navigation is used to identify important neural 
and vascular structures (and avoid injury), determine 
tumor margins, and assess the extent of the resection. 
Intraoperative imaging is sometimes performed (intraop- 
erative CT or MRI) to assess the extent of tumor resection, 
detect complications (hemorrhage), or to update the navi- 
gation scan if there is shift of the residual tumor. 

Neurophysiologic monitoring of cortical function 
(somatosensory-evoked potentials) provides a_ global 
assessment of cerebral perfusion and can be adversely 
affected by hypotension or a subdural collection. Brainstem 
evoked response is used to monitor hearing during tempo- 
ral bone surgery and brainstem function during surgeries 
of the posterior fossa. Electromyography is used to moni- 
tor motor function of cranial nerves. 


APPROACHES TO THE ANTERIOR 
CRANIAL BASE 


Surgical approaches to the cranial base can be classified 
based on the anatomical region (Table 131.4). External 
approaches can be classified by cranial fossa whereas endo- 
nasal approaches are classified into surgical modules in the 
sagittal and coronal planes. With open approaches, cranio- 
facial osteotomies provide access to the cranial base and 
help minimize brain retraction. The classical skull base 
operation pioneered by Ketcham and others is the cranio- 
facial resection and deserves special consideration as the 
gold standard for sinonasal malignancy. 


Anterior Cranial Base: Craniofacial Resection 


For many years, the craniofacial approach has been the 
standard surgical option for the treatment of anterior cra- 
nial base pathology and generally consists of a transcra- 
nial approach in combination with a transfacial approach. 
A bicoronal incision is made over the vertex of the scalp 
from ear to ear. The incision may be extended inferiorly 
in a preauricular skin crease to increase the exposure. The 
posterior scalp flap can be elevated in a subgaleal plane 


TABLE 


131.4 


Anterior Cranial Base 


Craniofacial resection 

approach 

Endoscopic endonasal 

resection of anterior 
cranial base 


Middle Cranial Base 


Lateral infratemporal skull base 


Endoscopic endonasal 
suprapetrous approach 
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to expose extra pericranium if needed for reconstruction. 
Otherwise, the scalp is elevated from the underlying cra- 
nium with separation of the periosteum from the deep 
temporal fascia of the temporalis muscle at its margin. 
Laterally, the superficial layer of the deep temporal fascia 
is incised several centimeters above the zygomatic arch and 
the interfascial fat pad is elevated with the scalp to avoid 
injury to the temporal branches of the facial nerve. 

At the level of the superior orbital rims, the supratroch- 
lear and supraorbital neurovascular bundles are carefully 
dissected free from their respective foramina to preserve 
the blood supply of a pericranial flap; small osteotomies 
may be necessary if the foramina is complete. Periosteum is 
elevated from the orbital roofs, glabella, and nasal bones, 
and the scalp is retracted inferiorly. 

A bifrontal craniotomy is performed encompassing 
the anterior and posterior tables of the frontal sinus. The 
inferior osteotomy is placed just above the prominence of 
the brow. In order to minimize brain retraction, a subfron- 
tal approach with removal of the supraorbital bar is per- 
formed. After the frontal dura is elevated from the orbital 
roofs, a reciprocating saw is used to transect the orbital rims 
at the lateral margin of the craniotomy. The orbital contents 
are protected while the orbital roof is transected with 
a drill and the bone is drilled anterior to the crista galli. 
A final transverse bone cut at the level of the nasion tran- 
sects the nasofrontal ducts and frees the bone segment. 

The dura is separated from the crista galli and incised 
anterior to the cribriform plate and laterally along the 
medial margin of the orbit. The olfactory bulbs and tracts 
are dissected free from the frontal lobes, and the olfactory 
tracts and dura are incised posteriorly over the planum. 
The bone margins are then drilled to communicate with 
the sinuses, staying anterior to the optic canals. 

Frequently the craniofacial resection combines trans- 
facial approaches with the bifrontal craniotomy. The aim 
of the transfacial approaches is to provide adequate field 
for the dissection and resection of the lesion from the 
nasal cavity, paranasal sinuses, and orbit. Options include 
a lateral rhinotomy, midfacial degloving approach, or 
endoscopic endonasal approach. The lateral rhinotomy is 
characterized by a skin incision starting at the midpoint 
between the nasal dorsum and the medial canthus. The 


CRANIAL BASE APPROACHES 


Posterior Cranial Base 
Retrosigmoid craniotomy 
Endonasal transclival and 


transodontoid approach 
Endonasal infrapetrous approach 
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incision respects facial subunits and extends along the 
lateral surface of the nose to the nasal ala and then curves 
around the nostril to the nasal sill (14,15). The incision 
communicates with the nasal cavity along the pyriform 
aperture. Additional exposure can be obtained by extend- 
ing the incision with a subciliary or transconjunctival inci- 
sion superiorly (Weber-Ferguson incision) or by incising 
the upper lip along the lateral philtrum. After exposure of 
the facial skeleton through these incisions, osteotomies are 
performed according to the location and size of the tumor. 

The midfacial degloving approach avoids a facial inci- 
sion and provides better bilateral exposure. A mucosal inci- 
sion is made in the gingivolabial sulcus and periosteum is 
elevated from the anterior maxilla. The incision communi- 
cates with the nasal cavity along the pyriform aperture and 
the nasal soft tissues are elevated from the anterior edge 
of the nasal septum following a full transfixion incision. 
Bilateral transmaxillary antrostomies and medial maxillec- 
tomies provide additional exposure. The midfacial deglov- 
ing approach may be supplemented with endoscopy to 
provide better visualization. 

After the appropriate transfacial or endoscopic 
approach, the tumor is removed en bloc, if possible, by dis- 
secting around the periphery of the neoplasm with open- 
ing of the sinuses and transection of the nasal septum. The 
cranial base specimen is then mobilized through the bone 
cuts in the cranial base and delivered transcranially. 

Reconstruction of the resultant defect is necessary to 
provide separation of the cranial and nasal cavities and pre- 
vent CSF leak, meningitis, and pneumocephalus. The dural 
defect is repaired primarily. Suitable materials include syn- 
thetic dural substitutes, fascia lata, temporalis fascia, peri- 
cranial graft, or cadaveric pericardium. An inferiorly based 
pericranial flap is reflected posteriorly to cover the entire 
defect in the anterior cranial base. Rigid reconstruction 
using a bone graft or alloplastic material is not necessary. It 
is important to place the flap inferior to the replaced supra- 
orbital bar, leaving a small gap to prevent compression of 
the vascular pedicle. 


Endoscopic Endonasal Resection of Anterior 
Cranial Base 


Endoscopic endonasal techniques can be used for resec- 
tion of sinonasal malignancies. The intranasal portion of 
the tumor is first debulked to provide visualization of the 
margins and assess the extent of the tumor. Uninvolved 
sinuses are opened to allow visualization of the medial 
orbits, nasofrontal recesses, and sphenoid sinus. Bony 
landmarks (optic canals, carotid canals) are identified, and 
the margins of resection are defined. In most cases, this 
includes the posterior wall of the frontal sinus, the medial 
walls of the orbit, the roof of the sphenoid sinus, and the 
nasal septum. The nasal septum is transected inferior to 
the area of tumor involvement from the frontal sinus to 
the rostrum of the sphenoid bone. Margins from the nasal 


septum mucosa are sent for frozen section analysis. If the 
septal mucosa is not involved by the tumor, a septal flap 
can be harvested for later reconstruction. 

A septal flap is pedicled on the posterior septal branches 
of the sphenopalatine artery. The inferior incision is ini- 
tiated at the superior margin of the posterior choana 
and extends along the posterior margin of the vomer to 
the nasal floor. The inferior incision continues anteriorly 
along the junction between the septum and nasal floor 
to the nasal vestibule. If additional width is needed, the 
nasal floor mucosa (including the inferior meatus) can be 
incorporated into the flap. The superior incision starts at 
the sphenoid ostium and connects to the superior tran- 
section margin of the septum. Anteriorly, a vertical cut is 
made at the mucocutaneous junction to join the superior 
and inferior incisions. The nasoseptal flap is elevated from 
the septum in a subperichondrial and subperiosteal plane 
to the anterior face of the sphenoid sinus, and the vascular 
pedicle is preserved (16,17). 

After harvesting of the septal flap, bilateral frontal sinus- 
otomies are performed with removal of the floor bilater- 
ally (Draf UI procedure). The bone of the medial orbit is 
removed on the side of greatest tumor involvement. The 
tumor is devascularized by sacrifice of the anterior and 
posterior ethmoid arteries bilaterally. The arteries are iden- 
tified at the junction of the orbit and skull base and cauter- 
ized with bipolar electrocautery or ligated with hemoclips. 

The bone of the anterior cranial base is then removed 
to fully expose the dura and the area of dural invasion. 
Thinning of the bone with a drill is followed by fracturing 
and elevation of the thinned bone. Bone removal extends 
from the crista galli to the planum sphenoidale and to the 
medial orbits bilaterally. The dura is then cauterized and 
incised lateral to the tumor. Cortical blood vessels are 
identified and carefully freed from the dura. The falx is cau- 
terized and transected anteriorly to allow mobilization of 
the dural specimen. The olfactory bulbs are dissected from 
the surface of the brain and remain attached to the dural 
specimen. If there is a focal area of brain invasion, the sur- 
rounding cortical tissue is removed by suction dissection to 
achieve clear margins. The olfactory nerves are then tran- 
sected posteriorly and the final posterior dural incision is 
made to free the specimen. Additional dural margins may 
be excised for frozen section analysis (18). 

After complete resection of the anterior cranial base, an 
inlay fascial graft is placed and the septal flap is positioned 
to cover the defect. If a septal flap is not available because 
of tumor involvement or insufficient dimension, an extra- 
cranial pericranial flap is used. A bicoronal scalp incision 
is made and the scalp is elevated to the level of the nasal 
bones. The bone at the level of the nasion is removed with 
a drill to create a window large enough to transmit the 
pericranial flap (~1 x 2 cm). The flap is then transposed 
through the defect inferior to the frontal sinusotomy and 
positioned over the dural defect, maintaining a drainage 
pathway for the frontal sinuses on one side (Fig. 131.2). 
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Bicoronal incision and pericranial flap transposition to the nasal cavity for 
reconstruction after endoscopic endonasal anterior cranial base resection. A: Preoperative prepara- 
tion. B: Pericranial flap. C: Drilling the nasion. D: Nasion after osteotomy is completed. The peri- 
cranial flap is pedicled on the left supraorbital and supratrochlear arteries. E: Transposition of the 
pericranial flap to the nasal cavity. F: Endoscopic view with a 0-degree endoscope of the anterior 
cranial base defect. (Continued) 
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Figure 131.2 (Continued) G: Endoscopic view with a 0-degree endoscope of the anterior cranial 
base defect covered with the pericranial flap. H: Late postoperative period with normal appearance 


and intact sensory and motor function. 


APPROACHES TO THE MIDDLE 
CRANIAL BASE 


Open Approach: Lateral Infratemporal 
Skull Base Approach 


The middle cranial fossa is typically accessed using a lat- 
eral transcranial approach. A bicoronal scalp incision is 
extended laterally in a preauricular skin crease to the inferior 
margin of the tragus. If transcervical exposure is required, it 
may be continued into the neck (parotidectomy incision). 
The scalp is elevated superficial to the deep temporal fas- 
cia to the level of the zygomatic arch, and the temporal 
branches of the facial nerve are preserved as described pre- 
viously. The masseter muscle is detached from the inferior 
margin of the zygomatic arch and periosteum is dissected 
circumferentially. If a limited exposure of the infratemporal 
skull base is needed, the zygomatic arch is transected with 
a reciprocating saw anteriorly at its junction with the lateral 
orbit and posteriorly at the root of the zygoma. 

If additional exposure is needed, an anterolateral skull 
base approach with orbitozygomatic osteotomies is uti- 
lized. The temporalis muscle is elevated and retracted 
inferiorly, and a frontotemporal craniotomy is performed. 
This provides access to the orbital roof. With retraction of 
orbital contents, an osteotomy of the superior orbital rim 
and roof is followed by an osteotomy from the inferior 
orbital fissure across the lateral orbital wall and zygoma. 
The capsule of the temporomandibular joint is dissected 
free, and osteotomies of the glenoid fossa detach the poste- 
rior end of the bone segment (Fig. 131.3). 

A subtemporal craniectomy is performed and bone 
is removed to foramen ovale and foramen spinosum. 
Exposure of the petrous carotid artery requires division of 
the mandibular nerve and middle meningeal artery and 
then transgression of the eustachian tube. This approach 
provides access to the sphenoid sinus between the second 
and third divisions of the trigeminal nerve. 


At the completion of the surgery, the temporalis muscle 
can be rotated into the defect to separate the sinuses from 
the cranial cavity and to protect the ICA. The orbitozygo- 
matic bone segment is replaced and secured with titanium 
microplates. The temporal depression that results from 
transposition of the temporalis muscle can be filled with a 
fat graft or alloplastic material. 


Endoscopic Endonasal Approach: Middle 
Cranial Base 


The endoscopic endonasal approach permits access to the 
middle cranial base from the sella turcica to the cavernous 
sinus, Meckel’s cave, petrous apex, and infratemporal fossa. 
The course of the petrous ICA divides the coronal plane 
into suprapetrous (middle fossa) and infrapetrous (poste- 
rior fossa) approaches. Key anatomical landmarks for the 
petrous ICA include the pterygoid canal (vidian nerve) 
and foramen rotundum (V2). A transpterygoid approach 
provides access to these structures and the middle fossa. 
Performing a middle meatal antrostomy and removing the 
posterior wall of the maxillary sinus expose the pterygo- 
palatine space, and the contents are displaced laterally to 
expose the base of the pterygoids. The descending pala- 
tine artery and the greater palatine nerve run vertically in 
the palatine bone posterior to the antrostomy and are 
preserved. The vidian nerve and V2 are identified infero- 
laterally and superolaterally to the lateral recess of the 
sphenoid, and the sphenoidotomy is extended laterally. 
The vidian nerve can be sacrificed to provide additional 
exposure of the petrous ICA. The bone medial to the para- 
clival segment of the ICA is drilled to expose the medial 
petrous apex. Exposure of Meckel’s cave requires removal 
of bone between the vidian nerve and V2 and lateral to the 
paraclival ICA. Foramen ovale can be accessed by following 
V3 from Meckel’s cave or by following the lateral pterygoid 
plate posteriorly (19) (Fig. 131.4). 


Protecting frontal lobe 
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Zygoma 


Periorbita 


Orbital roof 
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Orbitozygomatic approach for orbital apex meningioma. A: Right orbit in a dry skull. 
The highlighted area corresponds to the orbital region feasible to be reached with the orbitozygo- 
matic approach. B: Exposure of the orbital lateral wall and part of the zygoma after elevation of the 
temporalis muscle and pterional craniotomy. C: Orbital burr hole. D: Osteotomies are performed to 
remove part of the zygoma and the lateral orbital rim in a single piece. E: Exposure of the periorbita. 
F: Microscopic view of the tumor situated between the lateral and superior rectus muscle. 


More lateral access to the infratemporal skull base and 
masticator space is achieved with a medial maxillectomy, 
anteromedial maxillotomy (Denker approach), or trans- 
maxillary approach. The lateral nasal wall is resected to the 
nasal floor and the lacrimal duct is sharply transected at 
its junction with the lacrimal sac to prevent stenosis. An 


endoscopic anteromedial maxillotomy requires a muco- 
sal incision along the pyriform aperture, and periosteum 
is elevated from the anterior maxilla. The medial buttress 
is removed with a drill or bone rongeurs. Preservation of 
periosteum is important to minimize alar retraction post- 
operatively. More lateral exposure can be achieved with a 
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Endoscopic endonasal approach to the middle and posterior cranial fossa for 
resection of a left trigeminal schwannoma. A: Preoperative MRI T1 with contrast axial view. The 
tumor occupies the middle and posterior cranial fossa. B: Preoperative MRI T1 with contrast coronal 
view. Meckel’s cave is filled with tumor. C: Endoscopic view with a 0-degree endoscope showing the 
resection of the tumor from the posterior cranial fossa. The paraclival carotid artery is just anterior 
to the anterior limit of the dissection. D: Endoscopic view with a 0-degree endoscope showing the 
posterior cranial fossa and Meckel’s cave completely free of tumor. The paraclival carotid artery is 
seen between these two areas approached. E: Endoscopic close-up view of Meckel’s cave with a 
45-degree endoscope looking inferiorly to show the trajectory of the sixth nerve from the posterior 
fossa through an enlarged Dorello’s canal. F: Right septal flap covering both cranial base defects: 
clival and Meckel’s cave. G: Postoperative MRI T1 with contrast axial view and (H) coronal view to 
show the complete removal of the tumor from the middle and posterior cranial fossa. 


transmaxillary approach. A sublabial mucosal incision pro- 
vides exposure of the anterior maxillary wall and a maxil- 
lotomy is performed to the infraorbital nerve. The bone of 
the posterolateral maxilla is removed to expose the ptery- 
goid muscles, branches of V3, and branches of the internal 
maxillary artery. Dissection can proceed as far as the ramus 
of the mandible and temporomandibular joint. 

Surgical defects of the middle cranial fossa can be covered 
with a contralateral septal flap or with nonvascularized fas- 
cial and fat grafts. With combined endonasal and infratem- 
poral approaches, alternative reconstructive flaps include a 
temporalis transposition or temporoparietal fascial flap. 


APPROACHES TO THE POSTERIOR 
CRANIAL BASE 


Open Approach: Retrosigmoid Craniotomy 


A postauricular incision is made and a subperiosteal flap is 
elevated. The incision may be extended into the upper cer- 
vical region for control of the proximal ICA and isolation 
of the lower cranial nerves. The upper cervical musculature 
(sternocleidomastoid and trapezius muscles) is detached 
from the mastoid and suboccipital region, and a craniot- 
omy is performed posterior to the mastoid and sigmoid 
sinus. A mastoidectomy with removal of the tip provides 
greater access to the jugular foramen. 

If a large tumor involves the temporal bone and com- 
plete access to the extracranial ICA is needed, a Fisch type C 
approach provides wide exposure of the middle and poste- 
rior cranial fossae. The incision extends from the temporal 
area to the upper cervical region. A conchal bowl incision 
through the skin and cartilage allows elevation of the auricle 
with the skin flap; the stump of the external auditory canal 
remains. The facial nerve can be transposed for additional 
exposure or remain in situ. A transtemporal approach is then 
performed with dissection of the ICA to the carotid canal. 

The surgical defect can be reconstructed with temporalis- 
muscle transposition or a posteriorly based pericranial flap 
(occipital artery). The craniotomy site is covered with tita- 
nium mesh ora plate and cervical musculature is reattached. 


Endonasal Transclival and Transodontoid 
Approach 


The endonasal approach provides optimal access to the 
clival region from the posterior clinoids to the foramen mag- 
num. A sphenoidotomy is performed and the mucosa of the 
nasopharynx and underlying musculature (longus capitis 
muscle) is resected from the floor of the sphenoid to the 
ring of C1 and between the eustachian tubes. It is important 
to localize the parapharyngeal ICAs with image guidance to 
avoid injury with dissection or electrocautery. The clivus is 
divided into thirds. The upper third includes the posterior 
clinoids to the floor of the sella. Exposure of the posterior 
clinoids requires transposition of the pituitary gland. The 
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sella is opened widely and the lateral attachments of the 
pituitary gland are lysed with possible sacrifice of the infe- 
rior hypophyseal arteries on one or both sides. If the poste- 
rior planum is removed, the gland can be displaced into the 
suprasellar space with preservation of the pituitary stalk and 
the superior hypophyseal vessels. The middle clivus extends 
from the floor of the sella to the floor of the sphenoid sinus. 
Drilling of bone in this area is bounded by the parapha- 
ryngeal ICAs, and the sixth cranial nerve is susceptible to 
injury posterolateral to the vessels (20). The inferior clivus 
extends to the foramen magnum. The bone thins as you 
proceed inferiorly and intense venous bleeding from the 
clival plexus is often encountered. This is controlled with 
application of hemostatic materials (Surgifoam, Floseal). 
The sixth cranial nerve exits the brainstem at the level of the 
vertebrobasilar junction and is susceptible to injury with 
opening of the dura (Fig. 131.4). 

If exposure of the upper cervical spine is necessary (basi- 
lar invagination, foramen magnum tumor), the anterior 
ring of Cl is exposed and removed. The odontoid and 
upper body of C2 can be drilled and ligamentous attach- 
ments are resected. Laterally, dissection is limited by the 
vertebral arteries. 

Extradural defects of the clivus can be simply covered 
with fibrin glue. Septal mucosal flaps are usually inade- 
quate in size and reach for large and deep clival defects and 
supplementation with fat grafts may be necessary. 


Endonasal Infrapetrous Approach 


The infrapetrous approach is defined by the course of 
the petrous and parapharyngeal ICA. A lower transclival 
approach is combined with a transpterygoid approach, and 
the location of the petrous ICA is defined using the vidian 
nerve as a landmark. Bone inferomedial to the pterygoid 
canal is carefully drilled, and the dense fibrocartilage of the 
foramen lacerum is exposed. The medial eustachian tube is 
resected and the fibrocartilage is transected inferior to fora- 
men lacerum. This provides access to the inferior aspect of 
the petrous bone. Lateral dissection is limited by V3 and 
the parapharyngeal ICA. 

At the level of the foramen magnum, removal of bone 
laterally exposes the hypoglossal canal and nerve. The bone 
superior to the hypoglossal nerve is the jugular tubercle and 
is bounded laterally by the jugular bulb. The occipital con- 
dyle is inferior to the hypoglossal nerve; excessive removal 
of this bone on both sides can destabilize the spine (21). 


COMPLICATIONS 


Complications associated with cranial base surgery are myr- 
iad and can be life-threatening or trivial, temporary or per- 
manent. There is no standardized classification of skull base 
complications. A list of possible complications is provided 
in Table 131.5. For the purposes of this chapter, the more 
common and clinically relevant complications are discussed. 
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TABLE 


COMPLICATIONS OF 
5 RR CRANIAL BASE SURGERY 


¢ CSF leak ¢ Encephalomalacia 
¢ Pneumocephalus ¢ Seizure 
¢ Meningitis ¢ Psychiatric disorders 
e Epidural, subdural, or brain ¢ Diabetes insipidus 
abscess ¢ Syndrome of inappropriate 
¢ ICA injury antidiuretic hormone secretion 
¢ Stroke ¢ Hypopituitarism 
e Venous thrombosis © Cranial nerve deficit 
e e 


Thrombophlebitis Flap necrosis 


Pituitary: Hypopituitarism and Diabetes 
Insipidus 


Injury to the pituitary gland and loss of function may result 
from aggressive resection of tumor or loss of blood supply 
(superior hypophyseal vessels). The effects of hypopitu- 
itarism will depend on the age of the patient but include 
cortisol deficiency, hypogonadism, and hypothyroidism. 
Endocrinologists are involved in the perioperative manage- 
ment of these patients and hormonal replacement therapy 
can be instituted. In patients who are at risk for cortisol 
deficiency, stress steroids are administered perioperatively. 
Diabetes insipidus is a consequence of injury to the pos- 
terior gland or hypothalamus. It is characterized by a sud- 
den increase in urine output because of impairment in the 
secretion of antidiuretic hormone. During the postopera- 
tive period, urine output greater than 250 mL in 2 hours 
is suggestive of diabetes insipidus. Manifestations include 
polyuria, dehydration, hypovolemia, and polydipsia. The 
diagnosis is confirmed if serum level of sodium exceeds 150 
mEq/L, the urine is dilute with a specific gravity less than 
1.005, and urine osmolality is between 50 and 150 mOsm/ 
kg. Treatment includes fluid and electrolyte replacement. 
Administration of Desmopressin (DDAVP) is indicated 
when dehydration and electrolyte disturbances are severe or 
not responding to the replacement therapy. In the postoper- 
ative period, diabetes insipidus usually is a self-limited con- 
dition and pharmacologic treatment tends to be temporary. 


CSF Leak/Pneumocephalus 


A CSF leak occurs in up to 5% of patients undergoing 
endonasal cranial base surgery and is one of the most 
frequent major complications. Risk factors for a CSF leak 
include patient demographics, patient comorbidities, diag- 
nosis, location and size of dural defect, method of recon- 
struction, and perioperative management. Younger and 
older patients appear to be at increased risk, but this may 
be due to other related factors. Morbidly obese patients 
have elevated CSF pressures. Similarly, patients presenting 
with a spontaneous CSF leak and those with significant 


mixing of blood and CSF have elevated CSF pressures post- 
operatively. In our experience, craniopharyngiomas have 
an increased risk of CSF leak that may be a consequence of 
a high-flow defect as well as transient hydrocephalus from 
the cyst contents. Large dural defects and those that com- 
municate with CSF cisterns or ventricles pose a greater risk. 
Successful repair of dural defects has been achieved using 
a variety of nonvascularized and vascularized tissues. The 
use of vascularized septal flaps and pericranial flaps has 
decreased the incidence of postoperative CSF leaks to less 
than 5%. Although lumbar spinal drainage is often used 
to treat minor CSF leaks, the routine use of CSF diversion 
to prevent a postoperative CSF leak has not been convinc- 
ingly demonstrated. 

Usually, a postoperative CSF leak is readily appar- 
ent based on the symptoms (unilateral watery rhinor- 
rhea, reservoir sign due to pooling of fluid in the sinuses, 
“double-ring” sign of blood-tinged drainage) and physical 
examination (endoscopic findings, Valsalva maneuver). 
Persistent postoperative pneumocephalus or increasing 
pneumocephalus imply a dural opening. In questionable 
cases, a postoperative CSF leak can be confirmed by testing 
of collected fluid for beta-2-transferrin or beta—-trace pro- 
tein, or with a CT cisternogram. 

Aggressive management of postoperative CSF leaks is 
warranted to prevent the sequela of meningitis. For small 
leaks in the early postoperative period, a lumbar spinal 
drainage can allow the leak to seal. CSF diversion can 
increase the risk of meningitis, however, due to reversal of 
flow. Prophylactic antibiotic therapy for CSF leaks is not 
recommended due to lack of efficacy and selection of anti- 
biotic-resistant bacteria. Following endonasal skull base 
surgery, aggressive management with surgical intervention 
within 24 hours has been an effective strategy. Lumbar 
drains are reserved for recurrent leaks, high-flow leaks, and 
patients with suspected elevated CSF pressure. 


Infection/Meningitis 


The incidence of meningitis following cranial base surgery 
is very low with reports of 0.9% to 2.5% for transcranial 
surgery and 1% to 2% for endonasal skull base surgery 
(22-24). Surprisingly, endonasal approaches through a 
clean-contaminated environment have not been associ- 
ated with an increased risk of infection. There is no con- 
sensus for the best regimen for antibiotic prophylaxis, but 
a single agent with moderate CSF penetration (e.g., third- 
or fourth-generation cephalosporin) is sufficient. Factors 
that contribute to postoperative meningitis include active 
infection (sinusitis, wound infection), postoperative CSF 
leak, and use of nonvascularized tissues for reconstruc- 
tion. Factors that delay healing (malnutrition, Cushing's 
disease, radiation therapy) may also contribute. Patients 
with sinusitis should be treated prior to surgery that trans- 
gresses the infected sinus. Early intervention for CSF leaks 
decreases the risk of delayed meningitis. 


Vascular Injury 


The risk of a vascular injury depends on multiple factors 
including the extent of the pathology, the experience of 
the surgeon, and the region of dissection. Vascular injury 
to small vessels can be as devastating as injury to the ICA. 
When dissecting tumors from the optic chiasm, loss of small 
branches of the superior hypophyseal artery can result in 
visual loss or hypopituitarism. Injury to small perforating 
vessels when dissecting tumors from the brainstem can result 
in stroke or hyperphagia syndrome. Tumors of the anterior 
cranial fossa that encase the anterior cerebral arteries pose a 
greater risk for dissection. Injury may result in memory and 
personality changes. Large tumors are internally debulked 
first to collapse the tumor and allow extracapsular dissection 
of the tumor margin without retraction. Pulling of tumor is 
avoided so that small vessels are not avulsed on the backside 
of the tumor. If tumor cannot be safely dissected from these 
small vessels, it is better to perform a partial resection. 

Injury to the ICA is avoided with a detailed knowledge of 
skull base anatomy and good surgical technique. Bleeding 
from the ICA may result from avulsion of small branches 
or direct injury. Small arterioles can be sealed with bipolar 
electrocautery. Larger injuries should be sutured if possible 
or controlled with application of a crushed muscle patch. If 
this is not possible, intraoperative sacrifice of the ICA with 
packing or placement of aneurysm clips is usually neces- 
sary. Postoperative angiography should be performed in all 
of these patients to detect a pseudoaneurysm. Management 
includes insertion of a covered stent or angiographic sacri- 
fice of the vessel. The adequacy of collateral cerebral cir- 
culation can be assessed with a combination of CT/MRI 
studies, angiography, and xenon-CT or single photon emis- 
sion computed tomography (SPECT) balloon occlusion 
tests. If collateral circulation is inadequate, a bypass graft 
from the carotid artery to the middle cerebral artery (MCA) 
may be considered. 


Neural Injury 


Cerebral contusions are a direct consequence of brain 
retraction and the surgical approach should be designed to 
minimize retraction. The incidence of radiographic encepha- 
lomalacia is as high as 60% of patients undergoing transcra- 
nial surgery of the anterior cranial base. Risk of contusion is 
increased if there is preoperative cerebral edema secondary 
to tumor disruption of the blood-brain boundary. 

Cranial nerve injury is a consequence of manipulation 
or ischemia. Surgical approaches should be designed to 
minimize manipulation of nerves and small vessels to the 
nerves from the cranial circulation should be preserved. 
The sixth cranial nerve is particularly susceptible to injury 
due to its long course and small diameter. It can be injured 
medial (brainstem) or lateral (Dorello’s canal) to the para- 
clival segment of the ICA. Neurophysiologic monitoring of 
the motor component of the cranial nerves and the use of 
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intraoperative nerve stimulation decrease the risk of per- 
manent injury. Sacrifice of cranial nerves is often necessary 
due to tumor involvement. Care should be taken to avoid 
loss of the first division of the trigeminal nerve in associa- 
tion with the vidian nerve since the combination of cor- 
neal anesthesia and decreased tearing places the cornea at 
high risk of ulceration. Loss of the vidian nerve is generally 
well tolerated in young patients (loss of emotional tear- 
ing) but may contribute to a dry eye in older patients with 
decreased baseline tearing. 


Quality of Life 


Studies of postoperative quality of life (QOL) using the 
anterior skull base questionnaire in patients undergoing 
anterior craniofacial resection for sinonasal malignancy 
demonstrate good function across all domains (19). In 
patients undergoing endoscopic endonasal surgery of the 
skull base, excellent QOL scores are noted using the ante- 
rior skull base questionnaire (20). Limited data suggest that 
QOL is superior to open transcranial approaches. Nasal 
morbidity has been assessed in the endonasal surgical 
group using the SNOT-22 questionnaire, a validated instru- 
ment. As expected, increasing nasal morbidity (decreased 
QOL) was noted in nontransellar sagittal plane and coro- 
nal plane surgical modules compared to transsellar surgery. 


CONCLUSIONS 


Cranial base surgery is a rapidly evolving subspecialty that 
requires a vast knowledge of anatomy and encompasses a 
wide variety of pathologies and surgical approaches. The 
same principles apply to pediatric and adult populations. 
Cranial base surgery is best practiced by teams of sur- 
geons with expertise in open and endonasal approaches. 
Morbidity is acceptable and overall QOL is good follow- 
ing cranial base surgery. Good oncologic outcomes can be 
obtained for a variety of benign and malignant neoplasms. 


m The depth of the lateral lamella is an important risk 
factor for iatrogenic CSF leak during transethmoidal 
procedures. 

m The olfactory filaments pass through the cribriform 
plate from the nasal cavity to the intracranial olfac- 
tory bulbs and are a route for intracranial spread of 
sinonasal malignancy. 

m The sixth cranial nerve courses superolaterally 
behind the paraclival ICA and is at risk of injury 
when drilling posterior to the paraclival ICA just 
below the sellar floor. 
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The arcuate eminence approximates the position of 
the superior semicircular canal. The internal audi- 
tory canal can be identified below the floor of the 
middle fossa by drilling along a line approximately 
60 degrees medial to the arcuate eminence, near 
the middle portion of the angle between the greater 
petrosal nerve and arcuate eminence. 

The scalp has five layers designated by the acronym 
SCALP: Skin, subcutaneous tissues, Aponeurosis 
(galea), Loose areolar layer, and Periosteum. 

If CSF rhinorrhea is suspected, provocative maneu- 
vers can be performed (Valsalva maneuver). Testing 
of collected fluid for beta-2-transferrin or beta—trace 
protein will confirm the presence of CSE 
Chondromatous neoplasms (clival chordomas, 
chondrosarcomas) characteristically enhance on 
T1-weighted MRI with contrast and exhibit a high 
signal with multiple septations on T2-weighted 
sequences. 

A septal flap is pedicled on the posterior septal 
branches of the sphenopalatine artery and the 
pericranial flap is supplied by the supratrochlear 
and supraorbital vessels, which exit from foramina 
or notches along the superior orbital rim. 

During endoscopic endonasal approaches, the 
course of the petrous ICA divides the coronal plane 
into suprapetrous (middle fossa) and infrapetrous 
(posterior fossa) approaches. Key anatomical land- 
marks for the petrous ICA include the pterygoid 
canal (vidian nerve) and foramen rotundum (V2). 
Diabetes insipidus is a consequence of injury to the 
posterior gland or hypothalamus. It is characterized 
by a sudden increase in urine output because of 
impairment in the secretion of antidiuretic hor- 
mone. Treatment includes fluid, electrolyte replace- 
ment and/or administration of DDAVP. 
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Odontogenic Cysts, 
Tumors, and Related Jaw 


William L. Chung 


The term odontogenic implies being derived from 
tooth-forming structures. Odontogenic cysts and tumors 
are a unique group of lesions due to their complex and vari- 
able history, histologic characteristics, and clinical behav- 
ior. Odontogenic cysts vary significantly in their frequency, 
behavior, and treatment. Odontogenic tumors are rela- 
tively uncommon lesions (1). Collectively, lesions of the 
jaws deserve considerable attention by surgeons because of 
their potential for tissue destruction and the related chal- 
lenges they pose for reconstruction. This chapter reviews 
the more common odontogenic cysts and tumors along 
with several other related jaw lesions. The salient clinical, 
radiographic, and histologic features of each lesion will 
be discussed, in addition to its treatment and prognosis. 
Many of the odontogenic cysts and tumors share similar 
radiographic features, so the patient's history and eventual 
histopathology ultimately dictate the specific surgical ther- 
apy. Furthermore, a frozen section is not typically obtained 
for jaw lesions discussed in this chapter because they are 
not malignant lesions and a frozen section will not change 
the ultimate treatment plan for each lesion. 


In 1992, the World Health Organization (WHO) classified 
odontogenic cysts as either inflammatory or developmen- 
tal, including odontogenic and nonodontogenic. Most 
cysts of the oral cavity are true cysts because they contain 
an epithelial lining. The lining of these cysts is derived from 
one of three epithelial structures: (a) reduced enamel epi- 
thelium—residual epithelium that surrounds the crown of 
the tooth after enamel formation is complete; (b) rests of 
Malassez—remnants of the Hertwig root sheath that persist 
in the periodontal ligament after root formation is com- 
plete; or (c) remnants of dental lamina (rests of Serres)— 
islands and strands of epithelium that originate from the 
oral epithelium and remain in tissues after inducing tooth 
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Lesions 
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development (2). Odontogenic cysts can become inflamed 
or infected, causing significant signs or symptoms. 


Radicular Cyst 


The radicular cyst is by far the most common odontogenic 
cyst. It develops at the apex of an erupted tooth in response 
to pulpal necrosis secondary to dental caries or trauma. 
The cyst arises from inflammatory stimulation and prolif- 
eration of the rests of Malassez. The cyst lining forms as 
the epithelial elements proliferate. Cellular debris within 
the lumen produces an osmotic gradient, and fluid is trans- 
ported across the lining. This gradient slowly increases the 
volume of fluid inside the lumen, ultimately expanding 
the cyst by hydraulic pressure from within the cyst. 


Clinical and Radiographic Features 

Most radicular cysts are asymptomatic and are discov- 
ered incidentally during routine radiographic evaluation 
(Fig. 132.1). Radicular cysts rarely exceed 1 cm in diameter 
except when several adjacent teeth become devitalized as 
a result of trauma. Radiographically, the radicular cyst is 
round to ovoid, well circumscribed, and contiguous with 
the apex of the involved tooth. 


Histopathology 

The cyst is lined by stratified squamous epithelium of 
varying thickness. The cyst wall typically supports a vari- 
able inflammatory cell infiltrate, including lymphocytes 
and neutrophils. The cystic lumen will frequently con- 
tain necrotic cellular debris. A small percentage of radic- 
ular cysts have crescent-shaped hyaline (Rushton) bodies 
within the epithelial lining. Although unique to odonto- 
genic cysts, the biologic significance of Rushton bodies is 
unknown. Multinucleated foreign body giant cells, choles- 
terol crystal clefts, and hemosiderin may be seen through- 
out the connective tissue of the cyst wall. 
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Figure 132.1 Periapical cyst. Radiograph demonstrating periapical 
lesion associated with grossly carious tooth # 20. 


Treatment and Prognosis 

These cysts are treated by extraction of the infected tooth 
followed by enucleation of the cyst. Extraction of the tooth 
without removing the cyst may allow for persistent growth 
of the cyst. If the cyst is incompletely removed, a residual cyst 
may develop. Complete bony healing is typically seen within 
6 months if the radicular cyst has been thoroughly removed. 


DEVELOPMENTAL CYSTS 


Dentigerous Cyst 


The dentigerous cyst is the second most common odon- 
togenic cyst. A dentigerous cyst must be associated with 
the crown of an unerupted tooth (3). The cyst is attached 
to the cervical region of the tooth, usually a mandibular 
third molar. However, variants exist where the cyst is seen 
lateral to or completely enveloping the associated tooth. 
Maxillary third molars, maxillary canines, and mandibu- 
lar second bicuspids are also commonly involved, as these 
teeth are among those frequently impacted. 


Clinical and Radiographic Features 

Dentigerous cysts usually occur in the second and third 
decades with a slight male predilection. Because they are 
associated with an impacted tooth, the arch will appear to 
be missing a tooth. The cysts usually do not produce symp- 
toms and can achieve significant size, causing bony expan- 
sion (Fig. 132.2A and B). The dentigerous cyst is usually a 
well-circumscribed, unilocular, radiolucency surrounding 
the crown of an unerupted tooth (Fig. 132.2C). Mandibular 
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Figure 132.2 A,B: Dentigerous cyst. Panorex radiograph and 
computed tomography (CT) scan of 14-year-old who presented 
with facial swelling. Radiograph reveals considerable left mandibu- 
lar angle and ramal involvement. Note thinning of buccal and lin- 
gual cortices and displacement of multiple permanent teeth within 
lesion on CT. C: Surgical specimen from above patient. Note 
adherence of cyst to permanent tooth crown. 


cysts can displace the tooth into the ramus or the inferior 
border of the mandible, while maxillary cysts can displace 
the tooth into the maxillary sinus toward the orbital floor. 
It is important to understand that the above-stated clini- 
cal and radiographic features are not specifically diagnostic 
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for a dentigerous cyst, although highly consistent (4). The 
differential diagnosis for similar-appearing radiographic 
lesions should include an ameloblastoma, keratocystic 
odontogenic tumor (KCOT), and adenomatoid odonto- 
genic tumor (AOT). 


Histopathology 

The cystic lumen is lined by nonkeratinized, stratified squa- 
mous epithelium that is anywhere from 2 to 10 cell layers 
thick. It is common for the lining to be inflamed. The den- 
tigerous cyst can share several microscopic features with 
the radicular cyst, such as Rushton bodies, cholesterol crys- 
tal clefts, and hemosiderin deposits. Chronic dentigerous 
cysts may exhibit areas of keratinized epithelium, which 
require the lesion to be differentiated from the KCOT (5). 
The epithelial lining of the dentigerous cyst is capable of 
ameloblastoma expression (3). Thus, timely diagnosis and 
treatment is critical. 


Treatment and Prognosis 

Removal of the impacted tooth along with thorough enu- 
cleation of the cyst is usually definitive therapy. When a 
mandibular dentigerous cyst reaches considerable size, the 
cyst can be marsupialized to allow for decompression and 
shrinkage of the cyst with compensatory bone fill prior to 
definitive removal of the lesion. 


Calcifying Odontogenic Cyst (Gorlin Cyst) 


This lesion is thought to arise from remnants of the dental 
lamina within the gingiva or jaws. Approximately one- 
fourth of all calcifying odontogenic cysts (COCs) occur 
extraosseously, within the gingiva anterior to the first 
molar in individuals older than 50 years (6). 


Clinical and Radiographic Features 

The COC behaves like most other odontogenic cysts, and 
it has little recurrence potential. The COC has a wide 
age range, but the peak incidence occurs in the second 
decade. The lesion has a predilection for females, and 
most are located in the anterior portion of either jaw. The 
extraosseous lesion may present with painless gingival 
expansion. These cysts are often discovered as incidental 
findings on routine radiographic evaluation. They ini- 
tially appear lucent. As the cyst develops, calcifications 
may develop causing a well-circumscribed mixed radio- 
lucent/radiopaque appearance. However, these opacities 
are only seen in approximately one-third to one-half of 
all cases. 


Histopathology 

These usually unilocular cysts are lined by odontogenic 
epithelium. The basal layer is distinct with its columnar to 
cuboidal cells with hyperchromatic nuclei that are polarized 
away from the basement membrane (Fig. 132.3). Another 
characteristic histologic feature of the COC is the ghost 
cell—an altered epithelial cell with loss of the nucleus and 
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Figure 132.3 Calcifying odontogenic cyst (Gorlin cyst). Cyst 
lined by odontogenic epithelium. The basal cells are palisaded and 
columnar. Large, eosinophilic “ghost cells” are seen within and on 
the surface of the epithelium. 


bright eosinophilic cytoplasm—that represents abnormal 
keratinization. With time, these ghost cells tend to become 
calcified, sometimes even forming calcified masses. When 
these cells contact the connective tissue, a foreign body 
reaction occurs due to the release of keratin. 


Treatment and Prognosis 

Surgical enucleation usually results in complete resolution. 
The extraosseous lesions are often associated with other 
odontogenic tumors and due to their low recurrence 
potential are managed conservatively with lesion removal 
only. 


Glandular Odontogenic Cyst 
(Sialo-Odontogenic Cyst) 


The glandular odontogenic cyst was first described in 
1987 (7). Although only a few cases have been reported, it 
is worth mentioning due to its locally aggressive behavior 
and its propensity to recur. This lesion is generally consid- 
ered odontogenic in origin with numerous mucus-secret- 
ing cells within its epithelial lining. 


Clinical and Radiographic Features 

This lesion occurs most commonly in middle-aged adults. 
The majority of glandular odontogenic cysts have been 
reported in the mandible especially in the anterior region. 
They appear as multilocular radiolucencies and may cross 
the midline. 


Histopathology 

This lesion has several unique microscopic features: (a) an 
epithelial lining of variable thickness and a flat epithelial- 
connective tissue junction; (b) small microcysts and gland- 
like structures within the epithelial lining; and (c) a single 
layer of cuboidal or columnar cells lining the gland-like 
structures (Fig. 132.4). 
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Figure 132.4 Glandular odontogenic cyst. Stratified squamous 
epithelium forming gland-like structures. 


Treatment and Prognosis 

Most glandular odontogenic cysts are amenable to enucle- 
ation and curettage. However, due to its recurrence poten- 
tial, some advocate marginal resection (8). Regardless, 
long-term follow-up is advisable. 


NONODONTOGENIC CYSTS 
Nasopalatine Duct Cyst (Incisive Canal Cyst) 


The nasopalatine duct cyst originates from the epithelial 
remnants of the two embryonic nasopalatine ducts (9). 
The majority of these cysts arise in the anterior maxilla 
near the incisive foramen. 


Clinical and Radiographic Features 

Men are affected twice as often as females, and this cyst 
occurs most frequently in the fourth to sixth decades. The 
nasopalatine duct cyst is either asymptomatic or presents 
as a soft tissue swelling in the midline of the anterior hard 
palate once the lesion has perforated the bone. The lesion 
is typically a well-circumscribed, oval-pear or heart-shaped, 
unilocular radiolucency in the midline of the anterior pal- 
ate. If the cyst reaches large proportions, it can resorb the 
roots of the adjacent teeth. Some normal incisive canals are 
radiographically wide, which may make diagnosis of this 
lesion less precise. It is generally accepted that any radio- 
graphic lesion greater than 6 mm should be considered a 
cyst and not an enlarged incisive foramen. If no soft tissue or 
bony swellings are present and the patient is asymptomatic, 
then a diagnosis of nasopalatine duct cyst becomes unlikely. 


Histopathology 

The lining of this lesion can be either stratified squamous 
epithelium, ciliated columnar or cuboidal epithelium, 
or a combination of the two. This variable lining reflects 
whether the cyst has arrived from epithelium closer to the 
palate (stratified squamous) or more closely associated 


with the nasal cavity (ciliated columnar). The fibrous tissue 
contains elements of nerve and vascular tissue consis- 
tent with the surrounding incisive canal contents. Mucus 
glands are occasionally seen within the wall of the cyst as 
these glands are native to the adjacent nasal cavity. 


Treatment and Prognosis 

Surgical enucleation is usually curative, but may result in 
sacrificing the nasopalatine nerve and vessel, resulting in 
denervation of the mucosa of the anterior palate and max- 
illary incisors. Recurrence is rare. 


Stafne Bone Cyst (Lingual Salivary Gland 
Depression, Static Bone Cyst) 


The Stafne bone cyst is not a true cyst. Rather, it is a depres- 
sion on the lingual aspect of the posterior body of the 
mandible. This condition has a pathognomonic radio- 
graphic appearance of a small ovoid, well-circumscribed 
radiolucency often surrounded by cortical bone, located 
below the inferior alveolar canal in the second or third 
molar region. This radiographic appearance is due to the 
relative thinning of the mandible. Most reported cases 
have occurred in males. Sialography, biopsy, and autopsy 
have revealed that the depression is characteristically filled 
with an accessory lateral lobe of the submandibular sali- 
vary gland, although occasionally connective tissue, adi- 
pose tissue, and lymphoid tissue have been seen (10). No 
treatment is required. 


Idiopathic Bone Cavity (Traumatic Bone 
Cyst or Traumatic Bone Cavity) 


The traumatic bone cavity is not a true cyst because it does 
not contain a true epithelial lining. It is usually found in 
the posterior mandible and presents on radiograph as a 
less well-defined radiolucency compared to most odonto- 
genic cysts. These lesions are typically empty on surgical 
exploration or contain some straw-colored fluid. There is 
no lining or tissue to submit for biopsy, but exploration 
of the lesion will be curative, since hemorrhage within 
the cavity will allow for granulation tissue formation and 
ultimate resolution of this condition. 


ODONTOGENIC TUMORS 


Odontogenic tumors are collectively a rare but diverse 
and complicated group of lesions. They arise from epi- 
thelial or mesenchymal cells, or both, that are associated 
with tooth structures. Most odontogenic tumors are true 
neoplasms, but some behave as hamartomatous growths. 
Odontogenic tumors commonly present as asymptomatic 
swellings, which can eventually cause bone loss, tooth dis- 
placement, and jaw expansion. They rarely cause sensory 
nerve dysfunction. Understanding the biologic behavior of 
this group of lesions will assist in choosing the appropriate 
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treatment to best attain a cure or to optimize the outcome 
(11,12). The tumors discussed in this chapter were selected 
based upon their frequency, locally aggressive behavior, 
and/or likelihood of recurrence. 


Odontoma 


Odontomas are not true neoplasms, but rather hamarto- 
matous growths because they form during normal tooth 
development and then reach a fixed size. The lesion con- 
tains elements of enamel, dentin, cementum, and pulp 
tissue. Depending on the degree of morphologic differenti- 
ation, an odontoma can be classified as either compound, 
if the lesion resembles tooth-like structures or complex, if 
the lesion appears as an amorphous mass. 


Clinical and Radiographic Features 

The odontoma is the most common odontogenic “tumor.” 
The lesion is typically asymptomatic and is discovered in 
the first two decades on radiographic examination, often 
initiated to evaluate lack of expected eruption of a per- 
manent tooth. Radiographically, both the compound and 
complex odontomas are radiopaque masses and have a 
well-demarcated border. The compound odontoma resem- 
bles multiple tiny tooth structures, while the complex 
odontoma appears as a dense irregular mass. 


Histopathology 

Although reduced enamel epithelium may be present, 
odontomas are essentially composed of enamel, dentin, 
cementum, and pulp tissue. Fibrous tissue is sparse. 


Treatment and Prognosis 
Removal of the lesion may be necessary to rule out other 
lesions or if the mass is impeding the eruption of a tooth. 
Enucleation and curettage is considered curative, and the 
lesion is not known to recur. 


Keratocystic Odontogenic Tumor 
(Odontogenic Keratocyst) 


The KCOT is a uni- or multicystic, intrabony lesion of 
odontogenic origin. It develops from remnants of the 
dental lamina and can occur in any location of the jaws 
(13,14). Its previous traditional term, odontogenic ker- 
atocyst (OKC), emphasized the benign behavior of this 
lesion. However, in 2005, the WHO Working Group 
recommended the newer term KCOT because it more 
accurately described its neoplastic behavior (15). These 
lesions mimic the radiographic appearance of any other 
odontogenic cyst and some odontogenic tumors. The 
mandibular ramus and posterior body are the most com- 
mon locations for the KCOT (Fig. 132.5A and B). The 
KCOT in the maxilla typically favors the posterior or 
canine regions. 
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Figure 132.5 A: Keratocystic odontogenic tumor. Panoramic 
radiograph of a 18-year-old man with bilateral mandibular and 
maxillary KCOT. Patient also had NBCCS. B: Axial computed 
tomography (CT) scan of same patient, revealing bilateral maxil- 
lary lesions. Lesions were noted to extend to the orbital floors 
intraoperatively. 


Clinical and Radiographic Features 

The KCOT differs from other odontogenic lesions with 
regard to its growth potential and recurrence rate. It can 
display aggressive growth, causing bony expansion and 
destruction, and reports have shown recurrence rates from 
5% to 60% (16,17). The KCOT occurs over a wide age 
range; however, its peak incidence is within the second and 
third decades. When multiple KCOTs occur in a patient, 
the nevoid basal cell carcinoma syndrome (NBCCS) must 
be considered. The mean age of patients with multiple 
KCOTs, with or without NBCCS, is lower than those with 
single, nonrecurrent KCOTs. Radiographically, the KCOT 
appears as a well-circumscribed radiolucency with a dis- 
tinct border, and many cause bony expansion or erosion 
of either cortex. Involved teeth may become displaced, but 
root resorption rarely occurs. 
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Histopathology 

The KCOT has the following distinct microscopic appear- 
ance: its lining is parakeratinized, stratified squamous epi- 
thelium, which is six to eight cell layers thick; the luminal 
surface is covered by a corrugated layer of parakeratin; the 
basal layer is palisaded and cuboidal, with prominent, 
intensely stained hyperchromatic nuclei; and a lack of rete 
pegs. This flat epithelial-connective tissue interface results 
in a separation of the epithelium on histopathologic pro- 
cessing. Exfoliated parakeratin often fills the cyst lumen 
and presents during surgery as a creamy, white material. 
Daughter (satellite) epithelial islands and cysts may be 
seen in the surrounding connective tissue and may be 
indicative of the NBCCS. 


Treatment and Prognosis 

The KCOT requires surgical enucleation and osseous curet- 
tage, and every attempt should be made to remove it in one 
piece (18). Modified Carnoy solution is a tissue fixative 
that can aid in a more complete lesion removal. Treatment 
of the residual bony cavity may devitalize microscopic rem- 
nants, thus decreasing the chance of recurrence (19,20). 
Some clinicians have advocated marginal resection to 
avoid recurrence (21). When large lesions are present, mar- 
supialization may be performed to decompress the KCOT 
to allow for easier removal of the cyst at a later surgery 
(22,23). Secondary infection, need for high patient com- 
pliance, and variable results limit the use of marsupializa- 
tion techniques. Most recurrences occur within 5 years, but 
reports of recurrence as long as 10 years later have been doc- 
umented. Thus, close follow-up is mandatory. Recurrence 
of KCOT has been speculated based on several theories: 
incomplete removal of the cyst due to its thin friable mem- 
brane and adherence to adjacent tissues, residual satellite 
cysts following enucleation, and remnants of dental lamina 
not associated with the KCOT in question causing de novo 
cyst formation. The orthokeratinized odontogenic cyst is 
considered by some to be a unique cyst, and by others to 
be a variant of the KCOT. It is much less common than the 
KCOT and has a much lower recurrence rate (24). Unlike 
the KCOT, the orthokeratinized odontogenic cyst is lined 
by orthokeratinized stratified squamous epithelium. There 
is a prominent granular layer below a noncorrugated sur- 
face, and the basal layer is less prominent. 


Nevoid Basal Cell Carcinoma Syndrome 
(Basal Cell Nevus Syndrome, Gorlin 
Syndrome) 


The NBCCS is an autosomal dominant inherited condi- 
tion that exhibits high penetrance and variable expressiv- 
ity (25,26). It is a result of a mutation of the PTCH tumor 
suppressor gene located on chromosome 9q22.3-q31. 
Patients may manifest a combination of the following 
clinical and radiographic features: multiple KCOTs of 
the jaws, multiple basal cell carcinomas of both exposed 


and non-sun-exposed areas, frontal bossing, mandibular 
prognathism, palmar and plantar pitting, bifid ribs, and 
calcification of the falx cerebri. The KCOTs associated with 
NBCCS should be treated in a similar manner as an iso- 
lated KCOT. However, increased vigilance with 6 month 
or yearly clinical follow-up and imaging (panoramic 
radiograph or computerized tomography) are warranted 
to allow early detection of new lesions. This is particu- 
larly true of children and adolescents. Once adulthood is 
reached, the formation of new KCOTs is less problematic, 
but the risk of basal cell carcinomas rises. Other than the 
skin lesions and those conditions that may be correctable, 
many of the other related abnormalities do not require any 
surgical intervention. Genetic counseling should be recom- 
mended to both the patient and family members due to 
the condition’s autosomal dominant inheritance. 


Ameloblastoma 


With the exception of the odontoma, the ameloblastoma 
is the most common odontogenic tumor (27). It arises 
from any number of residual epithelial elements of tooth 
development: reduced enamel epithelium, rests of Serres, 
rests of Malassez, or the basal layer of the oral mucosa. The 
lesion can also develop from within a dental follicle or a 
dentigerous cyst (3). Some confusion has arisen regarding 
the classification schema of ameloblastomas. Most refer- 
ences broadly categorize ameloblastomas into one of three 
groups: unicystic, solid or multicystic, or peripheral amelo- 
blastomas. A misuse of terms and/or a lack of understand- 
ing of these same terms with their overlapping meanings 
can lead to an inadequate treatment decision, increasing 
the likelihood of recurrence. One example is the term uni- 
cystic ameloblastoma. Unicystic ameloblastoma generally 
implies being amenable to enucleation and curettage. An 
invasive ameloblastoma may be unicystic, having just one 
cystic space. However, that does not suggest that this inva- 
sive lesion should be treated by enucleation and curettage 
merely because it was defined, properly or not, as a unicys- 
tic ameloblastoma. 


Clinical and Radiographic Features 

This benign, locally aggressive neoplasm is characterized 
by a slow growth pattern and may grow to profound pro- 
portions, causing gross facial deformities. It is usually 
asymptomatic and does not alter sensory nerve function. 
The posterior mandible appears to be a preferred site. The 
lesion has a very wide age range with a peak occurrence in 
the third and fourth decades, and it has no sex predilection. 
Radiographically, the lesion can appear as a unilocular or 
multilocular radiolucency with ill-defined borders, making 
it difficult to determine the exact size of the lesion. Buccal 
and lingual cortical expansion is common, even progress- 
ing to cortical perforation (Fig. 132.6A and B). Tooth dis- 
placement and root resorption can occur but infrequently. 
A variant, the desmoplastic ameloblastoma, is commonly 
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Figure 132.6 A: Ameloblastoma. Panoramic radiograph of a 17-year-old girl with unilocu- 
lar ameloblastoma of right mandible. Note resorption of multiple tooth roots in right mandible. 
B: Coronal computed tomography (CT) scan of maxillofacial bones of patient from (A). Note 
extreme buccal and lingual cortical expansion of right mandible. Focal areas of perforation were 
noted intraoperatively. C: Ameloblastoma (follicular pattern). Islands of odontogenic epithelium char- 
acterized by peripheral columnar cells exhibiting reverse polarity. The central portion of these islands 
resemble stellate reticulum in areas. D: Ameloblastoma (plexiform pattern). E: Preoperative photo 
of patient from previous images. Note significant vestibular expansion. Right mandibular teeth 
exhibited significant clinical mobility. F: A resection of the right mandible from the angle to the 
contralateral parasymphysis through a neck incision. Focal areas of buccal cortical perforation were 
noted intraoperatively. Specimen is viewed from the buccal aspect. 
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found in the anterior maxilla or mandible. It contains 
dense connective tissue, and thus has a more opaque 
radiographic appearance. Another variant, the peripheral 
ameloblastoma, is usually present on the gingival and has 
no radiographic features, except perhaps a “cupping” of 
underlying alveolar bone. 


Histopathology 

Ameloblastomas are histologically diverse. They may 
exhibit areas of focal variation, so adequate sampling must 
be undertaken. The ameloblastoma is unencapsulated, 
so it typically exhibits an infiltrative growth pattern into 
surrounding tissues. The basal cells in the epithelium are 
columnar and hyperchromatic. The nuclei are polarized 
away from the basement membrane (“reverse polarity”). 
Numerous histologic patterns have been noted in amelo- 
blastomas; however, there is no current consensus that 
these different histologic patterns have different biologic 
behaviors (28,29). The two most frequent patterns are the 
follicular and plexiform (Fig. 132.6C and D). 


Treatment and Prognosis 

The primary treatment principle for any intrabony ame- 
loblastoma is complete removal, regardless of the tech- 
nique, due to its locally destructive potential and high risk 
for recurrence (30). Enucleation and curettage was once 
considered the recommended treatment for the unicystic 
ameloblastoma. However, curettage of the bone adjacent 
to an ameloblastoma is now discouraged because of the 
tisk of seeding foci of ameloblastoma either deeper into 
the bone or into adjacent tissues. Furthermore, enucle- 
ation alone should be avoided when the lesion of con- 
cern is large enough that a pathologic fracture could 
occur. Recurrence rates between 15% and 35% have been 
reported with unicystic ameloblastomas treated by enucle- 
ation and curettage alone. A 1.0- to 1.5-cm bony margin 
is recommended for a unicystic ameloblastoma. When an 
ameloblastoma grows into or completely through the con- 
nective tissue layer surrounding the lesion, or if it recurs, 
then a more aggressive treatment is required. When resec- 
tion is warranted, one uninvolved overlying anatomic 
barrier margin is advocated (Fig. 132.6E and F) (3). 
A bony margin of 1.5 to 2.0 cm is recommended for solid 
or multicystic ameloblastomas. When hard and soft tis- 
sue margins are negative, a cure rate of nearly 98% can 
be achieved. Recurrence rates as high as 90% have been 
reported when more aggressive ameloblastomas are inad- 
vertently, or inadequately, treated with curettage. A 5-year 
follow-up is required, but a 10-year follow-up is prudent. 
When metastases have been reported, the lesions were his- 
tologically benign like the primary tumor. These lesions 
are referred to as malignant ameloblastomas, although they 
do not show cytologic features typically associated with 
malignancy. When the primary lesion is found to con- 
tain cytologic features of malignancy, it is classified as an 
ameloblastic carcinoma. 


Peripheral Ameloblastoma 


The peripheral variant of the ameloblastoma is a soft tissue 
mass involving the gingiva and mucosa that often causes 
separation of involved teeth (31). If radiographs confirm 
involvement of the underlying alveolar bone, then a block 
resection containing the involved mucosa, underlying 
periosteum, alveolar bone, and teeth, is performed. A 1.0- 
to 1.5-cm margin of uninvolved tissue is recommended. 
An en bloc resection is not necessary if supportive radio- 
graphic studies confirm that sufficient bone will still exist 
after a sufficient margin of tissue is excised to avoid a 
pathologic fracture. 


Adenomatoid Odontogenic Tumor 


The AOT is a benign hamartoma of odontogenic epithe- 
lium characterized by slow, progressive growth. 


Clinical and Radiographic Features 

The AOT typically occurs in adolescent or teen females. 
It has a strong predilection for the anterior maxilla and 
is often associated with an unerupted canine tooth (32). 
Most AOTs are less than 3 cm in diameter, but they can 
approach significant size and cause pain and displace 
tooth roots. Radiographically, the AOT usually is a well- 
circumscribed unilocular radiolucency associated with an 
impacted tooth. Some lesions may have radiographically 
evident small foci of calcifications. Root resorption is rarely 
seen with the AOT, and is typically mild. 


Histopathology 

The AOT is highly cellular with spindle-shaped cells in 
whorls or rosettes (Fig. 132.7). Enameloid, dentinoid, or 
cementum-like material can be found throughout this 
lesion. These calcifications suggest the lesion’s development 


Figure 132.7 Adenomatoid odontogenic cyst. Odontogenic 
epithelium forming duct-like structures lined by columnar cells 
exhibiting reverse polarity. Calcifications, a common feature of this 
lesion, are seen in the lower right portion. 
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from Hertwig root sheath. These lesions can be mistaken 
for ameloblastoma by an inexperienced pathologist. If the 
demographic and radiographic features are not consistent 
with a diagnosis of ameloblastoma, a second opinion 
should be sought. 


Treatment and Prognosis 

Recurrence is not seen in this benign encapsulated lesion, 
so enucleation and curettage alone is curative. If the cap- 
sule is inflamed and becomes compromised during enucle- 
ation of the lesion, the surgeon should thoroughly irrigate 
the surgical field. Bony regeneration of the defect usually 
occurs in about 1 year in younger patients. 


Calcifying Epithelial Odontogenic Tumor 
(CEOT, Pindborg Tumor) 


The calcifying epithelial odontogenic tumor (CEOT) is a 
rare odontogenic tumor, representing less than 1% of all 
odontogenic tumors. It originates from the epithelial rests of 
the dental lamina or reduced enamel epithelium. The CEOT 
has distinct histologic features and a variable radiographic 
appearance. Like the ameloblastoma, it is considered a 
locally aggressive neoplasm that can be highly infiltrative 
and destructive and must be surgically excised (33,34). 


Clinical and Radiographic Features 

The CEOT has been reported in patients over a wide age 
range, but has a peak incidence in the fifth decade. It pres- 
ents as a slow-growing, firm, painless swelling usually in 
the posterior mandible. The molar area is the most frequent 
region in either jaw. Like most other benign odontogenic 
tumors, the CEOT does not alter nerve function. A periph- 
eral variant exists and typically presents as a soft tissue swell- 
ing in the anterior aspect of the mouth (35). Most of these 
lesions appear as diffuse radiolucent lesions, unless they are 
large or mature; then they will exhibit areas of faint opacities 
consistent with the presence of calcifications in the lesion. It 
is typically associated with the crown of an impacted tooth. 
Radiographic borders are variable, ranging from distinct 
lines to diffuse opacified areas fusing with adjacent bone. 


Histopathology 

The most common pattern of the CEOT is one of sheets or 
strands of polyhedral epithelial cells connected by inter- 
cellular bridges. The nuclei have prominent nucleoli, and 
the cells may even appear pleomorphic, but this does not 
imply a malignant state, and mitotic figures are not rou- 
tinely found. Scattered calcifications are a distinct feature 
of the CEOT, and the calcifications form concentric rings 
referred to as Liesegang rings. Another histologic variant 
containing clear cell features has been described and asso- 
ciated with increased clinical aggressiveness (36). Large 
areas of amorphous eosinophilic material are dispersed 
throughout the lesion. These areas stain positive for amy- 
loid with Congo red, crystal violet, or thioflavin T. This 
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prominent amyloid presence is another unique character- 
istic feature of the CEOT (37). 


Treatment and Prognosis 

Much like the ameloblastoma, the CEOT is treated by resec- 
tion, but no current study has stated an adequate bony mar- 
gin to achieve a cure. A minimum of a 1.0-cm bony margin 
along with any necessary soft tissue to still achieve one layer 
of an uninvolved anatomic barrier is recommended unless 
determined otherwise by a frozen section. Recurrence has 
been reported, so long-term follow-up is recommended. 
The peripheral variant is treated by local excision with a 
5-mm margin, which should include the underlying peri- 
osteum. The remaining wound may be closed either pri- 
marily or by local advancement flaps. 


Odontogenic Myxoma 


The odontogenic myxoma, although a rare tumor, is 
worthy of mention due to its locally aggressive behavior 
and high recurrence rate due to its infiltrative nature. In 
the jaw bones, it is derived from odontogenic ectomesen- 
chyme that is very similar to the mesenchymal tissue of the 
follicular sac or dental papilla. The odontogenic myxoma 
only rarely occurs in non-tooth-bearing portions of the 
jaws or other facial bones (38). 


Clinical and Radiographic Features 

The odontogenic myxoma has some clinical and radio- 
graphic features in common with the ameloblastomaa. It is 
usually asymptomatic and slow growing. It rarely displaces 
teeth or resorbs roots and does not alter sensory function. 
Although it has been reported over a wide age range, it is 
most commonly seen in the third decade, which is slightly 
younger than the peak occurrence of the ameloblastoma. The 
lesion has been reported in all portions of both jaws, but usu- 
ally occurs in the posterior mandible. Radiographically, the 
lesion is radiolucent and more often multilocular, but can be 
unilocular (Fig. 132.8). The lesion also has been described 
as having a “honeycomb” appearance, with its faint, wispy 
trabecular bone mixed within cortical plate displacement. 


Figure 132.8 Odontogenic myxoma. Panoramic radiograph 
revealing diffuse, mixed radiolucent/radiopaque involvement of left 
hemimandible. Lesion extends from midline up to sigmoid notch. 


2106 Section VII: Head and Neck Surgery 


Histopathology 

The odontogenic myxoma is an infiltrative and gelati- 
nous tumor. It contains scant, randomly arranged spin- 
dle-shaped mesenchymal cells within a myxoid ground 
substance, which stains predominantly basophilic with 
hematoxylin and eosin. When these lesions have a more 
significant collagenous component, they are referred to as 
myxofibromas or fibromyxomas. However, this classifica- 
tion does not alter the lesion’s clinical behavior. 


Treatment and Prognosis 

Curative treatment requires resection with a 1.0-cm bony 
margin and a layer of overlying soft tissue. The lesion is 
unencapsulated, so infiltration into adjacent bone is com- 
mon making recurrence likely if only enucleation and 
curettage is undertaken. Enucleation and curettage may 
be considered only for small, unilocular lesions (less than 
1 cm in diameter), but aggressive bony curettage is rec- 
ommended. The inferior alveolar nerve is not routinely 
sacrificed, even in large lesions that require an en bloc 
resection, unless the nerve has been significantly compro- 
mised by the lesion. 


Ameloblastic Fibroma 


The ameloblastic fibroma is a true neoplasm composed of 
both odontogenic epithelium and ectomesenchyme. The 
epithelium resembles dental lamina or ameloblastoma, 
and the mesenchyme resembles the developing dental 
papilla or myxoma. 


Clinical and Radiographic Features 

The ameloblastic fibroma is a tumor of young patients with 
rare occurrence over the age of 40. It presents as a painless 
swelling usually in the third molar region of the mandible. 
Enlargement of the affected jaw is the only frequent clini- 
cal sign. The lesion can be either a unilocular or multilocu- 
lar radiolucency with a sclerotic border. It often occurs over 
an unerupted tooth and can displace the tooth but does 
not cause root resorption. The ameloblastic fibroma does 
not have a pathognomonic radiographic feature and can 
resemble a dentigerous cyst. 


Histopathology 

Microscopically, the tumor consists of islands of odontogenic 
epithelium resembling the dental lamina and cap stage of 
odontogenesis. This columnar epithelium is palisaded and 
shows striking nuclear polarity similar to that of the amelo- 
blastoma (Fig. 132.9). The stroma is myxoid in appearance, 
resembling the dental papilla, a cell-rich myxoid tissue. 


Treatment and Prognosis 

The ameloblastic fibroma can be cured through enucleation 
and curettage since it is well encapsulated. Owing to its pre- 
dilection for young patients, the bony defect will repair itself 


Figure 132.9 Ameloblastic fibroma. Cords of odontogenic epi- 
thelium in a background of cellular, primitive mesenchymal tissue. 


within approximately 1 year. Larger lesions (greater than 
5 cm) may require a resection based on the specific anatomic 
boundaries involved. Reported recurrences were likely due 
to regrowth of the tumor, which is not completely unusual 
for embryonal-type tumors. A diagnosis of ameloblastic 
fibrosarcoma should be considered if this lesion recurs. 


RELATED JAW LESIONS 


Various nonodontogenic lesions of the jaws are worthy 
of mention due to their biologic behavior as well as the 
diagnostic and surgical challenges they pose. Some believe 
that these conditions may indeed be odontogenic because 
many are only found in the jaws even though they do not 
reveal histological features consistent with odontogenic- 
derived structures. 


Torus 


A torus is a developmental overgrowth rather than a tumor 
or hamartoma and is thought to arise due to bone stress 
(39). It develops in one of two intraoral sites. When it occurs 
on the midline of the palate, it is termed torus palatinus. 
When tori occur on the lingual aspect of the mandible, they 
are typically bilateral and adjacent to the canine/bicuspid 
region. These are termed torus mandibularis or lingual tori. 
When a histologically similar lesion develops on the buccal 
aspect of either jaw, the lesion is referred to as an exostosis. 


Clinical and Radiographic Features 

The palatal torus develops after puberty. It can be found in 
approximately 20% of adults and has a slow growth pattern. 
Palatal tori can either have a smooth ovoid appearance or 
multiple pedunculated loculations, but both presentations 
should have normal pink overlying mucosa. Tori can grow 
to large dimensions, impairing speech or feeding or pro- 
hibiting fabrication of a maxillary prosthesis (Fig. 132.10). 
Also, large lesions are often prone to mucosal ulceration 
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Figure 132.10 Palatal torus. 


from mastication. These larger lesions may require surgical 
excision. Mandibular tori are commonly bilateral and also 
have a slow growth pattern. They too can reach sizable 
dimensions, adversely affecting speech or feeding or the 
use of a lower prosthesis. 


Histopathology 
Tori consist of nodular masses of dense cortical, lamellar 
bone with central trabecular bone containing few areas of 
fibrofatty marrow. 


Treatment and Prognosis 

Tori only require removal if they interfere with normal 
function or the fabrication and placement of a prosthesis 
such as a denture. An elliptical or double-Y-shaped muco- 
sal incision is designed, and the lesion is taken down to 
the level of surrounding bone with a rotary instrument. 
The torus can also be scored in the shape of a cross with 
a surgical drill then removed with an osteotome and 
mallet. Care must be taken not to perforate through the 
nasal floor. A surgical stent can be created preoperatively 
so that the surgical site can be postoperatively protected 
from irritation from either the tongue or foods. Removal of 
mandibular tori requires attention to the submandibular 
salivary ducts when one is using an osteotome and mallet 
to excise these lesions. A drill can be used to make vertical 
cuts along the inner aspect of the torus between the lesion 
and the alveolus. An osteotome is then used to outfracture 
the torus. Then a rotary instrument is used to smooth the 
edges of the lingual shelf prior to closure of the flap. 


Osteoma 


Osteomas are hamartomas or reactive proliferations of bone 
and are not considered to be true tumors. They are com- 
posed of dense compact bone and arise either on the sur- 
face of bone (periosteal osteoma) or within bone (endosteal 
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osteoma). When multiple osteomas are present, one should 
consider that the patient may have Gardner syndrome, an 
autosomal dominant condition also associated with intesti- 
nal polyposis, epidermoid cysts, and desmoid tumors of the 
skin, impacted normal and supernumerary teeth, and odon- 
tomas (40). The formation of the osteomas will usually pre- 
cede other manifestations of the syndrome. If this syndrome 
is suspected, the appropriate referral should be made to rule 
out intestinal lesions, particularly polyps, which have a high 
rate of malignant transformation to colorectal cancer. The 
frequency of malignant transformation is essentially 100% 
in these patients as they reach older age. 


Clinical and Radiographic Features 

These slow-growing, asymptomatic exophytic bony masses 
occur in either jaw in areas not typically affected by tori 
or exostoses. The mandibular angle is a common location. 
The lesion is usually an incidental finding on routine radio- 
graphic evaluation and appears as a well-circumscribed 
radiopaque mass. 


Histopathology 

Osteomas have similar microscopic features as tori or exos- 
toses. The periosteum can be more active in the osteoma 
than the other two lesions. 


Treatment and Prognosis 

Asymptomatic single lesions can be followed clinically and 
radiographically. Those lesions requiring biopsy are surgi- 
cally excised with little chance for recurrence. 


Osteochondroma 


Osteochondromas are benign hamartomas that develop 
most commonly in long bones, but also occur in the man- 
dibular condyle or coronoid process (41). The lesion is 
believed to be associated with proliferation of epiphyseal 
cartilage into the surrounding tissues. 


Clinical and Radiographic Features 

The absence of this lesion in other portions of the mandi- 
ble, skull, or facial bones serves to confirm its development 
in endochondral bone. Osteochondromas are lesions 
of younger patients, usually occurring in the second and 
third decades, and are found in twice as many males as 
females. The lesion is slow growing and known to cause 
swelling and pain along with deviation of the teeth and 
chin point toward the unaffected side. Radiographically, it 
appears as an irregular “popcorn-like” radiopaque mass on 
the medial side of the condyle or replacing the coronoid 
process (Fig. 132.11A and B). 


Histopathology 

Osteochondromas are bony masses that have a cartilagi- 
nous cap. Endochondral ossification is noted between the 
cartilage and bone (Fig. 132.11C). 
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A: Osteochondroma. Panoramic radiograph of 
a 53-year-old man who presented with right preauricular swell- 
ing, discomfort, and left-sided shift in his occlusion. Radiograph 
demonstrates inhomogeneous lesion of right condyle that appears 
to have replaced entire normal bony architecture. B: Three- 
dimensional reformatted computed tomography (CT) scan of right 
side as viewed from below. Lateral and more extensive medial 
extension of the lesion is seen. C: Osteochondroma. Chondroid 
matrix with foci of developing osteocytes and osteoid. D: A right 
condylectomy was performed through a combined preauricular 
and retromandibular approach. A soft tissue capsule surrounding 
entire region was encountered. Specimen seen from anterior view. 


Treatment and Prognosis 

Lesions affecting the coronoid process are managed by a 
coronoidectomy with minimal removal of the attached 
temporalis muscle tendon. Lesions of the condyle are 
treated by condylectomy with a preauricular as well as a 
neck incision (Fig. 132.11D). Immediate reconstruction 
can be treatment planned with either a costochondral graft 
or an alloplastic condyle. Recurrence is very rare. 


Ossifying Fibroma (Cementoossifying Fibroma) 


Ossifying fibromas are true benign neoplasms of mes- 
enchymal origin that have a strong predilection for the 
tooth-bearing portion of the jaws, although they have been 
reported in long bones (42). This slow-growing expansile 
lesion can reach enormous dimensions resulting in pro- 
found facial disfigurement. 
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Clinical and Radiographic Features 

The typical patient with an ossifying fibroma is a woman in 
her second to fourth decade, although the lesion has been 
reported over a wide age range and in both sexes. Immature 
lesions initially present as a radiolucency, but become more 
mixed as they mature and eventually can become com- 
pletely radiopaque. More aggressive lesions expand the cor- 
tices of the jaws and frequently displace adjacent structures. 
In the mandible, they typically appear as a mid-body growth 
at the inferior border, enlarging outward and downward as 
if “hanging off the lower lateral border” of the mandible. 


Histopathology 

Ossifying fibromas are well demarcated from the sur- 
rounding bone and are composed of dense cellular fibrous 
tissue with variable amounts of calcified trabeculae of oste- 
oid or bone and/or spherical cementum-like structures 
(Fig. 132.12). The ossifying fibroma is usually well circum- 
scribed and does not exhibit diffuse infiltration of adjacent 
tissues, unlike fibrous dysplasia. 


Treatment and Prognosis 

These lesions are amenable to enucleation and curettage if 
detected early, or resection for larger lesions. Because ossi- 
fying fibromas do not display aggressive infiltration of sur- 
rounding tissues, for those requiring surgical resection due 
to large size or problematic location, a conservative 5-mm 
margin is appropriate, and recurrence is rare. The juvenile 
(aggressive) ossifying fibroma is a rare variant of the above 
and is considered a more aggressive lesion, appearing at a 
younger age with a predilection for the maxilla. 


Fibrous Dysplasia 


Fibrous dysplasia is not a true neoplasm; rather, it is a 
genetic, tumor-like condition where normal medullary 
bone is replaced with fibrous connective tissue mixed with 


Figure 132.12 Ossifying fibroma. Irregular trabeculae of bone 
are seen throughout a cellular, fibrous connective tissue stroma. 
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irregular bony trabeculae. Fibrous dysplasia most com- 
monly occurs in one bone (monostotic), or more rarely 
multiple bones (polyostotic). Polyostotic fibrous dysplasia 
may be seen as a component of McCune-Albright syndrome, 
which includes café-au-lait skin macules, and multiple 
endocrinopathies, including hyperthyroidism and/or pre- 
cocious puberty (43). Although genetically based, it is 
usually a sporadic condition involving a mutation in the 
a-subunit of a signal-transducing G protein. 


Clinical and Radiographic Features 

Fibrous dysplasia is a slow-growing, typically asymp- 
tomatic process that often produces a bony hard swell- 
ing (Fig. 132.13A-C). The condition can be self-limiting, 
beginning in the first decade and ceasing when the affected 
bone reaches maximum growth and maturation. It is capa- 
ble of tooth displacement with resultant malocclusion. 
Lesions located in the paranasal sinuses can cause nasal 
obstruction. Fibrous dysplasia involving the midface, 
calvarium, or skull base can cause progressive severe facial 
distortion and cranial nerve dysfunction via compression. 
In such individuals, serial visual acuity and audiology test- 
ing correlated with 1-mm cut computerized tomography is 
warranted to monitor progression and guide timing of any 
necessary surgical intervention. Early lesions are radiolu- 
cent but become more opaque as the lesion matures. The 
normal medullary bone is replaced with a fine trabecular 
bone, giving the lesion its “ground-glass” appearance on 
radiographs. Fibrous dysplasia does expand the cortices 
but does not displace the inferior alveolar canal. The mar- 
gins of the lesion are usually not well demarcated. 


Histopathology 

Fibrous dysplasia is seen microscopically as irregularly 
shaped trabeculae of woven bone in a background of a loose 
and cellular, fibrous connective tissue (Fig. 132.13D). Fibrous 
dysplasia has a distinctive microscopic picture of abnormal 
bone coalescing with the normal surrounding tissue, which 
is in contrast with the features of the ossifying fibroma. 


Treatment and Prognosis 

Fibrous dysplasia does not require surgery unless the 
lesion is disfiguring and the patient desires a more normal 
and esthetic appearance or rarely if there is cranial nerve 
dysfunction (44). Recontouring of the affected jaw or facial 
bone is performed rather than resection, and surgery is 
usually delayed until the affected bone has reached matu- 
rity (Fig. 132.13E). Reports of sarcomatous transformation 
have been documented, and recurrence is more likely if the 
lesion is treated during an active growth period. 


Central Giant Cell Lesion 


The central giant cell lesion (CGCL) is a locally aggressive 
benign lesion that occurs in both long bones and the jaws. 
Jaw lesions may have similar histopathologic features as 
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Figure 132.13 A: Fibrous dysplasia. Panoramic radiograph of a 
28-year-old man who presented with steadily increasing right man- 
dibular and facial enlargement, which had been monitored over 
several years’ time. Biopsies established diagnosis of fibrous dys- 
plasia. B: Coronal computed tomography (CT) scan of maxillofa- 
cial bones demonstrates frontal, maxillary, and mandibular bony 
involvement. C: Three-dimensional reformatted CT scan depicting 
the gross deformity of the right mandibular lesion. D: Fibrous dys- 
plasia. Curvilinear portions of woven bone, without appositional 
osteoblasts, in a background of connective tissue stroma. E: Gross 
specimen of the fibrous dysplasia. 
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those that appear in long bones, but the biologic behavior 
differs. The CGCL is an osteolytic lesion that has been 
referred to as a central giant cell reparative granuloma in 
the past, but current understanding is that it does not rep- 
resent a reparative process (45,46). 


Clinical and Radiographic Features 

CGCLs of the jaws most often are asymptomatic and are 
not recognized until they present as a painless swelling. 
A more aggressive form of the CGCL can cause pain or par- 
esthesia. Clinically, the condition can appear as a bluish 
mass as a result of the thinning of the overlying bone and 
mucosa and its highly vascular nature. Most cases develop 
in the second to third decades, and women outnumber 
men 2:1. The lesion favors the anterior region of the jaws, 
particularly the mandible, often crossing the midline, and 
is occasionally seen bilaterally. The CGCL appears as either 
a well-circumscribed radiolucency or a multilocular radio- 
lucency. Larger lesions can cause cortical displacement 
(Fig. 132.14A). The CGCL can also displace teeth, but root 
resorption is not typical. 


Histopathology 

The associated giant cells behave much like osteoclasts. 
Multinucleated giant cells varying in size and their num- 
ber of nuclei are dispersed throughout a background of 
spindled mesenchymal cells. The lesion is unencapsu- 
lated, and fibrous tissue is also present to varying degrees 
(Fig. 132.14B). Areas of hemorrhage and hemosiderin 
deposits are commonly found. Immunologic stud- 
ies support the biologic behavior and notion that the 
giant cells represent osteoclasts. Histologic features are 
not predictive of its biologic behavior, and the CGCL is 
identical to several other conditions affecting the jaws, 
including cherubism, the brown tumor of hyperparathy- 
roidism, and focal areas of fibrous dysplasia. Thus, it is 
prudent to rule out these similar lesions if the clinical 
features suggest that the lesion may be something other 
than a CGCL. 


Treatment and Prognosis 

Curettage is usually curative, but recurrent or larger lesions 
occasionally require resection (Fig. 132.14C and D). 
Recurrence becomes an issue if the lesion is associated with 
difficult removal—attachment to multiple roots or neuro- 
vascular structures, or larger, more vascular lesions. Several 
nonsurgical therapies have been reported with some degree 
of success. Intralesional steroid injections using triamcino- 
lone (10 mg/mL) weekly for 6 weeks is advocated by some 
as a first line of therapy (47). Another reported injectable 
therapy is calcitonin (48). The precise mechanism of action 
of calcitonin on the giant cell tumor is unknown, but the 
giant cells have been shown to have calcitonin receptors, 
and calcitonin somehow interferes with the progression of 
the tumor. 
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Aneurysmal Bone Cyst 


The aneurysmal bone cyst (ABC) is a rare, expansile osteo- 
lytic bone lesion. It contains large blood-filled spaces that 
do not have an endothelial or epithelial lining, and is thus 
not a true cyst. 


Clinical and Radiographic Features 

The ABC commonly occurs in the first three decades of 
life. They have a predilection for the posterior portions 
of the jaws. They present as firm swellings that can be 
diffuse. Teeth may become loosened and displaced, and 
root resorption may occur, but the teeth remain vital. 
Radiographically, ABCs are expansile, often multilocular, 
radiolucencies. The borders are usually well demarcated, 
but cortical perforations with extension into the soft 
tissues do occur. 


Histopathology 

The large blood-filled spaces are separated by connective 
tissue septa. Hemosiderin, bone, and osteoid can be found 
within the septa. Osteoclast-type multinucleated giant 
cells, similar to those found in the CGCL, are a common 
feature at the periphery of the lesion. Mitoses are com- 
monly found, but atypical forms are not. 


Treatment and Prognosis 

The ABC is managed by curettage, and intraoperative bleed- 
ing can become a challenge. Embolization may become 
necessary in select cases. 


Vascular Malformations 


Vascular malformations are developmental lesions that can 
affect soft tissue or bone. They do not present at birth like 
hemangiomas, which are actual neoplasms. Vascular mal- 
formations can be broadly classified as either arterial (high- 
flow) or venous (low-flow) malformations. Arteriovenous 
fistulas may also be considered high-flow lesions. 


Clinical and Radiographic Features 

Most vascular malformations within the jaws present 
as slow-growing, asymptomatic, expansile lesions (49). 
The associated teeth become clinically mobile and may 
even appear elevated. Thrills or bruits may be detectable 
on physical examination. When the tongue is involved, 
lingual veins become distended. Vascular malformations 
take on a variable radiographic appearance. Some may 
appear as well-circumscribed radiolucencies, whereas 
others may appear as more mixed radiolucent/radi- 
opaque. Tooth roots may be resorbed with high-flow 
lesions. A CT scan or MRI should be obtained to aid in 
ascertaining the extent of the lesion, and angiography is 
performed to assist in determining the primary vascular 
inflow and the presence of any contralateral vascular con- 
tributions. 
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A: Central giant cell lesion. Panoramic radiograph 
demonstrating expansive ill-defined lesion at right angle of man- 
dible. Patient noticed a gradually increasing swelling over the right 
mandible, while her occlusion was shifting to the left. B: CGCL. 
Numerous multinucleated giant cells in a background of plump, prim- 
itive mesenchymal cells. Abundant hemorrhage is seen throughout. 
C: A right hemimandibulectomy was performed via a right subman- 
dibular approach. The specimen demonstrates the well-vascularized 
appearance of the lesion. D: Post-op panoramic radiograph reveals 
reconstruction with an iliac crest bone graft. Endosseous implants 
were placed 7 months after initial graft. 


Histopathology 

Tortuous endothelium-lined, dilated vessels comprise the 
microscopic appearance of this condition. Adjacent smaller 
feeding vessels can also be seen in some cases. 


Treatment and Prognosis 

Any radiolucent lesion of the jaw, which might be clini- 
cally considered to be a vascular malformation, requires 
needle aspiration prior to biopsy or surgery to rule this 
condition out. Arterial malformations are treated with 
preoperative selective embolization followed by resection 
surgery. The purpose of embolization is to limit the blood 
flow to the lesion so as to minimize blood loss when the 
lesion is excised. A variety of materials can be used to 
embolize these lesions: coils, polyvinyl alcohol beads, or 
100% alcohol (50). Overaggressive embolization must 
be avoided to prevent ischemic necrosis and sloughing of 
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tissues. Hypotensive anesthesia can also be used to further 
reduce intraoperative bleeding. Venous malformations can 
be treated with coils or intralesional injections of scleros- 
ing agents. If adequate thrombosis is achieved, then the 
lesion can be curettaged. 


Collectively, odontogenic cysts and tumors do not occur 
with considerable frequency. Many of these lesions are 
amenable to surgical enucleation and curettage. Some of 
the cysts and tumors possess locally aggressive behavior 
and are capable of great tissue distortion and/or destruc- 
tion. Thus, they present challenges regarding their treat- 
ment and ultimate reconstruction. Long-term follow-up 
is advisable for many of these lesions, as recurrences 
do occur. 
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m= The most common inflammatory cyst is the radicular 
cyst. Treatment is tooth extraction and enucleation. 

m All cystic lesions should be aspirated prior to per- 
forming a biopsy to rule out a vascular lesion. 

m The dentigerous cyst is associated with the crown of 
an unerupted tooth. 

m= The WHO recommended reclassifying the OKC to 
KCOT to more appropriately reflect its aggressive 
behavior. 

u The basal cell nevus syndrome, an autosomal domi- 
nant condition, can manifest with multiple KCOTs. 

= Ameloblastoma, the most common odontogenic 
tumor, requires resection with one additional unin- 
volved margin when it grows into adjacent soft tissue. 

m Tori require removal only if they impair function or 
the fabrication of a prosthesis. 

m Asymptomatic osteomas need not be removed. 
Multiple osteomas may be indicative of Gardner 
syndrome. 

m Ossifying fibroma, a benign tumor, is amenable to 
curettage or resection with a close margin. 

= Fibrous dysplasia is not a neoplasm. Surgery is indi- 
cated in cases of disfigurement. Recontouring of the 
involved jaw bone may be appropriate. 

m= ABC is not a true cyst. Curettage is effective. 
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Treatment of Thyroid 
Neoplasms 


Irene Zhang 


It is estimated that 45,000 new cases of thyroid cancer were 
diagnosed and 1,690 of them will die of this disease in 
2010 (1,2). The lifetime risk of developing thyroid can- 
cer is 0.9%, and the annual incidence has increased from 
3.6 per 100,000 in 1973 to 10.2 per 100,000 in 2007 (1). 
This trend may be due to increasing use of neck ultrasound 
as well as other imaging modalities during routine physical 
exam. CI, MRI, or PET scans performed for other medical 
reasons can subsequently result in the detection of inci- 
dental benign and malignant thyroid nodules. Thyroid 
nodules are a common presentation of thyroid cancer. 
Although the prevalence of thyroid nodules is around 
50% at autopsy, and up to 67% detected by ultrasonog- 
raphy (US), only 5% to 10% of these are malignant (3,4). 
The challenge exists to identify the 5% to 10% of patients 
with malignancy of clinical significance. Recent advances 
in molecular markers for thyroid cancer have improved the 
ability to detect subsets of cancer with aggressive behav- 
ior and to assist in the setting of indeterminate fine-needle 
aspiration (FNA). The diagnosis and treatment of thyroid 
cancer have significantly evolved over last decade, empha- 
sizing the need for a thorough understanding of the under- 
lying molecular pathways and risk factors, as well as the 
surgical anatomy, diagnostic, and treatment algorithms 
necessary to provide excellent care for patients with thy- 
roid neoplasm. 


The thyroid gland originates from both primitive pharyn- 
geal and the neural crest cells. It is the first endocrine gland 
to develop in the human body. The medial portion of the 
gland derives from the endodermal diverticulum of the first 
and second pharyngeal pouches at the foramen cecum. It 
then descends to its pretracheal position along the midline 
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neck during 4 to 7 weeks of gestation, and the proximal 
portion degenerates into a fibrous stalk. If any of these por- 
tions persists, a thyroglossal duct cyst (TGDC) may result. 
The distal portion gives rise to the pyramidal lobe. The 
lateral portion of the gland derives from the fourth and 
fifth pharyngeal pouches, which descend to fuse with the 
medial portion of the gland. 

Parafollicular C cells originate from the ectoderm neu- 
ral crest cells as the ultimobranchial body, which secretes 
calcitonin. In mammals, the ultimobranchial body and 
medial portion of the fourth pharyngeal fuse into the 
lateral lobes of the thyroid. Because of this, the majority 
of C cells are located deep within the upper one-third of 
the lateral lobe, the most common location for medullary 
thyroid carcinoma (MTC). 

Ectopic thyroid tissue can be found anywhere along the 
course of its developmental descent in the midline anterior 
neck. Lingual thyroid can be found at its origin at the fore- 
men cecum due to failure to descend. Seventy percent of 
the patients with lingual thyroids have no thyroid tissue 
in the neck. Thyroid function should be evaluated before 
the surgical removal of the lingual thyroid glands. ATGDC 
is the most common congenital midline cervical anomaly. 
It may develop at any location along the thyroglossal duct 
tract, most commonly at the midline upper cervical loca- 
tion close to the hyoid bone. Rarely, this entity can occur 
in a lateral position. The hyoid bone divides this tract 
into upper and lower segments. Thus, surgical manage- 
ment of the TGDC (Sistrunk procedure) should remove 
the middle segment of hyoid bone to prevent recurrence. 
Preoperative imaging will aid in delineating the nature of 
a midline mass as well as identifying functional thyroid 
tissue prior to complete TGDC excision. High-resolution 
ultrasound, CT, and MRI are commonly used in detecting 
TGDC. Calcification seen in a CT scanning raises suspicion 
of papillary carcinoma arising from TGDC. 
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RISK FACTORS OF THYROID CANCER 


Risk factors for thyroid cancer have been studied exten- 
sively. They include age of the patient, gender, history of 
previous radiation, family history, environmental expo- 
sures, and molecular genetic factors. It has been widely 
accepted that papillary thyroid carcinoma (PTC) is twice 
as common in women as in men (5). Young patients have 
a better prognosis than older patients. The clinical presen- 
tation differs significantly in terms of the size, extent of 
the cancer, the presence and the number of lymph node 
metastases, and response to the treatment (6). Indeed, 
AJCC has incorporated age as part of the staging criteria for 
differentiated thyroid cancer (DTC). 

Although there is no clear association between dietary 
iodine supplementation and thyroid cancer, the pattern 
of thyroid cancer in iodine-sufficient areas differs signifi- 
cantly from iodine-deficient areas, with the shift from high 
proportion of follicular carcinoma to PTC (6,7). 

It is well established that exposure to ionizing radiation 
to the head and neck region during childhood increases 
the risk of thyroid cancer. Radiation therapy (RT) was 
once a therapy for tonsil and adenoid hyperplasia, thy- 
mic enlargement, acne, hemangioma, and Hodgkin dis- 
ease (mantle irradiation) to the head and neck. The risk 
of thyroid cancer often RT exposure is dose dependent and 
is greatest for children less than 15 years old. The 25-year 
follow-up after the Chernobyl accident demonstrated that 
children and adolescents exposed to radioiodine from the 
Chernobyl fallout have a substantial dose-related increase 
in thyroid cancer, with the risk greatest in those less than 18 
years old at exposure (8). Fortunately, the disease-specific 
mortality rate in this patient population is quite low, at 1% 
or less (9). The increased incidence of thyroid cancer in 
those greater than 18 years old during the Chernoby] fall- 
out is less definitive. 

A patient with a family history of thyroid cancer has an 
increased risk to develop thyroid cancer, and 5% to 10% 
of all thyroid carcinoma cases are hereditary (10). Gardner 
syndrome and Peutz-Jeghers syndrome are both associated 
with PTC. Cowden disease is associated with follicular thy- 
roid carcinoma (FTC). MEN IIA and MEN IIB are associ- 
ated with family history of MTC (11). 


MOLECULAR BASIS OF THYROID 
NEOPLASM 


The knowledge of molecular genetics and signaling path- 
ways in thyroid cancer has expanded in recent years. 
Numerous molecular alterations in thyroid cancer have 
been identified, and are actively studied in clinical trials 
as therapeutic targets for recurrent disease. Among them, 
four major mutations involved in development of differ- 
entiated thyroid cancer (DTC), BRAF and RAS point muta- 
tion, RET (REarranged during Transfection)/PTC, and 
PAX8/peroxisome proliferator-activated receptor y (PPARY) 


rearrangements, seem to have most relevant clinical impli- 
cations (12). Like many other malignancies, genetic altera- 
tions in the mitogen-activated protein kinase (MAPK) 
signaling pathway are involved in development of PTC 
(Fig. 133.1) (13). 

PTC often carries mutually exclusive BRAF and RAS 
point mutations and RET/PTC rearrangements, which are 
activated in MAPK signaling pathway. Mutation in one of 
these genes presents in more than 70% of PTC (14-16). 

BRAF point mutations have been reported in 40% to 
45% of PTC. BRAF V6OOE mutation has been found in 
70% to 80% of tall-cell variant of PTC and 60% of classical 
PTC and strongly correlated with aggressive features of this 
disease including extrathyroidal extension (ECE), lymph 
node, or distant metastases (14,17,18). BRAF VGOOE is 
not found in FTC or other benign thyroid nodules, which 
makes it a specific tumor marker of PTC. This associa- 
tion has also been reported in papillary microcarcinomas, 
which might have some clinical implications in the man- 
agement of these tumors (19). RET/PTC rearrangements 
are found in 20% of adult papillary carcinomas, most com- 
monly in patients with history of radiation (20,21). It is 
common in patients with history of radiation and young 
adults with PTC. However, it has been found in other 
benign thyroid lesions or hyalinizing trabecular tumors 
(21,22). In MTC, RET is activated by point mutation rather 
than chromosomal rearrangement, as found in PTC. Point 
mutations of the RAS genes (HRAS, KRAS, and NRAS) are 
found in FIC, PTC, and follicular adenoma. In thyroid car- 
cinoma, KRAS and NRAS are the most commonly altered. 
RAS mutations are found in 45% of follicular carcinoma 
and 10% papillary carcinoma (13). In the latter, PTC with 
RAS mutation is almost always of the follicular variant 
(12). These are also found in other follicular adenomas/ 
hyperplasia or goiters. PAX8/PPARy rearrangement is pres- 
ent in 35% of classic follicular carcinomas. RAS mutation 
and PAX8/PPARy rearrangement are rarely overlapping. 
Mutations in the RAS genes or PAX8/PPARg rearrangement 
occur in approximately 70% of FTC (23). 

Compelling data indicate that molecular testing of thy- 
roid FNA specimens may significantly improve the accu- 
racy of preoperative cytologic diagnosis of thyroid nodules, 
especially in the subgroups including follicular lesion of 
indeterminate significance (FLUS), follicular neoplasm, 
and suspicious for malignancy. Current ATA guidelines rec- 
ommend that the molecular test results may be considered 
for indeterminate FNA cytology to help guide the manage- 
ment of those patients. The feasibility and diagnostic utility 
of molecular testing in FNA of thyroid nodules has been 
reported in a recent large prospective study including 470 
FNA samples. Molecular testing demonstrated 100% accu- 
racy for malignancy in all mutation-positive FLUS cases 
(24). BRAF was the most common mutation and had 
100% positive predictive value (PPV) for PTC, whereas 
RAS mutation confers 87.5% probability of malignancy 
(24). In light of the finding in this study, the patients with 
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mutation-positive and cytologic indeterminate nodules are 
considered for total thyroidectomy, especially with BRAF 
mutations, to reduce the need for intraoperative pathologic 
consultation and to avoid a second surgery. In addition to 
the diagnostic value of molecular testing, the aggressive 
behavior of BRAF-positive PICs provides prognostic infor- 
mation to refine patients’ management, including consid- 
eration of central neck dissection. Although still early in 
clinical application, the expanding knowledge of thyroid 
tumor biology has started translating into clinical practice, 
and molecular testing in thyroid FNA will be a valuable tool 
for diagnosis and better prognostication of thyroid cancer. 


EVALUATION OF THYROID NODULES 


Most commonly thyroid neoplasms present as either 
palpable thyroid nodules or nonpalpable nodules inci- 
dentally found by imaging studies, so-called inciden- 
talomas. These “incidentalomas” carry the same risk 
of malignancy as palpable nodules with the same size. 
Generally, any nodule greater than 1 cm warrants evalua- 
tion. Occasionally, subcentimeter nodules with worrisome 
ultrasound features, previous history of head and neck irra- 
diation, family history of thyroid cancer, or associated neck 
lymphadenopathy require further evaluation. Recent stud- 
ies demonstrated 27% to 42% risk of malignancy in focal 
or unilateral uptake in 'SFDG-PET scan (25-27). The term 
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Figure 133.1 MAPK signaling pathway is activated 
by binding of growth factors to receptor tyrosine 
kinases (RTKs), such as RET. The activated receptor, 
via a series of adaptor proteins, leads to activation of 
RAS, BRAF, and subsequently MAPK/ERK pathway, 
which regulates cell differentiation, proliferation, and 
survival. Alteration of this pathway in thyroid cancer 
can occur at different levels as a result of BRAF and 
RAS point mutation or RET rearrangement. (From 
Nikiforov YE. Thyroid carcinoma: molecular pathways 
and therapeutic targets. Mod Patho! 2008;21:S37- 
$43 with permission.) 


“PAINS” (PET-Associated Incidental Neoplasm) was intro- 
duced, and the prompt evaluation and treatment of these 
patients are warranted (28). 


Clinical Assessment 


For patients presenting with a thyroid nodule, a thorough 
history and physical examination should be performed. 
Pertinent elements increasing the possibility of malignancy 
in the history are previous history of irradiation to the 
neck, history of thyroid cancer in first-degree relatives, rapid 
growth, dysphasia, hoarseness, male gender, and presenta- 
tion at extreme age (less than 20 or older than 70) (29). 

The worrisome findings on physical examination which 
raise concern for malignancy are size of the nodules greater 
than 4 cm, lateral cervical lymphadenopathy, vocal cord 
immobility, and fixation of the nodule to surround struc- 
tures. The accuracy of physical examination may be limited 
by the patient’s body habitus, and further imaging may be 
of value for the patients with large BMI or posterior located 
nodules. 


Laboratory Studies 


Most patients with thyroid nodules are euthyroid. A serum 
thyroid stimulating hormone (TSH) level should be 
obtained as part of the evaluation. Subsequent T3, T4, and 
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a radionuclide thyroid scan should be obtained for those 
with a low TSH to further evaluate the thyroid function. 
Thyroglobulin (Tg) level is not routinely measured as ini- 
tial evaluation of thyroid nodule due to its lack of sensitiv- 
ity and specificity as a screening tool. Serum calcitonin level 
and urine metanephrine should be obtained in patients with 
family history of medullary thyroid cancer or MEN IIA or LIB. 


Imaging Modalities 


Ultrasound 

High-resolution thyroid ultrasound should be performed 
in all patients with thyroid nodule(s) to assess the thyroid 
bed, central compartment, as well as lateral neck, accord- 
ing to the 2009 ATA guideline. US helps to confirm the 
presence of a nodule corresponding to the physical exami- 
nation, size of the nodule(s), presence of other nodules in 
the thyroid bed and/or lymphadenopathy in lateral necks, 
components of the nodule(s) (cystic vs. solid), and poste- 
riorly located nodules. It also plays an important role for 
monitoring the interval changes of preexisting nodule(s) 
and posttreatment surveillance for thyroid cancer. In addi- 
tion, it allows identification of certain suspicious ultra- 
sound features suggesting malignancy. Although no single 
sonographic finding is pathognomonic for thyroid malig- 
nancy, certain ultrasound features of thyroid nodule are 
associated with higher probability of malignancy (30,31). 
These include hypoechogenicity, increased intranodu- 
lar vascularity, irregular or infiltrated margins, presence 
of microcalcifications, absence of halo (for papillary car- 
cinoma), and length greater than the width in transverse 
dimension. The sonographic features highly predictive of 
benign nodules are pure cystic, coarse calcifications, and 
regular margins. These features also help to select appro- 
priate nodule(s) and/or site within the nodule (cystic vs. 
solid) to aspirate for fine needle aspiration biopsy (FNAB). 


Radionuclide Thyroid Scan 

The role of radionuclide scanning in the initial workup of a 
thyroid nodule is limited. It is indicated in a nodule(s) with 
low TSH to determine the functional status of the nodule, 
since the rate of malignancy in hyperfunctioning thyroid 
nodule is less than 1%. A hyperfunctioning nodule demon- 
strated on a radionuclide scan obviates the need for FNAB. 


CT, MRI, and PET/CT 

Unlike high-resolution, US, CT, or MRI imaging are insen- 
sitive for intrathyroid nodule(s), and routine use is rarely 
indicated in initial workup for thyroid nodule(s). However, 
both CT and MRI are excellent to evaluate the mediastinal 
extension or to assess, trachea, esophageal, and/or extra- 
thyroid invasion. CT with contrast as a preoperative evalu- 
ation will delay potential postoperative radioactive iodine 
(RAI) therapy by roughly 3 months. Although PET/CT has 
been used in initial staging of oncocytic (Hurthle cell) car- 
cinoma or poorly differentiated thyroid carcinomas, it is 


not indicated in initial workup for a thyroid nodule. On 
the other hand, PAINs deserves prompt evaluation due to 
its substantial risk of malignancy. Although, some suggest 
that PET/CT might play a role to reduce the need of diag- 
nostic lobectomy for nodules with inconclusive cytologic 
results due to its high negative predictive values, further 
study is needed before this expensive test becomes univer- 
sally accepted. 


Fine-Needle Aspiration and Molecular 
Markers 


FNA is the procedure of choice to evaluate the thyroid nod- 
ule and may be performed via palpation or via US guid- 
ance. According to 2009 ATA guideline, FNA is indicated in 
following situations: 


1. Any nodule with high-risk history if it is greater than 
5 mm, with microcalcification, or any abnormal cervi- 
cal lymph nodes 

2. Greater than 1-cm solid nodule 

3. Greater than 1.5-cm mixed nodule with any suspicious 
ultrasound features 

4. Greater than 2.0-cm spongiform nodules or mixed 
nodule without any suspicious ultrasound features 


FNA is not indicated for pure cystic nodule. In case of 
multinodular gland, preference should be given to those 
hypo- or isofunctioning nodules with suspicious ultra- 
sound features. The diagnostic accuracy is improved with 
US-guided FNA because of a decreased number of inad- 
equate samples or false negative results (32). According to 
2009 ATA guidelines, US-guided FNA is recommended for 
nonpalpable nodules, predominately cystic nodules, and 
posterior nodules. The cytologic results from FNA should 
be reported under six categories to reflect the risk of malig- 
nancy according to 2007 Bethesda system for reporting 
thyroid cytopathology (Table 133.1) (33). PTC can be reli- 
ably diagnosed from FNA due to its characteristic nuclear 
features. Benign or malignant follicular neoplasm cannot 
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133.1 FOR REPORTING THYROID 
. CYTOPATHOLOGY 

Diagnostic Category Risk of Malignancy (%) 
Nondiagnostic or unsatisfactory 1-4 
Benign 0-3 
Atypia of undetermined 5-15 

significance or FLUS 
Follicular neoplasm or suspicious 15-30 

for a follicular neoplasm 
Suspicious for malignancy 60-75 
Malignancy 97-99 


Modified from Cibas ES, Ali SZ. The Bethesda system for reporting 
thyroid cytopathology. Am J Clin Patho! 2009;132:658-665. 


be distinguished on cytology alone, because capsular or 
angiolymphatic invasion is required to make the diagnosis, 
which cannot be assessed from cytopathology. 

As discussed before, recent advances in molecular test- 
ing in thyroid FNA specimens have enhanced the ability 
to distinguish malignant from benign nodules. The most 
commonly studied molecular markers in thyroid neoplasm 
are BRAF and RAS point mutations, as well as RET/PTC and 
PAX8/PPARY rearrangements. Although the exact indica- 
tions of molecular testing need to be defined, it seems that 
most clinical utility lies in assisting the decision making 
between thyroid lobectomy and total thyroidectomy when 
the cytology is under the category of “follicular neoplasm” 
or “follicular lesion of undetermined significance (FLUS).” 
Also, BRAF VG00E-mutated cancers may be considered for 
central neck dissection, particularly if greater than 1 cm, to 
reduce the need for reoperation. 
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Workup 


The authors have proposed the algorithm in Figure 133.2 
for workup of a thyroid nodule. It is based on the 2009 
American Thyroid Association guideline, 2009 Bethesda sys- 
tem for reporting thyroid cytopathology, and the most recent 
advances in thyroid FNA molecular basis of thyroid cancer. 

Any symptomatic thyroid nodule should be evaluated 
with TSH level and diagnostic ultrasound. Thyroid uptake 
scan should be ordered in those with low TSH levels. The 
patients with hyperfunctioning nodule can be worked up 
by an endocrinologist, and no FNA is recommended. FNA 
is indicated in the patients with normal or high TSH. 

A repeat FNA should be performed if FNA is reported 
as “unsatisfactory.” Patients who have a benign FNA 
report can be followed. There is a 3% false negative rate. 
Annual US is used to monitor the nodule for growth or 
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Figure 133.2 Workup of a thyroid nodule. Asterisk based on following data from University of 


Pittsburgh Medical Center: 


1. Ohori NP, Nikiforova MN, Schoedel KE, et al. Contribution of molecular testing to thyroid fine- 
needle aspiration cytology of “follicular lesion of undetermined significance/atypia of undeter- 
mined significance”. Cancer Cytopatho!l 2010;118(1):17-23. 
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2098. 


3. Menta V, et al. Head and Neck 2012; September 13, in press. 
4. Bomeli SR, LeBeau SO, Ferris RL. Evaluation of a thyroid nodule. Otolaryngol Clin North Am 


2010;43(2):229-238. 
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development of suspicious sonographic features for malig- 
nancy, at which time a repeat FNA is warranted. Total 
thyroidectomy is recommended when the FNA report 
indicates malignancy. The FNA has a sensitivity of 97% 
to 99% (9). Recent prospective data from University of 
Pittsburgh Medical Center demonstrated 100% PPV and 
100% specificity for BRAF-positive “follicular neoplasm” 
or “suspicious for malignancy” FNA (15). Another study 
showed 100% PPV in mutation-positive “FLUS” group, 
while the probability of malignancy for mutation-negative 
FLUS group is only 7.6% (34). The asterisk part in Figure 
133.2 reflects our clinical practice based on above findings. 
Currently, it has not yet been fully validated or universally 
accepted. We believe the treatment algorithms will change 
in the near future as more data accumulate and molecular 
testing becomes more widely available. 


OVERVIEW OF THYROID NEOPLASM 
Thyroid Adenoma 


Thyroid adenomas are true benign thyroid neoplasms, dis- 
tinctly separate from surrounding thyroid tissue. They are 
often encapsulated and arise from normal thyroid follicu- 
lar cells, in multinodular goiter or in thyroiditis. Clinically, 
patients usually are asymptomatic, and the nodule is often 
found in routine physical examination. Spontaneous 
bleeding into the adenoma may cause sudden increase in 
size and pain. Follicular adenomas are the most common. 
Other types include oncocytic (Hurthle cell) adenoma, 
hyalinizing trabecular adenoma, and nodular adenoma- 
tous goiter. Thyroid adenomas with benign FNA results 
warrant follow-up due to the false negative rate of 5% (35). 
Nodule growth during the follow-up warrants repeat FNA. 
The 2009 ATA guidelines recommend serial US every 6 to 
18 months following initial FNA. The follow-up interval 
can extend up to 3 to 5 years if the nodule is stable over 
time. Routine TSH suppression is not recommended for 
benign thyroid nodules. If surgery is indicated, the mini- 
mal surgical intervention should be thyroid lobectomy. 


Papillary Carcinoma 


PTC is the most common type of malignant thyroid neo- 
plasm, both in adult and children. It is twice as common in 
women as in men (5). The hallmark for PTC is its papillary 
architecture, psammoma bodies, and characteristic nuclear 
features. The distinct nuclear features include nuclear 
grooves, nuclear pseudo-inclusions, powdery chromatin, 
and micronucleoli. These features allow a diagnosis of 
PTC based on cytology of FNA. Several histologic variants 
of PTC have been identified, including papillary thyroid 
microcarcinoma, follicular variant, encapsulated variant, 
diffuse sclerosing variant, and oxyphilic cell variant and 
two aggressive types—tall cell and columnar cell variant. 
Most patients present with a slow growth neck mass. 
Thirty-five percent PTC were found to have cervical lymph 
nodes involvement at the presentation. Multicentric 


involvement and ECE are common. Previous exposure to 
ionizing radiation, especially during childhood, is well- 
established risk factor for papillary carcinoma. Although 
most of the cases are sporadic, several syndromes involving 
familial PTC have been described, which include Cowden 
syndrome and familial adenomatous polyposis coli. 


Follicular Carcinoma 


FTC is more aggressive compared with PTC. It is more 
prevalent in iodine-deficient regions. Although most radi- 
ation-induced thyroid cancers are papillary carcinoma, 
it also plays a role in development of FTC. There are two 
types of FIC: minimally invasive and widely invasive, each 
of which carries different prognosis. Diagnosis of FIC is 
based on capsular and lymphovascular invasion, which 
makes this entity almost impossible to diagnose based on 
cytology or frozen section. 

The clinical presentation is similar to PTC. The inci- 
dence of nodal involvement at presentation is lower than 
papillary carcinoma, ranging from 15% to 20%. However, 
the incidence of distant metastasis at presentation is more 
common than PTC, ranging from 10% to 15% (36,37). 
The most common sites of metastasis are lung and bone. 


Hurthle Cell Carcinoma 


Oncoytic (formerly Hurthle cell carcinoma, HCC) is 
uncommon and currently considered as a variant of fol- 
licular carcinoma according to World Health Organization 
classification. It is twice as common in males as in females. 
Hurthle cells are large follicular epithelial cells with dense 
eosinophilic cytoplasm. Similar to follicular carcinoma, 
diagnosis of HCC is based on its capsular and vascular 
invasion. The incidence of lymph node involvement is 
around 6% to 9%. HCC has the highest rate of distant 
metastases compared to PTC and conventional type FIC. 
Thirty-four percent of HCC developed distant metastases, 
and most common sites are lung and bone (36,38). 


Anaplastic Carcinoma 


Anaplastic thyroid carcinoma, accounting 1% to 3% of 
primary thyroid malignancy, is the most aggressive thyroid 
neoplasm. It is more common in women than in men, 
affecting patients in their fifth or sixth decades. Many cases 
are associated with preexisting papillary or follicular carci- 
nomas, or preexisting goiter. Thirty percent cases are found 
in the specimen of well-differentiated carcinoma. 

Patients usually presented with rapid growing neck 
mass with symptoms of airway obstruction and/or dys- 
phasia. On physical exam, the tumor is usually large, firm, 
and fixed to surrounding structures and may result in tra- 
cheal/esophageal invasion, unilateral or bilateral vocal cord 
paralysis, and carotid artery and sympathetic trunk involve- 
ment. Distal metastases are not uncommon. Anaplastic 
carcinoma must be differentiated from lymphoma, which 


presents with a similar clinical picture. Airway control is the 
important measure for these patients. Overall, prognosis is 
extensively poor. Treatment protocols include doxorubicin 
and external bean RT. In some situations, surgical debulking 
might be an option for the purpose of airway management. 
Surgical cure may occur when an anaplastic carcinoma is 
encountered prior to infiltration and metastasis. 


Lymphoma 


Thyroid lymphoma accounts for less than 5% of thyroid 
malignancy and can arise from preexisting Hashimoto 
thyroiditis. The majority of thyroid lymphomas are non- 
Hodgkin B cell lymphoma. The clinical presentation is 
similar to anaplastic carcinoma. Patients usually have rapid 
response to chemotherapy with or without radiation. The 
most common chemotherapy regimen is CHOP (cyclo- 
phosphamide, doxorubicin, vincristine, and prednisone). 
Surgery is not a primary treatment modality, and its role is 
limited to the diagnosis of lymphoma. 


Other Forms of Thyroid Cancer 


Primary squamous cell carcinoma of the thyroid has 
been reported. In these situations, metastases from other 
sites should be ruled out. Other cancers metastasizing 
to thyroid can occur. The primary sites include renal cell 


TABLE 
TNM STAGING FOR THYROID CANCER 


133.2 


Primary tumor (T) 
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carcinoma, breast, bronchogenic carcinomas, ovarian 


cancer, and melanoma. 


STAGING AND PROGNOSTIC 
CLASSIFICATIONS 


Both histologic diagnosis and age were considered impor- 
tant factors for tumor behavior and prognosis for DTC 
and therefore included in the AJCC classification. Separate 
grouping systems are recommended for DTC (papillary 
and follicular), medullary, and anaplastic (or undifferenti- 
ated) thyroid carcinoma (Tables 133.2 and 133.3). 

In thyroid cancer, the AJCC staging system does not 
include several other prognostic factors, such as histologic 
grade. Although many other risk stratification systems 
(AGES, AMES, MACIS, etc.) have been developed to address 
this issue, none of these prognostic classifications is able to 
encompass all risk factors. In addition, these classifications 
do not apply to patients with MTC or anaplastic carcinomas. 


INITIAL SURGICAL MANAGEMENT 
OF DTC 


Surgical Techniques 


Some important steps must be taken in order to ensure a 
successful thyroid surgery. Preoperative laryngoscopy to 


Tx Primary tumor cannot be assessed 

TO No evidence of primary tumor 

T1 Tumor 2 cm or less in greatest dimension limited to thyroid 
Tla Tumor 1 cm or less, limited to thyroid 


Tib Tumor more than 1 cm but not more than 2 cm in greatest dimension, limited to the thyroid 

T2 Tumor more than 2 cm but not more than 4 cm in greatest dimension, limited to the thyroid 

T3 Tumor more than 4 cm in greatest dimension limited to the thyroid, or any tumor with minimal extrathyroid extension 
(e.g., extension to sternothyroid muscle or perithyroid soft tissue) 

T4a Moderate advanced disease—tumor of any size extending beyond the thyroid capsule to invade subcutaneous soft 
tissues, larynx, trachea, esophagus, or RLN 

T4b Very advanced disease—tumor invades prevertebral fascia or encases carotid artery or mediastinal vessels 


All anaplastic carcinomas are considered T4 tumors 


T4a Intrathyroidal anaplastic carcinoma 

T4b Anaplastic carcinoma with gross extrathyroid extension 

Regional lymph nodes (N) 

Nx Regional lymph nodes cannot be assessed 

NO No regional lymph node metastasis 

N1 Regional lymph node metastasis 

Nia Metastasis to level VI (pretracheal, paratracheal, and prelaryngeal/Delphian lymph nodes) 

N1b Metastasis to unilateral, bilateral, or contralateral cervical (levels I, Il, Ill, IV, or V) or retropharyngeal or superior 


mediastinal lymph nodes (level VII) 


Distant metastases (M) 
MO No distant metastasis 
M1 Distant metastasis 


From American Joint Committee on Cancer: AJCC Staging Manual. 7th ed. Springer, 2009. 
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TABLE 
STAGE GROUPINGS 


133.3 


Differentiated (papillary or follicular) 
Under 45 years 


Stage | Any T Any N MO 
Stage Il Any T Any N M1 
45 years and older 
Stage | T1 NO MO 
Stage Il T2 NO MO 
Stage Ill T3 NO MO 
T1 Nia MO 
T2 Nia MO 
T3 Nia MO 
Stage IVA T4a NO MO 
T4a Nia MO 
T1 N1b MO 
T2 N1b MO 
T3 N1b MO 
T4a N1b MO 
Stage IVB T4b Any N Mo 
Stage IVC Any T Any N M1 
Medullary carcinoma (all age groups) 
Stage | T1 NO MO 
Stage Il T2 NO MO 
T3 NO MO 
Stage Ill T1 Nia MO 
T2 Nia MO 
T3 Nia MO 
Stage IVA T4a NO MO 
T4a Nia MO 
T1 N1b MO 
T2 N1b MO 
T3 N1b MO 
T4a N1b MO 
Stage IVB T4b Any N Mo 
Stage IVC Any T Any N M1 


Anaplastic carcinoma 
All anaplastic carcinomas are considered stage IV 


age IVA T4a Any N MO 
age IVB T4b Any N Mo 
tage IVC Any T Any N M1 


YVmlnnn 


rom American Joint Committee on Cancer: AJCC Staging Manual. 
h ed. Springer; 2009 


visualize the vocal cords should be performed for every 
patient prior to thyroid surgery. This is especially impor- 
tant for revision surgery. Patients with vocal cords paralysis 
or symptoms of dysphagia should be thoroughly evalu- 
ated by thin-cut CT scan to assess for tracheoesophageal 
invasion. Patients with hyperthyroidism warrant medical 
management to avoid intraoperative and postoperative 
complications. Pheochromocytoma must be ruled out pre- 
operatively in patients with MTC. 

The patient should be placed in supine position with 
neck fully extended and adequate head support. A trans- 
verse incision along a skin crease below the cricoid carti- 
lage is made and carried down to the platysma. The exact 


length and level of the incision depends on the location 
of the nodule and glands, habitus of the patients, and 
extent and approach of the surgery. Subplatysmal flaps are 
elevated superiorly to the level of the cricoid cartilage and 
inferiorly to the clavicle. 

The midline cervical fascia was dissected to expose 
trachea, isthmus, and cricoid cartilage. The sternothy- 
roid muscle is dissected off the thyroid gland capsule 
and retracted laterally to expose the entire thyroid gland. 
Occasionally, the strap muscle can be divided to gain 
access to a large superior pole nodule. This should be reap- 
proximated toward the end of the case. An avascular plane 
between cricothyroid muscle and superior pole was devel- 
oped, and superior vessels should be meticulously ligated 
and divided close to the gland to avoid the injury to supe- 
rior laryngeal nerve (SLN). At this point, the thyroid gland 
was retracted medially and anteriorly to facilitate identifi- 
cation of recurrent laryngeal nerve (RLN) and parathyroid 
glands (Fig. 133.3). 

To successfully identify and preserve the RLN, the 
knowledge to RLN is key to a thyroid surgeon. On the right 
neck, RLN loops around right subclavian artery and follows 
an oblique course. On the left neck, RLN traverses the duc- 
tus arteriosus and follows a more medial course, running 
along the tracheoesophageal groove. The RLN can be iden- 
tified superiorly at the laryngeal entry point, (cricothyroid 
joint), at a lateral approach, at midpole level, or inferior 
approach where the RLN is found in the triangle bounded 
by trachea medially, inferior pole superiorly, and carotid 
sheath laterally. Preservation of the parathyroid glands is 
the key for thyroid surgery. The relationship between para- 
thyroid glands and RLN is demonstrated in Figure 133.4. 
Superior parathyroid glands are immediately posterior and 
lateral to the entry point of RLN. Caution should be taken 
to preserve the parathyroid glands and its blood supply 
when we dissect RLN using superior approach. The rate of 
permanent RLN paralysis is 1% in experience hands. After 
RLN is identified, it is traced to its laryngeal entry point. 
The middle thyroid vein and inferior thyroid vessels are 


Figure 133.3 Exposure of the lateral border of the thyroid 
showing the relationship of the RLN to the inferior thyroid artery 
and parathyroid glands. (From Randolph G. Surgery of the thyroid 
and parathyroid glands. Philadelphia, PA: WB Saunders, 2003, with 
permission.) 


— 


A 


Figure 133.4 Coronal plane formed by the RLN and its relation- 
ship to parathyroid glands. (From Randolph G. Surgery of the thy- 
roid and parathyroid glands. Philadelphia, PA: WB Saunders, 2003, 
with permission.) 


dissected and ligated near the gland to preserve parathy- 
roid blood supply. The thyroid is dissected medially from 
its cervical attachments after Berry ligament is carefully 
dissected. Dissection at this area might be difficult due to 
potential bleeding and close association between Berry 
ligament and distal course of the RLN. This is also the area 
where small remnant of thyroid tissue should not be left 
after total thyroidectomy. For a total thyroidectomy, the 
similar steps are repeated on the contralateral side. 

Every effort must be made to preserve the function of 
parathyroid glands. Autotransplantation should be per- 
formed if a parathyroid gland becomes devascularized 
intraoperatively. A small portion of suspicious parathyroid 
gland is sent for frozen section to obtain histologic confir- 
mation, especially in the situation of thyroid carcinoma. 
Once the confirmation is obtained, the remaining gland is 
minced into small pieces and autotransplanted into ipsi- 
lateral sternocleidomastoid muscle. Autotransplantation 
of parathyroid glands is also indicated if extensive nodule 
disease is seen in central neck compartment with high like- 
lihood for reoperation. 

As the specimen is removed, it should be examined care- 
fully for the presence of any parathyroid glands before the 
thyroid specimen is sent to pathology. Homeostasis was 
then achieved meticulously, and neck should be closed with 
multiple layers after the strap muscles are reapproximated. 
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The indication of routine use of RLN monitoring varies 
between different institutions. It may be useful if any dif- 
ficulty is anticipated to identify the RLN, especially in reop- 
erative cases, large tumor or goiters, and extensive central 
compartment dissection. 


Novel Approaches to Thyroid Glands 


With the advancement of technology, many novel 
approaches to thyroid surgery have developed during last 
decade. Among them, minimally invasive video-assisted 
thyroidectomy (MIVAT) has gained considerable attention 
and controversy (39,40). The indications for MIVAT include 
indeterminate nodules (less than 3.5 cm), no previous neck 
surgery, no evidence of metastasis, and small, low-risk PTCs 
(2). The oncologic efficacy of this approach continues to 
be debated. Other approaches including anterior chest and 
transaxillary approaches and transoral video-assisted thy- 
roidectomy have been described to avoid cervical incision. 
These approaches are used in very limited situations for 
cosmetic purpose only (41,42). In recent years, transaxillary 
robotic thyroidectomy is evolving through extensive trans- 
axillary approach to avoid cervical incision, which might 
be more important in some Asian countries for culture and 
cosmetic purpose (43). It is still too early to predict the level 
of adoption in North America. These approaches should be 
considered with caution to provide equal surgical outcomes 
in comparison to conventional open approaches. 


Extent of Surgery 


Surgery is the primary treatment modality for thyroid neo- 
plasms. The goal of initial surgery is to eradicate all gross 
disease; to reduce local, regional, or distal recurrence; and 
to facilitate possible RAI therapy if required. The minimum 
thyroid surgery should be lobectomy. Total thyroidec- 
tomy is generally indicated in patients with thyroid can- 
cer greater than 1 cm and some subcentimeter PTC with 
high-risk group and/or poor prognosis molecular altera- 
tion. Thyroid lobectomy may be sufficient for small (less 
than 1 cm), low-risk, and intrathyroidal papillary carcino- 
mas. Although there is no survival benefit based on dif- 
ferent surgical treatment for patients with less than 4 cm, 
intrathyroidal tumors, several studies found that the rates 
of recurrence are reduced by total thyroidectomy among 
low-risk patients (43-45). 


Special Surgical Considerations 


Management of the Regional Lymphatics 

Regional lymph node metastases are more common in 
PTC and less common in FIC. Data are conflicting for the 
relationship between cervical lymph node metastases and 
overall survival. A recent SEER registry study concluded 
that cervical lymph node metastases conferred an inde- 
pendent risk of decreased survival only in patients with 
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FTC and in PTC patients over 45 years of age. The 2009 
ATA guidelines recommend consideration of central neck 
dissection for patients with clinically involved central or 
lateral neck lymph nodes along with total thyroidectomy 
or completion of thyroidectomy. Elective central neck dis- 
section is recommended in T3 or T4 PTC patients with 
clinically uninvolved central neck lymph nodes and MTC 
patients. Therapeutic lateral neck dissection should be per- 
formed for biopsy-proven lateral cervical metastases. 


Recurrent Laryngeal Nerve Invasion 

Surgical sacrifice of the RLN is rare. If carcinoma of RLN 
by carcinoma is found intraoperatively and preoperative 
vocal cord paralysis is present, the RLN may be sacrificed. 
If the RLN is involved and preoperative nerve function is 
normal, it should be saved and dissected to be as free of 
gross disease as possible. Microscopic disease should then 
be treated with postoperative RAI therapy. RLN sacrifice 
should be considered if it is involved in MTC due to the 
lack of treatment response of MTC to RAI therapy. 


Tracheal and/or Esophageal Invasion 

For patients with tracheal and/or esophageal invasion, 
optimal treatment dictates surgical resection if feasible, 
including postoperative RAI therapy or external beam radi- 
ation. Shaving techniques can be used to remove all gross 
disease. In cases of intraluminal invasion, tracheal resec- 
tion with anastomosis is warranted. Partial laryngectomy 
can be performed, and total laryngectomy is indicated in 
rare cases; after all, conventional treatment options fail. 


Special Patient Populations 


The diagnostic and therapeutic approaches to thyroid 
neoplasms in children are similar to adults with con- 
sideration of familial and syndromic associations. It is 
utmost important to balance between the potential treat- 
ment morbidity and indolent nature of the disease. MTCs 
in children are discussed in different sections. Thyroid 
nodules in pregnant women should be evaluated in the 
same way as nonpregnant women except that use of RAI is 
contraindicated. If FNA is consistent with PTC during the 
pregnancy, surgery is recommended and should be done 
before 24 weeks gestation. However, data also suggest that 
treatment delays for less than 1 year do not significantly 
affect patient outcome. A nodule with PTC diagnosed 
early in pregnancy should be monitored by ultrasound for 
growth or spread. If substantial growth is evident before 
24 weeks gestation, surgery should be performed. If it is 
stable, or diagnosed after 24 weeks gestation, surgery may 
be performed after delivery. 


Surgical Complications 


Thyroidectomy is a safe procedure in experienced hands. 
Mortality rates are extremely low, and serious complications 


occur in less than 2%. The most common complications 
are injuries to RLN and parathyroid glands. 


Postoperative Hematoma 

Postoperative bleeding is very uncommon and usually 
happens during first few hours postoperatively. An expand- 
ing hematoma can lead to life-threatening airway obstruc- 
tion. Airway decompression by evacuating the hematoma 
should be performed in urgent fashion at the bedside, and 
patients will then be taken back to operating room imme- 
diately for neck exploration to identify and control the 
bleeding. 


Recurrent Laryngeal Nerve Injury 

Transient RLN injury is not uncommon, but permanent 
paralysis should comprise approximately 1% after total 
thyroidectomy. All patients should undergo pre- and post- 
operative laryngoscopy to evaluate laryngeal function. 
The incidence may increase during reoperative surgery 
or after extensive central neck dissection. Unilateral RLN 
paralysis may be well compensated and asymptomatic. 
Symptomatic patients should be managed by vocal cord 
medialization including vocal cord injection or thyroplasty. 
Bilateral vocal cord paralysis is a devastating complication 
from thyroid surgery, and impending airway obstruction is 
the major concern in these patients. The patients may be 
managed using transverse cordotomy, arytenoidectomy, or 
tracheostomy. 


Superior Laryngeal Nerve Injury 

Injury to the SLN is more common than recognized, and 
may be temporary or permanent. Patients will have diffi- 
culty shouting. Many surgeons do not routinely visualize 
the SLN. However, adequate exposure and individual liga- 
tion of superior pole tributary vessels close to the glands 
are the keys to avoid SLN injury, in addition to nerve moni- 
toring techniques. 


Hypocalcemia 

Transient hypocalcemia after total thyroidectomy is 
the most common complication from thyroid surgery. 
The rate of transient hypocalcemia has been reported 
to occur in up to 25% of cases, and permanent hypo- 
parathyroidism is reported to occur in 0.4% to 13% of 
cases. The extent of surgery, central neck dissection, revi- 
sion cases, and substernal goiter surgery all may increase 
the risk of hypoparathyroidism. Serum calcium level, 
symptoms of hypocalcemia, along with Chvostek and 
Trousseau signs should be closely monitored in immedi- 
ate postoperative period. Symptomatic patients should 
be managed in timely fashion to avoid severe tetany, 
seizure, altered mental status, and cardiac arrhythmias. 
Oral and/or intravenous (IV) calcium should be given 
along with calcitriol. In difficult cases, an endocrinolo- 
gist can be consulted to adjust the dose of IV calcium 
and vitamin D. 


TABLE 
133.4 POSTOPERATIVE RISK STRATIFICATION 


Risk stratification Local/Distal Metastases 
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Tumor Invasion of 
locoregional tissue(s) 


2125 


Aggressive Histology/ 
Vascular Invasion 


Posttreatment Whole-Body 
RAI Scan (RxWBS) 


Low No No No No 

Intermediate Cervical lymph node Microscopic invasion Yes 1311 uptake outside thyroid 
metastases bed 

High Distant metastases Macroscopic invasion Yes/No Tg out of proportion to 


uptake in RxWBS 


Modified from 2009 ATA Guidelines: Cooper DS, et al. Thyroid 2009; 19(11):1167-1214. 


POSTOPERATIVE MANAGEMENT OF 
DIFFERENTIATED THYROID CANCER 


Postoperative Staging System and Risk 
Stratification 


Postoperative staging is an important part of postopera- 
tive management. It allows to assess an individual patient's 
risk for recurrence and mortality and to tailor the deci- 
sion making for RAI treatment and TSH suppression. In 
WDIC, the AJCC staging system is based on age and p[NM 
parameters to predict the risk of mortality, not recurrence. 
Many other schemes, including AGES, AMES, and MACIS, 
were developed to achieve more accurate risk stratification 
for recurrence. A three-level risk stratification system was 
suggested in the 2009 ATA guidelines to assess the risk of 
recurrence (Table 133.4). 

In the 2009 ATA guidelines, indications for RAI treat- 
ment are based on the AJCC TNM staging. The three-level 
risk stratification system is also used to recommend the 
appropriate degree of initial TSH suppression. 


RADIOACTIVE IODINE TREATMENT 


The roles of RAI treatment are to facilitate postoperative 
staging and follow-up and to decrease the risk of recur- 
rence and disease-specific mortality (46-48). RAI therapy 
is given either as remnant ablation, adjuvant therapy, or 
treatment of known persistent or metastatic disease. There 
is no therapeutic benefit observed in patients with intra- 
thyroidal microscopic PTC, or microscopic multifocal 
PTC; thus, RAI ablation is not always recommended for 
those patients (49,50). RAI ablation is recommended for 
all patients with distant metastases, T4, and selective T3 
disease (245 years old) due to decreased risks of recur- 
rence and mortality. There remains conflicting data for 
1- to 2-cm intrathyroidal T1 and T2 disease in terms of 
reduction of risks of recurrence. RAI ablation may be used 
in selective cases to facilitate staging and postoperative 
follow-up. There are no sufficient data to demonstrate the 
benefit of RAI in patients with specific aggressive histology 
or molecular abnormalities, and this remains the area of 
future research. 


RAI ablation requires TSH stimulation (TSH greater 
than 30 mU/L) to increase iodine uptake by thyroid cancer 
cells. The two methods available are thyroid hormone with- 
drawal or rhTSH (Thyrogen) stimulation. Although thyroid 
hormone withdrawal was the gold standard, recent pro- 
spective randomized studies have demonstrated that rhTSH 
stimulation was equally effective as thyroid hormone with- 
drawal, with improved quality of life and similar short- 
term rates of recurrence (51,52). Thyrogen stimulation 
permits the patient to receive synthroid immediately post- 
operatively. The method used in preparation for RAI abla- 
tion is usually patient, disease status, and center specific. 
A low-iodine diet and avoidance of iodine exposure (e.g., IV 
contrast, amiodarone use) prior to RAI ablation have been 
suggested to prevent interference with the treatment (53). 

Current guidelines recommend utilizing the minimum 
1] activity necessary to achieve successful remnant abla- 
tion, particularly for low-risk patients (54). Usually 30 to 
100 mCi is employed. Patients with cervical or distant 
metastases, suspected or documented residual disease, or 
a more aggressive tumor histology (eg., tall-cell variant, 
insular, columnar cell carcinoma), '*'I activity of 100 to 
200 mCi was suggested (55). RAI is a relatively safe treat- 
ment modality. The side effects associated with RAI abla- 
tion include dose-dependent transient acute sialadenitis, 
short-term taste disturbance, GI discomfort (most com- 
monly nausea), epiphora secondary to bilateral nasolacri- 
mal duct obstruction, bone marrow suppression, and over 
time a low risk of secondary malignancies and leukemia 
with high dose and repeat treatments. Clinicians should 
ensure the benefits outweigh risks in decision making of 
RAI treatment. 


INITIAL TSH SUPPRESSION 


The initial TSH suppression therapy has been proven to 
decrease the risk of recurrence and improve overall survival 
in high-risk patients if TSH was suppressed to undetectable 
level (56). According to 2009 ATA guideline, targeted ini- 
tial TSH suppression level is less than 0.1 mU/L for high- 
risk and intermediate-risk patients and 0.1 to 0.5 mU/L for 
low-risk patients. 
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EXTERNAL BEAM RADIATION THERAPY 
(EBRT) AND SYSTEMIC THERAPY 


Role of external beam radiation therapy (EBRT) is limited, 
and its survival benefit is uncertain. Current recommen- 
dations suggest EBRT is indicated for gross unresectable 
tumor in patients over 45 years old, none operable symp- 
tomatic metastases (pain, fracture, or neurologic symp- 
toms), or as an adjuvant therapy with surgery for selective 
cases of bone or brain metastases with concomitant use of 
glucocorticoids (57,58). 

Systemic therapy in WDTC is mostly reserved for 
distal metastases, especially in the situations with the 
evidence of progression, RAI refractory diseases, or com- 
promising organ function. Doxorubicin remains the only 
FDA-approved agent for metastatic thyroid carcinoma. 
Paclitaxel + doxorubicin and carboplatinum with rh TSH 
also demonstrated partial response. With recent advances 
in molecular basis of WDTC, many novel targeted agents 
(including multi-kinase inhibitors) are in clinical trials. 
Among them, sorafenib in a phase II clinical trial for DTC 
and vandetanib in a recent phase III clinical trial for MTC 
showed clinical benefit (59-61). 


LONG-TERM MANAGEMENT OF DTC 
Methods of Follow-Up 


The goals for long-term follow-up for thyroid cancer are 
to detect recurrent and persistent disease as well as moni- 
tor thyroxine suppression therapy. Clinical examination, 
serum Tg level, neck ultrasound, diagnostic whole-body 
RAI scans (WBS), and TSH suppression all play roles in 
long-term follow-up. Serum Tg level is a sensitive and 
specific marker to detect PTC recurrence in the absence of 
Tg antibodies, especially post total thyroidectomy and/or 
RAI ablation. Initial Tg level is measured with either thy- 
roid hormone withdrawal or rhTSH in low-risk patients. 
Tg should be measured along with Tg antibodies and neck 
ultrasound every 6 to 12 months for intermediate- to high- 
risk patients and every 12 months for low-risk patients. 
A rising Tg level raises the suspicion for possible recurrent 
disease and warrants a further workup to localize the recur- 
rence. Thyroid and lateral neck ultrasound is sensitive to 
detect cervical metastases (62). Tg level can be measured in 
the needle washout fluid in US-guided FNA sample (63). 
WBS performed 6 to 12 months after remnant ablation 
may be beneficial in high- or intermediate-risk patients. 
'8EDG-PET is indicated to localize Tg positive (greater than 
5 to 10 ng/mL) and RAI scan-negative tumor (64). A recent 
study demonstrated that PET/CT has additional benefits 
to detect unrecognized distant metastases and to identify 
non-iodine-avid metastatic lesions (65). 

Long-term TSH suppression has been reported to be 
associated with the reduction of adverse clinical outcomes 
in patients with thyroid cancer (66). Current guidelines 


suggest maintaining TSH less than 0.1 mU/L indefinitely, 
for those with persistent disease, between 0.1 and 
0.5 mU/L for 5 to 10 years for high-risk patients, and low- 
normal for low-risk disease. 


Locoregional Recurrent or Persistent Disease 


Studies have reported that 5% to 20% of patients treated 
with total thyroidectomy developed local recurrence 
within 10 years, 60% to 75% of which localized in the 
neck lymph nodes with level VI being the most common 
site (37,67). In patients greater than 45 years old, local 
regional recurrence may be associated with more mor- 
bidity than those less than 45 years old. Maintaining the 
balance between controlling the recurrent diseases and 
minimizing treatment-related morbidity is an important 
principle for the management of recurrent or persistent 
diseases. High-resolution ultrasound of the thyroid bed 
and bilateral necks, Tg and its antibody level, and WBS 
remain the important modalities to detect and follow up 
recurrent disease. The clinical use of serial Tg level to detect 
and monitor recurrent DTC is well documented. The pri- 
mary role for CT and MRI in recurrent/persistent disease is 
to detect suspicious recurrences in unusual locations, such 
as supraclavicular, or superior mediastinum, and optimize 
the surgical planning. The use of PET scanning has been 
widely accepted as a modality to detect recurrence of DTC 
post thyroidectomy + RAI (68). A recent study demon- 
strated the additional benefit of PET/CT to detect unrec- 
ognized distant metastatic disease and non-iodine-avid 
lesion, which led to a change in treatment plan in up to 
40% of the patients (65). 


REOPERATION FOR RECURRENT/ 
PERSISTENT DIFFERENTIATED 
THYROID CANCER 


For recurrent or persistent DTC, a systematic approach to 
the thyroid bed and/or defined compartment neck dissec- 
tion was reported to render a better outcome after reopera- 
tion than “berry picking” or local lymph node dissection. 
External beam radiation and systemic therapy are reserved 
for gross disease and palliation (69). To evaluate a patient 
for potential reoperation for recurrent or persistent disease, 
a thorough preoperative evaluation should encompass a 
detailed history, physical examination, and review of pre- 
vious operative reports to obtain information of extent of 
the surgery and integrity of parathyroid glands, ionized cal- 
cium level, and intact PTH for lab testing. It is also crucial 
to evaluate vocal cord function, because clinical symptoms 
alone are not reliable for documenting RLN palsy (70). 
Reoperative surgery in level VI places the RLN and para- 
thyroid glands at greater risk compared with primary sur- 
gery. Early intraoperative visualization of RLN is the key to 
protect the integrity of RLN, and nerve monitoring can assist 
in the identification of RLN in reoperative settings (71). 


Various strategies to identify the RLN(s) should be consid- 
ered by the surgeons to avoid a previously dissected area. 
A medial approach to the superior pole can be used only 
when this area was not dissected from the previous surgery. 
A lateral approach and medial anterior approach are also 
commonly used strategies to allow identification of the RLN 
in previously undissected areas. The incidence of permanent 
hypoparathyroidism after reoperative surgery is reported up 
to 3.5% (72). Preservation of parathyroid gland function 
requires solid knowledge of anatomy and meticulous sur- 
gical technique. Care should be taken to preserve parathy- 
roid glands and their blood supply. The surgical specimen 
should be examined for parathyroid tissues. If identified, 
reimplantation of parathyroid glands outside of the cen- 
tral neck is recommended after histologic confirmation by 
frozen section particularly in aggressive or recurrent dis- 
ease. Effort should be made to avoid inadvertent reimplant 
tumor or metastatic lymph nodes with the parathyroid 
tissue. A recent study demonstrated that permanent hypo- 
parathyroidism can be minimized with careful preoperative 
planning and meticulous intraoperative dissection (73). 


Distant Metastatic Disease 


Unlike other malignancies, surgical treatment is not a con- 
traindication for DTC. Better survival outcome has been 
associated with the responsiveness to reoperation and/or 
RAI (74). Prognosis depends on several factors including 
the histology of primary tumor, distribution of the metas- 
tases, tumor burden, age at diagnosis, and FDG avidity 
(75). The most common sites of metastases are pulmo- 
nary, bone, and brain. 2009 ATA guideline recommends 
RAI therapy for RAl-avid pulmonary metastases. There are 
insufficient data to suggest any specific systemic therapy 
for non-RAI-avid pulmonary metastases. The options then 
are minimal surgery + EBRT for palliation, tyrosine kinase 
inhibitors, and clinical trials. For bone metastases, surgi- 
cal resection, RAI therapy for iodine-avid lesions, EBRT 
with concomitant steroids, intra-arterial embolization, 
and periodic pamidronate remain the options for selected 
patients. Surgical resection and EBRT have been the main- 
stays for those patients with brain metastases. RAI therapy 
could be considered for iodine-avid lesions after EBRT and 
concomitant glucocorticoids. 


MEDULLARY THYROID CARCINOMA 


MTC arises from the calcitonin secreting parafollicular C 
cells of thyroid glands. They derive from the neural crest 
cells that locate mainly at posterior upper one-third of the 
thyroid glands. It accounts 4% of all thyroid malignancy in 
the United States (76). They can be either sporadic (75%) 
or inherited (25%) with the germline mutations of RET 
proto-oncogenes (77,78). Cervical lymph node involve- 
ment is common at presentation. Ten-year disease-specific 
survival of medullary carcinoma is 75% (76). 
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Genetics of MTC 


Inherited MTC syndromes (multiple endocrine neoplasia 
Ul, MEN I) are autosomal dominant, consisting of MEN 
IIA, MEN IIB, and familial MTC (FMTC). The most com- 
mon type of MENII is MENIIA, which is characterized 
by the triad of MTC, pheochromocytoma, and primary 
hyperparathyroidism. The typical age of onset is the third 
or fourth decade of life. FMTC is a variant of MENIJA with- 
out pheochromocytoma or primary hyperparathyroid- 
ism (79). The typical age of onset is older than MENIA 
patients. MENIIB is the most aggressive type of MEN syn- 
drome due to its very early onset of the disease. Majority 
of the cases are de novo germline RET mutations (80). 
MENIIB syndrome is defined as MTC, pheochromocy- 
toma and musculoskeletal abnormalities (i.e, Marfanoid 
habitus), or neuromas of lips, conjunctiva, tongue, and 
GI system. The average age of onset is 10 years earlier than 
MENIA (81). Germline RET testing plays an important 
role in diagnosis of MTC. It helps to distinguish sporadic 
cases from inherited cases. About 95% of MENIIA and 
IIB and 88% of FMTC have an identifiable RET muta- 
tion (81). In order to diagnose METIIA or MEN IIB for 
certain, a RET mutation from the patient or the clinical 
features of MENIIB or IIA in other first-degree relatives 
have to be identified. According to the 2009 ATA guide- 
lines for MTC, the indications for germline RET testing 
include a personal medical history of C cell hyperplasia, 
MTC, MENHA, or MENIIB (79). For MENIIB, RET testing 
should be done shortly after birth, due to its early onset 
and aggressive behavior. Prophylactic thyroidectomy is 
recommended within the first year of life. For MENIIA, 
the timing of RET testing is less than 3 to 5 years of age 
with recommended timing for prophylactic thyroidec- 
tomy before age of 5. Once a RET mutation is identified 
in a family, genetic counseling and RET testing should be 
offered to all first-degree relatives who might benefit from 
potential prophylactic surgical management before the 
recommended age (82). 


Preoperative Workup 


Preoperative testing for presumed MENIJIA or IIB 
patients includes calcitonin level, CEA, neck ultrasound, 
and screening for primary hyperparathyroidism. Primary 
hyperparathyroidism and pheochromocytoma screening 
should begin by age of 8 by plasma or urine metaneph- 
rine. Abdominal CT or MRI for pheochromocytoma is 
only indicated if there are symptoms of excessive cat- 
echolamine or evidence of elevated metanephrine or 
normetanephrines. Pheochromocytoma should be 
surgically resected prior to surgery of MTC or primary 
hyperparathyroidism due to the high risk of anesthesia. 
Although ENA is indicated for any thyroid nodule, its 
sensitivity (63%) is lower than that of serum calcitonin 
(98%). 
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Extent of Surgery 


MTC cells do not have the ability to take up iodine, and 
RAI therapy is ineffective in MTC patients. The role of 
adjunctive external bean RT in MTC patients is controver- 
sial. Surgical management is the main treatment modal- 
ity of MTC. Lymph node involvement is up to 75% with 
palpable MTC. Current ATA guidelines (2009) recommend 
total thyroidectomy with central neck dissection for MTC 
patients with no evidence of lateral neck and distant met- 
astatic disease, with or without central neck lymph node 
involvement. If lateral neck lymph nodes are involved, 
level Ila, HI, IV, and V should be added to the previously 
mentioned surgery. The patients with distant metastatic 
disease are incurable, and less aggressive surgery may 
be appropriate to preserve the function of parathyroid, 
speech, and swallowing. 


Postoperative Follow-Up 


Serum calcitonin is a highly sensitive method to detect per- 
sistent or recurrent disease. Doubling time has proven to 
be a useful marker of disease burden and prognosis. Both 
calcitonin and CEA play important roles in the follow-up 
of MTC patients, used in conjunction with each other and 
clinical and radiographic evaluation. Serial measurements 
of calcitonin and CEA every 2 to 3 months were recom- 
mended in current ATA guidelines. 


m= The annual incidence of pathologic thyroid can- 
cer is increasing over the years, and the diagno- 
sis and treatment of thyroid cancer are evolving 
in last decade, as risk stratification has been 
established. 

m Recent advances in molecular genetics and signaling 
pathways in thyroid cancer provide better under- 
standing of the biologic behavior of thyroid cancer, 
which allows potential clinical application in pre- 
cise diagnosis and treatment. 

= Knowledge of thyroid, parathyroid, and laryngeal 
nerve anatomy is essential to perform thyroid 
surgery safely. Preservation of nerve function and 
the parathyroid glands in thyroid surgery is key 
to maintain the quality of life of patients postop- 
eratively. 

= Indications for TSH suppression and RAI after total 
thyroidectomy for differentiated thyroid carcinoma 
are based on the risk of the recurrence. 

m High-resolution ultrasound and serum Tg levels 
are two important tools for long-term follow-up of 
patients with PTC. 
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Hyperparathyroidism: 
Evaluation and Surgery 


Primary hyperparathyroidism is characterized by autono- 
mous hypersecretion of one or more parathyroid glands. 
The incidence of primary hyperparathyroidism in the 
United States is approximately 100,000 patients per year. 
Causes of hyperparathyroidism can be classified as primary 
hyperthyroidism, secondary hyperparathyroidism, tertiary 
hyperparathyroidism, familial hypocalciuric hypercalcemia 
(FHH), and parathyroid carcinoma. Appropriate manage- 
ment of these patients with hyperparathyroidism requires 
a thorough understanding of the pathogenesis as well as 
typical and atypical presentations, knowledge of labora- 
tory tests for proper workup, and interpretation of imaging 
studies for localization of parathyroid adenomas. The abil- 
ity to rapidly measure parathyroid hormone (PTH) level 
has allowed parathyroid surgeons to assess biochemical 
cure intraoperatively. Thus, surgical treatment of primary 
hyperparathyroidism has evolved primarily into minimally 
invasive single-gland excision. However, bilateral explora- 
tion still plays an important role in treatment of secondary 
and tertiary hyperparathyroidism. This chapter discusses 
clinical, laboratory, and radiologic evaluation of the hyper- 
parathyroid patient as well as surgical and postoperative 
management. 


The inferior parathyroid glands are derived from the third 
pharyngeal pouch and descend caudally with the thyroid 
and thymus. The superior parathyroid glands are derived 
from the fourth pharyngeal pouch, attach to the posterior 
surface of the superior or midportion thyroid and migrate 
caudally with it. This pattern of migration explains the vari- 
ability in the final arrest of the parathyroid glands, resulting 
in many possible locations of ectopic or supernumerary 
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parathyroid glands. The limited course of the superior 
glands leads to less variability in location compared to the 
inferior gland. The inferior parathyroid glands can typi- 
cally be found inferior, lateral or posterior to the inferior 
pole of the thyroid, anterior to a plane drawn through the 
recurrent laryngeal nerve. They can be quite variable in 
location. The superior parathyroid glands are less variable 
in location, the vast majority of them typically located near 
the cricothyroid joint, just superior to where the recurrent 
laryngeal nerve courses medially to enter the larynx. The 
blood supply to the parathyroid glands is primarily from 
the inferior thyroid artery, and in some there is contribu- 
tion from the superior thyroid artery. 

Humans typically have four parathyroid glands, two 
superior and two inferior. Approximately 3% to 13% of 
adults have supernumerary glands, and 5% have fewer 
than four (1). Normal parathyroid glands vary consider- 
ably in shape, size, and color. They are usually 2 to 3 mm 
in width, 1 to 2 mm in thickness, and 4 to 6 mm in length. 
Each gland weighs an average of 30 mg. 


Maintenance of extracellular calcium homeostasis involves 
the interaction of calcium, PTH, calcitonin, and vitamin D 
upon several target organs (kidney, bone, intestines, and 
parathyroid). Parathyroid cells respond to minute changes 
in the extracellular ionized calcium concentration, such 
that a small change in calcium concentration results in a 
change in the release rate of PTH in the opposite direction. 
This calcium-sensing property of parathyroid cells allows 
for the precise regulation of the extracellular ionized cal- 
cium concentration within a narrow range, normally 
1.2 to 1.3 mmol/L. The calcium-sensing ability of para- 
thyroid cells is believed to be mediated by a G-protein- 
coupled receptor on the parathyroid cell surface, known 
as calcium-sensing receptor (CaSR) (2). Hypocalcemia 


2131 


2132 Section VII: Head and Neck Surgery 


Parathyroid Hormone, 
v4 | 


SOH-VitD 
(“eon ) 1-25(OH),VitD Ry 
Increase osteoclast 
activity on 


Ca** reabsorption Increase Ca** 


Po, excretion / absorption 


Figure 134.1 Actions of PTH. 


induces PTH secretion, which raises the plasma calcium 
level toward normal by effecting the release of calcium 
from bone, increasing renal calcium reabsorption, and 
stimulating the production of 1,25-dihydroxyvitamin D. 
Vitamin D in turn increases intestinal absorption of cal- 
cium. Osteoclasts and certain cells of the renal tubule also 
exhibit calcium-sensing properties (Fig. 134.1). 


PARATHYROID GLAND HISTOLOGY 


The parenchyma of the parathyroid gland comprises pri- 
marily chief cells that are small, round, and light in color 
because of very weakly staining acidophilic cytoplasm. 
The nucleus is centrally placed. Chief cells synthesize 
PTH. Oxyphilic cells are less frequent, entirely lacking in 
small children under 6 years, and increase in number with 
age. Their cytoplasm is strongly acidophilic; the nucleus 
is small and uniformly intensely basophilic. They con- 
tain large amounts of mitochondria. These parenchymal 
cells are arranged in anastomosing chords surrounded 
by delicate connective tissue septa with abundant capil- 
laries. A considerable number of fat cells infiltrate the 
gland beginning around puberty and may account for 
about half the weight of the parathyroid glands in adults 
(Fig. 134.2). 


Figure 134.2 Histology of normal parathyroid gland showing 
chief cells and abundant fat cells. 


HYPERPARATHYROIDISM 


Hyperparathyroidism is classified into primary, second- 
ary, and tertiary. Other rare causes of hyperparathyroidism 
include parathyroid carcinoma and FHH. It is important to 
understand the different causes of elevated PTH in surgical 
treatment considerations. 


Primary Hyperparathyroidism 


Primary hyperparathyroidism (1° HPT) is characterized by 
autonomous hypersecretion of one or more parathyroid 
glands. The incidence of 1°HPT in the United States is 
approximately 100,000 patients per year, and its prevalence 
is estimated to be between 0.2% and 1% (3). It predomi- 
nantly affects those between the ages of 55 and 70 with a 
female-to-male ratio of 2:1. Recent reports from large series 
indicate that the etiology is a single parathyroid adenoma 
in 89% of cases, and hyperplasia or multiple adenomas 
in the remainder (4). The incidence of double adenomas 
ranges from 4% to 16% (5-7). 


Secondary and Tertiary Hyperparathyroidism 


Secondary hyperparathyroidism (2°HPT) is character- 
ized by elevation of PTH level as a result of chronic hypo- 
calcemia, most commonly from chronic renal failure, but 
it can also be caused by chronic vitamin D deficiency. In 
chronic renal failure, renal tubular excretion of phosphate is 
impaired, leading to hyperphosphatemia and binding with 
free calcium. In addition, renal hydroxylation of vitamin D 
is impaired leading to hypovitaminosis D. Vitamin D defi- 
ciency leads to decreased calcium absorption from both 
the gut and reabsorption of calcium in the renal tubules. 
The end effect is lower extracellular calcium, which in turn, 
stimulates the parathyroid glands to secrete PTH, resulting 
in hyperplasia of the parathyroid glands and elevation of 
PTH level. Other possible causes of elevated PTH associated 
with normal or low calcium are low calcium intake, inef- 
ficient calcium absorption from gastrointestinal disorders, 
and deficiency in intake of vitamin D; all these conditions 
result in low calcium and a compensatory rise in PTH level. 
In tertiary hyperparathyroidism, the chronically hyperplas- 
tic glands autonomously secrete PTH, which usually occurs 
after successful renal transplantation but can also occur after 
long-standing hypocalcemia of any other cause is corrected. 


Parathyroid Carcinoma 


Malignancy of the parathyroid gland is a very rare cause of 
hyperparathyroidism, representing less than 0.2% of patients 
with 1°HPT (7). It can rarely occur in association with hyper- 
thyroid-jaw bone syndrome. Patients with this syndrome 
are carriers of the HRPT2 gene (8). This condition typically 
manifests with extremely high plasma calcium levels, usually 
greater than 13 mg/dL. Rarely a mass may be palpable (9). 
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Familial Hypocalciuric Hypercalcemia 


FHH is an autosomal dominant genetic disorder character- 
ized by mutations in the intracellular part of the CaSR (10,11). 
The result is a defect in the CaSR of the parathyroid cell result- 
ing in a lack of PTH suppression in the setting of hypercalce- 
mia. Genetic linkage studies have shown that chromosome 
3q is the major, but not the sole, locus for FHH-causing gene 
(11,12). There are at least two other genetic loci, one linked 
to chromosome 19p and another family described in which 
linkage to 3q and 19q loci has been excluded but the FHH- 
causing gene has not yet been identified (13,14). While this 
condition is usually diagnosed at a younger age, it may mani- 
fest for the first time in older patients who have not sought 
medical attention throughout life. It typically has a benign 
course without the hypercalcemia-induced morbidities and 
is therefore generally not a surgical disease (15,16). 


CLINICAL MANIFESTATIONS 


The clinical presentation and complications of hyperpara- 
thyroidism depends on the degree of hypercalcemia and 
the rapidity in which the condition develops. The classic 
symptoms and manifestations of the disease are 


1. Musculoskeletal: bone and joint pain, muscle pain, 
muscle weakness, osteopenia, osteoporosis, pseudog- 
out, renal osteodystrophy 

2. Genitourinary: nephrolithiasis, renal insufficiency, noc- 
turia, polyuria 

3. Gastrointestinal: constipation, peptic ulcers, heartburn, 
Pancreatitis, abdominal pain, nausea 

4. Neuropsychiatric: depression, anxiety, confusion, 
memory loss, impaired thinking or “brain fog” 


A popular mnemonic for remembering these symptoms is 
“bones, stones, groans, and psychiatric overtones.” Other 
manifestations that can also be seen are fatigue, calciphy- 
laxis (soft tissue calcification), cardiocalcinosis, and band 
keratopathy. 


EVALUATION 


Evaluation of the hypercalcemic or hyperparathyroid patient 
starts with a good history and determination of what man- 
ifestations of the disease the patient has. Information on 
use of medications that can cause hypercalcemia should be 
elicited, specifically thiazide diuretics, lithium, dietary sup- 
plemental calcium, and vitamin D. Family history of hyper- 
calcemia or hyperparathyroidism should be attained, as the 
patient may have familial hyperparathyroidism or FHH. 


Laboratory Studies 


The diagnosis of 1° HPT is made based on plasma cal- 
cium and PTH levels. Plasma calcium and PTH levels 
should be drawn on the same day. Normal range for 
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plasma calcium in most laboratories is 8.5 to 10.2 mg/dL 
(or 2.2 to 2.5 mmol/L). Since most of the body’s plasma 
calcium is bound to albumin, a decrease in plasma albu- 
min will lower the plasma calcium level even though the 
free calcium remains the same. Therefore if the albumin 
level is low, the plasma calcium should be corrected such 
that 0.8 mg/dL should be added to the total calcium for 
every drop in albumin of 1.0 g/dL. Alternatively, one can 
measure ionized calcium, which represents free calcium. 
Normal range for ionized calcium in most labs is 1.14 
to 1.28 mmol/L. PTH is an 84 amino acid peptide chain 
with a C-terminal and an N-terminal. Laboratories in the 
past measured PTH levels by measuring the N-terminal or 
C-terminal. Today, the most accurate assessment of PTH 
level is measurement of the entire chain, known as intact 
PTH. Normal range for PTH in most laboratories is 15 to 
72 pg/mL. The classic laboratory findings of 1° HPT are 
elevated plasma calcium level and high intact PTH level. 
Some patients may present with elevated plasma calcium 
levels and PTH levels only in the midrange to upper lim- 
its of normal. In the absence of 1° HPT, elevated plasma 
calcium should suppress the PTH level. Therefore, unsup- 
pressed PTH in the setting of elevated plasma calcium 
is “inappropriate” and indicates 1°HPT. In addition to 
plasma calcium and intact PTH levels, it is also helpful to 
look at 24-hour urine calcium and serum phosphate lev- 
els. Typically in 1° HPT, the serum phosphate is low, and 
the 24-hour urine calcium is normal or elevated. Some 
patients may present with only periodic elevations of 
plasma calcium. In patients with mildly elevated or nor- 
mal calcium, if the PTH levels are persistently elevated, 
the serum phosphate is low and 24-hour urine calcium 
is high (greater than 350 mg), the diagnosis of 1° HPT 
is likely. In a patient with normal or occasional mildly 
elevated calcium levels, intermittent mild elevation of 
PTH, normal phosphate and low to normal 24-hour urine 
calcium, the diagnosis of 1° HPT is somewhat question- 
able. If the diagnosis is uncertain, it would be prudent 
to repeat calcium and intact PTH levels and follow the 
laboratory values. Other than 1°HPT, the differential 
diagnosis of hypercalcemia includes thiazide diuretics, 
immobilization, and hypercalcemia of malignancy and 
granulomatous diseases. Contrary to 1°HTP, the PTH 
level is generally low in these conditions. 

Elevated plasma calcium and PTH with a low 24-hour 
urine calcium is suggestive of FHH. The diagnosis of FHH 
should be considered if there is a family history of hyper- 
calcemia, PTH is not markedly elevated, or the 24-hour 
urinary calcium is low. In that setting 24-hour urine for 
calcium, plasma calcium, serum creatinine and 24-hour 
urine creatinine levels should be obtained to calculate 
calcium-creatinine clearance ratio. These tests should all 
be performed at the same time. FHH manifests with hyper- 
calcemia and mildly elevated or normal PTH levels (17,18). 
In FHH, the 24-hour urine calcium is below normal range. 
The calcium-creatinine clearance ratio, calculated using 
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the following formula, is helpful in differentiating FHH 
from 1°HPT. 


24-hour urine calcium serum creatinine 


serum calcium 24 - hour urine creatinine 


A ratio that is greater than 0.01 is consistent with 1° HPT, 
though does not absolutely exclude FHH, and less than 
0.01 is suggestive of FHH. 

Some patients may also present with plasma calcium 
values in the mid to upper normal range but exhibit ele- 
vated ionized calcium. In recent years, a new entity known 
as normocalcemic hyperparathyroidism has been recog- 
nized where calcium level, including ionized calcium, 
is normal and PTH is elevated (19,20). It has been pro- 
posed that there is a generalized targeted tissue resistance 
to PTH in patients with this entity. A study by Maruani 
et al. (21) showed PTH-dependent functions of the kid- 
ney to be attenuated in the normocalcemic hyperparathy- 
roid patients despite an identical primary hypersecretion 
of PTH. They concluded that: (a) PTH induces milder 
biologic bone effects than in hypercalcemic patients; (b) 
Calcium absorption in the renal tubular system is lower in 
patients with normocalcemic 1°HPT compared to that of 
patients with hypercalcemic form of the disease. (c) The 
ability of PTH to decrease tubular phosphate reabsorption 
and stimulate synthesis of 1,25-dihydroxyvitamin D is also 
blunted in the patients who remain normocalcemic, com- 
pared with those who are hypercalcemic. Normocalcemic 
1° HPT can be difficult to diagnose, and 2° PTH from other 
conditions such as chronic vitamin D deficiency, renal 
insufficiency, and renal calcium leak need to be excluded 
first. In 2°HPT, the typical laboratory finding is elevated 
PTH but unlike 1° HPT, the plasma calcium level is low or 
normal. Those with 2° HPT from chronic renal failure also 
exhibit elevated blood urea nitrogen, serum creatinine, and 
phosphate. 

Vitamin D levels should also be measured. In 1° HPT, the 
25-hydroxy form will typically be low, and 1,25-hydroxy 
form is often elevated. Vitamin D levels are generally not 
used to make a diagnosis of 1° HPT but may be helpful 
in differentiating 2°HPT due to chronic vitamin D defi- 
ciency from “normocalcemic” 1°HPT. Since both condi- 
tions will present with normal calcium and elevated PTH, 
if the 25-hydroxyvitamin D level is low, one can correct the 
vitamin D deficiency and follow the calcium level. If the 
calcium level becomes elevated or the PTH level does not 
correct back down to normal range with vitamin D replace- 
ment, the diagnosis is likely to be 1° HPT. 


Imaging Studies 


While imaging studies are used primarily to localize 
parathyroid adenomas for surgical planning, they may 
also be helpful in confirming the diagnosis of 1°HPT. If 
the lab values are intermittently or only mildly elevated, 


the diagnosis of 1° HPT can be confirmed if the imaging 
study unequivocally detects a parathyroid adenoma. The 
two most commonly used imaging studies are parathyroid 
ultrasound and technetium-99m-sestamibi parathyroid 
(MIBI) scan. The sensitivity of each test varies considerably, 
depending on the equipment and more importantly how 
experienced is the individual performing or interpreting 
the study. In the hands of a highly experienced ultraso- 
nographer, which can be radiologist, surgeon, or endocri- 
nologist, the sensitivity is 80% to 85%. On ultrasound, 
parathyroid adenomas appear hypoechoic and hypervas- 
cular (Fig. 134.3). Generally ultrasound should be able 
to detect adenomas located dorsal to the esophagus. The 
limitation of ultrasound is detecting adenomas located 
retroesophageally or in the mediastinum. The principle 
of sestamibi parathyroid scanning is that °°Tc MIBI tracer 
is taken up by both the thyroid and parathyroid adenoma 
but washes out of the thyroid faster than the parathyroid. 
Therefore early images at 20 minutes after injection are 
obtained, followed by delayed images typically at 2 hours 
(Fig. 134.4A). It is quite specific; however, its sensitivity 


Trachea 


Figure 134.3 Ultrasound of left inferior parathyroid adenoma. 
Top: adenoma (P) between the trachea and carotid artery; Bottom: 
adenoma is at the inferior tip of the thyroid. 
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can be low in detecting small glands. One of its limitations 
is that concurrent thyroid disease can result in a false- 
positive study. Another limitation is that the images are 
two-dimensional (2D) planer views and therefore do not 
provide information on the depth of the adenoma. This 
information is important for glands that are located infe- 
rior to the thyroid. On a 2D planer anterior—posterior view, 
without the information on the depth of the gland, a ret- 
roesophageal or paraesophageal gland can look virtually 
identical to an anteriorly located inferior gland. Oblique 
views or single photon emission computerized tomogra- 
phy (SPECT) obtained in conjunction with the 2D planer 
sestamibi scans can be helpful in providing informa- 
tion on the anterior—posterior location of the adenoma 
(Fig. 134.4B). Knowing this information obviates unneces- 
sary extensive or missed exploration. If localization with 
sestamibi scan and ultrasound performed in experienced 
hands fail, thin-cut CT with intravenous contrast may be 
helpful. It is especially useful in detecting ectopic glands 
such as paraesophageal, retroesophageal, or mediastinal 
glands (Fig. 134.5). 
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Figure 134.4 Sestamibi parathyroid scan. A: 2D planer images 
showing a left, inferiorly located adenoma B: SPECT revealing the 
adenoma (arrow) to be located posterior to the plane of the thyroid 
on the transverse and sagittal views. 


INDICATIONS FOR SURGERY 


Parathyroidectomy is indicated in patients with 1° HPT who 
have complications of the disease, such as nephrolithiasis, 
hypercalcemic crisis (calcium greater than 12.5 mg/dL), 
or are symptomatic with musculoskeletal pain, muscle 
weakness, or severe neuropsychiatric dysfunction (irritabil- 
ity, fatigue, confusion, or insomnia). However, since the 
gamut of muscular and neuropsychological symptoms is 
broad, it is often difficult to determine if the symptoms 
are truly due to 1°HPT. The indications for surgery in the 
asymptomatic patient were first established in 1990 by a 
NIH sponsored consensus panel and modified in 2002 
(Table 134.1) (22). In 2009, the guidelines were rereviewed 
at the Third International Workshop on Asymptomatic 
Primary Hyperparathyroidism, and the recommendations 
basically remained the same except for three changes: (a) 
hypercalciuria (24-hour urine calcium greater than 400 mg) 
was eliminated, (b) creatinine clearance was changed from 
less than 30% to less than 60 mL/min, and (c) bone density 
T-score at any site less than -2.5 and/or previous fracture or 
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Figure 134.5 CT with contrast demonstrating a right paraesoph- 
ageal adenoma (arrow). 


bone fragility (Table 134.1) (23). Since parathyroidectomy 
traditionally has been performed under general anesthesia 
and required bilateral exploration, which has potential sig- 
nificant risks, many asymptomatic patients had generally 
been observed rather than treated surgically. However, in 
recent years, parathyroid surgery has evolved into mini- 
mally invasive focused exploration often under local anes- 
thesia, with significantly lower surgical risks. Therefore, 
surgical consideration should be given to asymptomatic 
patients, even in healthy elderly patients with a reasonably 
long life expectancy, if they are appropriate candidates for 
minimally invasive parathyroidectomy (MIP). 

Multiple studies in the last decade have proven the ben- 
efits of parathyroidectomy for 1° HPT. Studies on quality of 
life postparathyroidectomy have been performed using the 


INDICATIONS FOR 
PARATHYROIDECTOMY IN 
ASYMPTOMATIC PATIENTS 


TABLE 
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2002 2009 


Ca** > 1 mg/dL above upper 
limit of normal 
Creatinine clearance <60 mL/min 


Ca** > 1 mg/dL above upper 
limit of normal 

Creatinine clearance reduced 
by 30% 

Reduction in bone density 
(hip, L Spine, Radius) 
T-score < —2.5 


Reduction in bone density (hip, 
L Spine, Radius) T-score 
< —2.5; Previous fracture or 
bone fragility 

Under 50 y of age 

Medical surveillance not feasible 
(e.g., coexistent illness) or not 
possible (e.g., poor follow-up) 


Under 50 y of age 

Medical surveillance not 
feasible (e.g., coexistent 
illness) or not possible (e.g., 
poor follow-up) 

24-h urine calcium >400 mg 


SEF-36 survey, a self-ranked 36-item survey that assesses gen- 
eral health, as well as the Parathyroidectomy Assessment 
of Symptoms survey. Both have been shown to improve 
quickly after surgery (24-27). Furthermore, these improve- 
ments are sustained long term (24,27,28). Bone density 
and hyperlipidemia have also been shown to improve with 
parathyroidectomy (29,30). 

Indications for parathyroidectomy in 2° HPT have been 
based mostly on presence of musculoskeletal symptoms, 
such as bone and joint pain, muscle weakness, or radio- 
logic evidence of renal osteodystrophy. In recent years 
treatment with vitamin D and its analogs have allowed 
the majority of these patients to be managed by medi- 
cal treatment for many years without severe symptoms 
of high bone turnover. Nevertheless, chronic high values 
of phosphate, calcium, and PTH in renal failure patients 
have been shown to be associated with increased mortal- 
ity, mainly due to cardiovascular complications induced 
by ectopic calcifications (31,32). Therefore, the main indi- 
cation currently for parathyroidectomy in these patients 
is when serum phosphate, calcium, and PTH levels can- 
not be maintained within target ranges with vitamin D or 
D-analog therapy (32,33). The introduction of cinacalcet, 
a new allosteric modulator of the CaSR on parathyroid 
cells that reduces PTH secretion, has also reduced the need 
for parathyroidectomy by 90% (34). Surgery is indicated 
when cinacalcet cannot be continued due to adverse side 
effects or poor compliance, or if the condition is refractory 
to cinacalcet therapy. Several studies have shown that para- 
thyroidectomy in dialysis patients with advanced 2° HPT is 
associated with reduced incidence of major cardiovascular 
events and overall lower mortality (35-38). 


PARATHYROIDECTOMY 


Bilateral Exploration 


While the majority of parathyroid surgeries today are per- 
formed using a targeted approach exploring only a single 
gland (see next section), surgeons still need to be thor- 
oughly familiar with the principles of 4-gland exploration, 
which is essential for treatment of hyperplasia, 2° HPT, and 
tertiary hyperparathyroidism. Knowledge of parathyroid 
gland locations is the key to successful 4-gland exploration. 
Embryologically, the inferior parathyroid glands arise from 
the dorsal wing of the third pharyngeal pouch, and the 
ventral wing of the third brachial pouch differentiates into 
the thymus. The thymus then migrates caudally, pulling 
the parathyroids with it. Descent of the inferior parathy- 
roid glands usually stops at the dorsal (posterior) surface 
of the inferior thyroid outside of its fibrous capsule. At 
times the inferior parathyroids may not lose its connection 
to the thymus and thus descend into the anterior medias- 
tinum with the thymus. The superior parathyroid glands 
arise from the dorsal wing of the fourth pharyngeal pouch 
and descend with the thyroid. The superior parathyroids 
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are generally located more posterior and medial than the 
inferior parathyroids, and their final resting point is usu- 
ally on the dorsal surface of the mid or superior pole of 
the thyroid. However, they may also be ectopically located 
lateral or posterior to the esophagus. Rarely can they be 
located superior to the superior pole. Parathyroid glands 
can also be located in the carotid sheath or inside the 
fibrous capsule of the thyroid (intrathyroid). 

When performing 4-gland exploration, it is impor- 
tant to search for each gland systematically moving from 
one quadrant to the next in the expected locations of the 
parathyroid glands. If the glands are not identified in the 
expected locations, the ectopic locations of the missing 
gland should then be systematically explored. For exam- 
ple, if a superior gland is missing, the paraesophageal and 
retroesophageal areas should be explored. If an inferior 
parathyroid is missing, exploration should be directed 
first at the most common ectopic location for the inferior 
glands—the thymus and superior mediastinum. If the miss- 
ing parathyroid is not found in these locations the carotid 
sheath should be explored. The last location to consider 
is intrathyroid, in which case a hemithyroidectomy on the 
side of the missing gland may be necessary. An alterna- 
tive to hemithyroidectomy for identifying an intrathyroid 
adenoma is to perform intraoperative thyroid ultrasound 
with a small probe. If a hypoechoic nodule adjacent to the 
posterior capsule is found (Fig. 134.6), needle aspiration 
of the lesion can be performed. The sample can be rinsed 
with approximately 2 mL of normal saline and a rapid PTH 
assay can be performed intraoperatively. The PTH level will 
be high if the lesion is a parathyroid adenoma. 

When performing subtotal parathyroidectomy, it is 
important to not completely excise or devascularize each 
parathyroid gland as soon as it is identified. As each one is 
identified, it is best to biopsy part of the gland for confirma- 
tion and temporarily keep a portion in situ. Once all four 
glands are histologically confirmed, the most viable residual 
gland should be selected for preservation in situ, and then 
excision of the other glands can be performed. Some of the 
excised parathyroid glands should be cryopreserved for pos- 
sible future use. Approximately 30 to 40 g of parathyroid tis- 
sue should be prepared for reimplantation. It is preferable 
to reimplant into the brachioradialis muscle of the patient's 
nondominant hand. The parathyroid tissue is incised into 
approximately 1 x 1 x 3 mm pieces (Fig. 134.7A) and each 
piece is microsurgically reimplanted into the brachiora- 
dialis muscle. Each reimplantation site should be marked 
with hemoclip and/or colored permanent suture for ease 
of identification if the need arises to someday excise hyper- 
plastic reimplanted tissue (Fig. 134.7B). 

The decision to perform subtotal versus total parathy- 
roidectomy depends on the disease and to some extent sur- 
geon’s preference. Those with hyperplasia due to 1° HPT 
should undergo subtotal parathyroidectomy, with the goal 
for the intraoperative rapid parathyroid hormone (IOPTH) 
to return to the mid-normal range. Most would also 
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Figure 134.6 Ultrasound showing intrathyroid parathyroid. 


reimplant some of the excised parathyroid tissue in the 
forearm, although one could argue that if the IOPTH at the 
end of the exploration is in midnormal range, reimplan- 
tation may not be necessary. Regardless, some of the tis- 
sue should be cryopreserved. Extent of parathyroidectomy 
is more controversial for 2° HPT or tertiary hyperparathy- 
roidism. Unlike 1°HPT, chronic renal failure with hypo- 
calcemia is a strong stimulus for parathyroid hyperplasia. 
Therefore, if subtotal parathyroidectomy is performed, 
any glandular tissue left behind can become hyperplastic 
again in the future in these patients. Consequently, some 
argue that total parathyroidectomy with reimplantation 
in the forearm is preferred in these patients to obviate the 
need for neck reexploration. Elevated preoperative cal- 
cium and post-op IOPTH levels were significant predictors 
for recurrent disease, while postoperative PTH less than 
10 pmol/L had a positive predictive value of 97.5% for 
cure (39). For those who are younger patients, post kid- 
ney transplants, or candidates for kidney transplantation, 
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Figure 134.7 A: Parathyroid gland cut and prepared for reimplantation. B: Reimplanted sites in 
brachioradialis muscle marked with hemoclips. 


subtotal parathyroidectomy may be appropriate, whereas 
total parathyroidectomy with autotransplantation may be 
recommended for patients expected to undergo long-term 
dialysis who are not candidates for transplantation (33). 


Minimally Invasive Parathyroidectomy 


The traditional approach for years in parathyroid surgery 
has been to perform bilateral exploration and examine 
all four parathyroid glands. With the ability to preop- 
eratively localize an adenoma with imaging modalities 
unilateral exploration became acceptable, where the local- 
ized adenoma is excised and presence of another normal 
gland on the same side is confirmed. The limitation of this 
approach is that a second adenoma (double adenoma) 
on the contralateral side can be missed. In 1991, Irvin 
etal. introduced the concept of rapid measurement of intact 
PTH intraoperatively. The intact PTH has a very short half- 
life of approximately 2 to 4 minutes. Therefore, following 
successful removal of a single parathyroid adenoma, mea- 
surement of intact PTH level shortly after removal of an 
adenoma can be used to predict success of surgery. Several 
studies have shown that following excision of a localized 
adenoma, IOPTH accurately predicts presence or absence 
of other functioning glands (40-43). With this approach, 
it is no longer necessary to explore multiple glands, and 
the risk of missing multiglandular disease is reduced. With 
the ability to preoperatively localize an adenoma and use 
IOPTH assay, parathyroid surgery has evolved into focused 
exploration with single-gland excision. A 2002 study on 
worldwide trends in parathyroid surgery reported that 
60% of surgeons perform minimally invasive single-gland 


excision rather than bilateral exploration (44). Minimally 
invasive focused parathyroidectomy begins with a small 
incision in the area of a suspected adenoma. Most centers 
use IOPTH to confirm absence of other hyperfunctioning 
glands. A preexcision level is typically drawn at the time 
of anesthetic induction and/or right after the parathyroid 
adenoma is mobilized for excision. A postexcision level is 
then drawn 10 to 15 minutes after the adenoma is excised. 
A drop of more than 50% from the preexcision value is the 
most commonly used criteria for successful parathyroidec- 
tomy. 


Pitfalls of IOPTH 


Several validation studies evaluated IOPTH levels pre- and 
postexcision of abnormal gland(s) during conventional 
bilateral exploration (45-48). One pitfall of IOPTH is that 
the postexcision may fall below 50% of baseline yet one or 
more enlarged gland still remains. This is defined as a false- 
positive result. Gauger et al. (45) reported 55% false-positive 
rate in 20 patients during conventional bilateral explora- 
tion, all due to double adenomas. Similarly, Jaskowiak 
et al. (46) reported 50% false-positive and 50% true-neg- 
ative rates for IOPTH when double adenomas are present. 
To explain this false-positive phenomenon with double 
adenomas, some hypothesize that the second adenoma, 
which is usually the smaller one, may not be hypersecre- 
tory. Therefore, if the second gland is not biochemically 
significant, the IOPTH value will actually drop below 
50% after excision of the “active” one. Even with 4-gland 
hyperplasia, IOPTH may exhibit kinetics similar to that of 
single adenomas. For example, one study reported that in 
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12.5% of patients who were undergoing surgery for known 
hyperplasia from MEN1 syndrome, the kinetics of IOPTH 
was similar to that seen with a single adenoma (49). 

False-positive rates have been reported to range from 
2% to 13%, giving an overall specificity rate of approxi- 
mately 90% (48,50,51). Thus while IOPTH significantly 
reduces the chances of missing multiglandular disease, 
operative morbidity, and length of hospital stay, it can still 
potentially miss multiple gland pathology, which may 
result in need for reoperation. Hallfeldt et al. reported 
that in 2 of 36 patients in whom they used the 50% 
criteria, but the absolute IOPTH value remained above 
normal range, the IOPTH levels began to elevate again 
postoperatively. One of these two patients were reex- 
plored and found to have hyperplasia (48). Karakousis 
et al. (51) also reported that in their patients with multi- 
glandular disease, IOPTH had a false-positive rate of 29% 
if the IOPTH drops by 50% but does not return to nor- 
mal range, and that this would be lower if a more strin- 
gent criteria was used (51). To reduce false-positive rates, 
the use of a more stringent criteria has been proposed, 
such as postexcision level less than 50% of preexcision 
level and must also return within normal range (52). 
Therefore, if the postexcision level does not meet both 
of these criteria, one or more hyperfunctioning glands 
remain in the patient and the remaining glands should 
be explored systematically. 

Conversely, a false-negative result is defined as IOPTH 
failing to fall below 50% when no additional enlarged 
glands remain. One possible mechanism for such false- 
negative values is that there can be a sudden rise in circulat- 
ing PTH during manipulation of the adenoma; therefore, if 
the 5-minute postexcision value is compared to a baseline 
drawn before manipulation, it may not be less than 50% of 
baseline or sometimes can actually be higher than the base- 
line. For example, if the PTH level is 110 pg/dL at the time 
of induction and surges to 300 pg/dL after manipulation 
of the adenoma, a postexcision level drawn 5 minutes after 
removal may drop to 60 pg/dL, which is not less than 50% 
when compared to the 110 pg/dL preexcision level, yet it is 
certainly greater than a 50% drop in relation to the second 
level drawn. Therefore, if only the first prelevel is available 
for comparison, it may lead to unnecessary further explora- 
tion because technically the patient has not met the criteria 
for biochemical cure. Because of this some surgeons draw 
a second “pre” level just before excision of the adenoma 
and compare the postexcision level to the higher of the 
two preexcision levels. Another reason for false-negative 
results is slower kinetics for PTH clearance. To get around 
this problem one can delay the first postexcision draw until 
10 or 15 minutes after excision of the adenoma. Another 
option would be to draw the IOPTH at either 10 minutes 
or 15 minutes after excision, at which time the values may 
be close to 50% of baseline. The false-negative rate ranges 
from 3% to 8% in the literature, giving an overall sensitiv- 
ity rate of approximately 95% (50,53-55). A false-negative 
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result potentially can subject the patient to unnecessary 
additional neck exploration at the time of primary surgery. 

To date, no uniform guidelines have been formulated 
to interpret IOPTH values. The goal is to achieve a high 
sensitivity and specificity. One achieves high specificity by 
reducing false-positive rate, and high sensitivity by lower- 
ing false-negative rate. Attempts to reduce the failure rate by 
adding a more stringent criterion minimizes the incidence 
of false-positives and increase specificity. However, this is at 
the expense of raising false-negative rate and thus a lower 
sensitivity, which results in unnecessary further explora- 
tions. Reported specificity and sensitivity rates in the lit- 
erature are somewhat inconsistent, which makes it difficult 
to find the right balance. Lombardi proposed more than a 
50% decrease from the highest preexcision level and/or an 
IOPTH level within the normal range 20 minutes after exci- 
sion to predict surgical cure and postoperative normocalce- 
mia. Ozimek et al. (42) also proposed more than a 50% 
decrease from the highest PTH level plus a decrease to the 
normal range within 15 minutes and reporting 97% sensi- 
tivity but reducing the specificity to 88% (42). The need for 
IOPTH has also been questioned in recent years (56-60). 
A number of authors have reported failure rates of only 1% 
to 3% when IOPTH was not used during MIP (57,60,61). 
Based on these results, a viable option when preoperative 
ultrasound and sestamibi studies are concordant would be 
not to measure PTH intraoperatively but to delay it until 
later the same day or next day in order to avoid unneces- 
sary conversion to more extensive neck exploration. A cost 
analysis by Aggarwal et al. (61) showed that this approach 
could theoretically reduce the cost by one-third, factoring 
in the risk of unnecessary conversion exploration (61). 


Minimally Invasive Radioguided 
Parathyroidectomy 


Radioguided parathyroidectomy, in which technetium 
sestamibi is injected prior to surgery and a gamma probe 
is then used to compare the radioactive level before 
and after excision adenoma, has also been described as 
another way to accomplish minimally invasive targeted 
parathyroidectomy. Following excision of the adenoma, 
the radioactive counts of the adenoma as well as the back- 
ground are obtained. If the ex vivo count on the adenoma 
is greater than 20% of background count, the patient 
is considered to have only one adenoma and surgery is 
deemed successful. This minimally invasive radioguided 
parathyroidectomy is referred to as MIRP. It should be 
cautioned that ex vivo radioactivity percentages can dif- 
ferentiate hyperactive parathyroid tissue from any other 
tissue, but they cannot differentiate adenoma from hyper- 
plasia and thus are not helpful in ruling out multiglan- 
dular disease (62). Some surgeons also combine MIRP 
with the use of IOPTH to confirm biochemical cure. The 
cure rate with radioguided parathyroidectomy has been 
reported to be as high as 98% (63-65). 


2140 Section VII: Head and Neck Surgery 


Outcome of Minimally Invasive 
Parathyroidectomy versus Bilateral 
Exploration 


Several retrospective studies comparing the outcome of 
MIP with IOPTH to that of conventional bilateral explo- 
ration have shown that the success rates of the MIP were 
similar to or better than that of bilateral exploration 
(24,43,47,66-68). Furthermore complication rates tend to 
be lower. Burkey et al. compared the outcome of three dif- 
ferent approaches, gamma probe (n = 50), IOPTH (n = 50), 
and bilateral exploration (n = 50). The cure rates were 98%, 
100%, and 96%, respectively, and the complication rate 
was higher in the bilateral exploration group compared to 
the other two (66). Similarly, Boggs et al. (67) reported a 
failure rate of 1.5% when Sestamibi and IOPTH were used 
versus 5% when bilateral exploration was performed with- 
out IOPTH. In a study to evaluate whether or not IOPTH 
improves the results of parathyroidectomy, Miura et al. 
(43) showed that by adding IOPTH to the operation, the 
accuracy of Sestamibi scan improved from 83% to 92%, 
and the accuracy of ultrasound improved from 71% to 
86%. These results were validated by Udelsman et al. (68) 
recently in a comparison study of a large cohort of 1,650 
patients undergoing parathyroidectomy that demonstrated 
the superiority of MIP to bilateral exploration. The cure 
rate was 99.4% with a complication rate of 1.45% in the 
MIP group compared to conventional exploration with a 
cure rate of 97.1% and a complication rate of 3.10%. A pro- 
spective blinded randomized study also showed that the 
cure rates were similar between MIP and bilateral explo- 
ration, but MIP had lower postoperative pain, lower anal- 
gesic request rate, lower analgesic consumption, shorter 
scar length, better cosmetic satisfaction rate in a short time 
period (69). 


Surgical Techniques 


MIP can be performed under local anesthesia with intrave- 
nous sedation or under general anesthesia. Two approaches 
can be used—anterior and lateral. Most surgeons utilize 
the anterior approach because of familiarity from perform- 
ing thyroidectomy; however, the lateral approach can also 
be useful. 


Anterior Approach 

The patient is placed in supine position and a midline 
curvilinear 2 to 3 cm incision is drawn at the level of the 
adenoma. An ultrasound can also be performed prior to 
marking the patient to assist in placement of the incision. 
The strap muscles are separated along the median raphae 
laterally on the side of the adenoma. When excising glands 
that are located inferior to the thyroid lobe or just poste- 
rior to the inferior pole the trachea or inferior thyroid pole 
is retracted medially and the gland should be easily iden- 
tified (Fig. 134.8). For more superiorly located adenomas 


Figure 134.8 Minimally invasive parathyroidectomy using anterior 
approach: Right inferior parathyroid adenoma (P) identified poste- 
rior to the inferior pole of thyroid. Top of photo is cephalad. 


the thyroid lobe is retracted medially and rotated to expose 
the posterior surface. Blunt dissect is then used to search 
for the adenoma. One should be cognizant of the location 
of the recurrent laryngeal nerve in dissecting these glands. 
Especially for glands located lateral or posterior to the 
esophagus, it is important to look for the recurrent laryn- 
geal nerve, which often may course anterior to the ade- 
noma. After identification of the adenoma, it is removed 
using blunt dissection. Small feeding vessels can be iso- 
lated and cauterized on the capsule of the parathyroid 
gland. Hemostasis is achieved and the incision is closed in 
two layers. 


Lateral Approach 

This approach allows better exposure to posteriorly 
located adenomas without having to extensively retract 
the thyroid lobe, thus allowing the performance of the 
procedure local/sedation (70). The incision is placed more 
laterally between the midline and the anterior border of 
the sternocleidomastoid muscle. The sternocleidomastoid 
muscle is retracted laterally to expose the strap muscles 
(Fig. 134.9A). The ansa hypoglossi nerve is identified 
coursing along the posterior edge of the strap muscles. 
The muscle is then retracted medially, exposing the inter- 
nal jugular vein and carotid artery (Fig. 134.9B and C). 
The vagus nerve may also be encountered during the dis- 
section. The vein, artery, and vagus nerve are retracted lat- 
erally, exposing the thyroid capsule (Fig. 134.9C). Again, 
using the ultrasound images or intraoperative ultrasound, 
dissection is targeted at the exact location of the adenoma 
(Fig. 134.9D). 

Once identified, the same steps are carried out for exci- 
sion and closure as described in the anterior approach. 
When excising adenomas located posteriorly on the pre- 
vertebral fascia, it is important to be cognizant of the recur- 
rent laryngeal nerve (Fig. 134.10), which can course right 
over the adenoma or just medial to it. 
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Minimally invasive parathyroidectomy using lateral approach for left superior 
adenoma. A: The sternocleidomastoid muscle (SCM) is retracted laterally and strap muscles are 
retracted medially; B: The internal jugular vein (IJV), omohyoid (OMO), and ansa hypoglossi are 
exposed; C: The carotid artery is exposed, which will be retracted laterally; D: After the strap 
muscles with the ansa are retracted medially, the thyroid is exposed with parathyroid adenoma (P) 
posterior to it. 


Approximately 1% to 2% of parathyroid adenomas are 
located in the upper mediastinum. Once identified on ses- 
tamibi scan (Fig. 134.11), CT with contrast or MRI should 
be obtained for surgical planning. Traditionally surgical 
treatment required sternotomy or thoracotomy (71,72). In 
recent years, resection of these adenomas can be accom- 
plished via mediastinoscopy using a suspension scope, or 
thorascopically through intercostals space depending on 
its location (73,74). Recovery and post-op complications 


with these minimally invasive approaches are lower than 
that of traditional thoracotomy. 


Parathyroid carcinoma should be suspected if the patient 
presents with very high plasma calcium (greater than 
13 mg/dL) or PTH levels, a palpable mass in the area 
of localized adenoma, suspicious lymphadenopathy, 
or high depth-width ratio of the mass on ultrasound. 
Intraoperatively the diagnosis of carcinoma should be 
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Figure 134.10 Left inferior paraesophageal adenoma (outlined 
by blue arrows) with recurrent laryngeal nerve (black arrows) cours- 
ing over it. 


entertained if the mass is adherent to surrounding tis- 
sues, since benign parathyroid adenomas typically “shell 
out” easily with blunt dissection. If any of the above is 
present, frozen section should be performed. Making a 
definitive diagnosis of parathyroid carcinoma intraop- 
eratively is extremely difficult, since the main criteria for 
such diagnosis are vascular invasion, perineural space 
invasion, capsular penetration with growth into adjacent 
structures, or metastases. High mitotic rate and consider- 
able thick fibrous bands coursing throughout the gland 
can be seen on frozen section, but they are not diagnos- 
tic (Fig. 134.12). If the diagnosis is either confirmed or 
highly suspicious, complete en bloc resection, including 
hemithyroidectomy and paratracheal dissection, should 


Figure 134.11 Sestamibi scan showing right superior mediasti- 
nal adenoma (arrow). 


Figure 134.12 Histology of parathyroid carcinoma—Atypical 
chief cells with extensive fibrous bands. 


be performed. Recurrence is usually in cervical nodes. The 
most common site of distant metastasis is lungs. Morbidity 
and mortality of recurrent parathyroid carcinoma usually 
result from unremitting hypercalcemia and its complica- 
tions rather than mass effect of tumor burden. Treatment 
of locoregional recurrent parathyroid carcinoma is primar- 
ily surgery, since it generally responds poorly to radiation 
or chemotherapy. Treatment of advanced disease is pri- 
marily targeted at controlling hypercalcemia with bisphos- 
phonate and calcimimetic agents. 


POSTOPERATIVE CARE 


Patients undergoing bilateral exploration may be at risk 
of developing hypocalcemia postoperatively and therefore 
have traditionally been admitted for overnight observa- 
tion. Potential causes of post-op hypocalcemia after bilat- 
eral exploration and parathyroidectomy include injury and 
devascularization of remaining glands, calciuretic effect 
of intravenous fluid, decreased PTH production from the 
remaining suppressed parathyroids, and hungry bones 
syndrome. Patients who have undergone subtotal para- 
thyroidectomy for hyperplasia are even more at risk, since 
the small volume of parathyroid left in situ may become 
devascularized. Virtually all who are treated with total 
parathyroidectomy and reimplantation for 2° HPT or ter- 
tiary hyperparathyroidism will be hypocalcemic post-op 
until the reimplanted tissue establishes a blood supply and 
regains normal function. 

Those admitted for observation following 4-gland 
bilateral exploration should be assessed for symptoms 
of hypocalcemia such as paresthesias of hands, feet, or 
perioral region as well as muscle spasms. Early signs of 
hypocalcemia include: (a) Chovstek sign where tapping 
preauricularly elicits twitching of the ipsilateral face, and 
(b) Trussou sign where inflation of a blood pressure cuff 
elicits cramping in the extremity. Severe hypocalcemia 
can induce muscle cramping, tetany, seizures, and cardiac 
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arrhythmias. Calcium levels should be checked starting the 
next morning, and two levels should be drawn 6 to 8 hours 
apart since the calcium may not drop until well beyond 
24 hours after surgery. The patient can be discharged if 
the sequential calcium levels are stable or demonstrate an 
upward trend. 

Another approach to facilitating safe and early discharge 
after bilateral exploration is routine empiric supplemen- 
tation of calcium with or without calcitriol (vitamin D). 
Patients would then be discharged on supplementation if 
the plasma calcium is normal the following morning. If 
this approach is to be taken, the patient should be edu- 
cated on symptoms of hypocalcemia and instructed to 
call should symptoms develop. The disadvantage of this 
approach with routine administration of calcium and vita- 
min D replacement is that measurement of postoperative 
calcium to ensure biochemical cure of disease may be inac- 
curate. 

In recent years IOPTH following total thyroidectomy 
has been used to predict the risk of developing hypocalce- 
mia and plan early discharge. The same concept can also 
be applied to management of patients following 4-gland 
exploration. Noordzij et al. (75) pooled results of post- 
thyroidectomy PTH measurements in 457 patients from 
9 studies and found that the immediate post-op PTH 
was less than 10 pg/mL in those who became hypocalce- 
mic. Other studies have found that the absolute value of 
IOPTH level at which the patient is at risk of becoming 
hypocalcemic ranged from 8 to 16 pg/mL (or 1.7 to 3.7 
pmol/L) (76-81). Based on these studies, one can extrap- 
olate that if the post-op PTH is greater than 16 pg/mL the 
patient can be safely discharged without supplements. 
There is no concrete algorithm for managing post-op 
calcium utilizing post-op IOPTH level. Figure 134.9 out- 
lines a suggested algorithm. If post-op IOPTH is above 
10 pg/mL and the morning calcium is within normal 
range, the patient can be discharged. If post-op IOPTH is 
below normal range (i.e., less than 5 pg/dL), oral calcium 
supplement (see below for dosage) should be initiated 
along with calcitriol 0.5 mcg daily. Two sequential cal- 
cium levels should be drawn 6 to 8 hours apart the next 
day since. The patient can be discharged if sequential 
calcium levels demonstrate an upward trend. If IOPTH 
is between 5 and 10 pg/mL, and the morning calcium 
level is below normal range, oral calcium supplemen- 
tation should be initiated. The calcium level should be 
rechecked in 6 hours and monitored as described above. 
If the calcium is less than 7 mg/dL, or the patient experi- 
ences cramps, calcium gluconate should be administered 
intravenously as outlined below. 

Surgeons and endocrinologists employ a variety of dif- 
ferent postoperative regimens for treatment of hypocalce- 
mia. While there is no consensus on this issue, there are 
some general principles which can guide medical manage- 
ment of hypocalcemic patients after parathyroidectomy. 
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Should symptoms develop or serum calcium values cor- 
rected for albumin drop below 8.0 mg/dL, oral calcium 
carbonate should be initiated at a dose of 1.5 to 4 g/d. 
Patients with severe hypocalcemia, that is, less than 
7.0 mg/dL, or severe symptoms such as cramps and tetany 
require replacement with intravenous calcium gluconate. 
Calcium gluconate is preferred over calcium chloride for 
intravenous administration, as the latter is associated with 
increased risk of tissue necrosis. If only the chloride form 
is available and must be used, it should be administered 
via a central venous line. The initial dose for infusion is 
1 g (93 mg of elemental calcium) to 2 g diluted in 250 mL 
of dextrose solution given over 10 to 20 minutes. If the 
calcium persistently remains below 7 mg/dL, a continuous 
intravenous infusion should be initiated. Continuous infu- 
sion is typically given as 10 g/L solution infused at a rate of 
1 to 3 mg of elemental calcium/kg/h. These patients should 
be monitored since they can potentially develop electro- 
cardiogram (EKG) changes. Vitamin D should be admin- 
istered, as it is the mainstay of therapy in the treatment of 
hypoparathyroidism. A variety of vitamin D preparations 
are available, including ergocalciferol (vitamin D,), cho- 
lecalciferol (vitamin D,), and calcitriol, which is the bio- 
logically active form of vitamin D (1,25-dihydroxyvitamin 
D,). Calcitriol should be used instead of the inactive forms 
(D,, D,) in hypoparathyroid patients, since there is a lack 
of PTH to convert the inactive form to active form. The 
typical dose of calcitriol is 0.25 to 0.5 mcg daily. 

Special consideration should be given to management 
of hypocalcemia in patients with 2° HPT or tertiary hyper- 
parathyroidism who undergo subtotal/total parathyroid- 
ectomy with reimplantation. They can develop profound 
hypocalcemia post-op as a result of the total parathyroid- 
ectomy and/or severe hungry bone. These patients require 
continuous intravenous calcium infusion with titration 
to maintain ionized calcium above 1.0 mmol/L. lonized 
calcium levels should be monitored every 6 hours along 
with daily magnesium and phosphorous levels. Oral cal- 
cium and calcitriol should also be initiated simultaneously 
in maximum dose and then tapered when the reimplanted 
tissue starts to produce PTH. It is optimal to manage these 
patients jointly with nephrology or transplant team. 

Patients undergoing minimally invasive parathyroid- 
ectomy can be discharged on the same day, since their risk 
of hypocalcemia is low. They may develop delayed hypo- 
calcemia due to hungry bone syndrome, which if does 
occur typically will be after 2 to 3 days post-op. Therefore, 
patients should be instructed to call if they experience 
symptoms of hypocalcemia. In that setting they should 
be treated with oral calcium supplements and a calcium 
level should be checked as previously described. Some 
patients who have had chronically very high calcium 
levels in the 11 to 12 mg/dL range may experience these 
symptoms even though their post-op calcium is within 
normal range. 
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The most common cause of primary hyperparathy- 
roidism is a single adenoma 

Secondary hyperparathyroidism is associated with 
chronic renal disease and 4-gland hypertrophy 
Serum calcium over 13 mg/dL suggests malignancy 
Symptoms of hyperparathyroidism include mus- 
culoskeletal pain, nephrolithiasis, gastrointestinal 
upset, and neuropsychiatric conditions (“bones, 
stones, groans, and psychiatric overtones”) 
Hypercalcemia may be due to thiazide diuresis, 
immobilization, malignancy, and granulomatous 
diseases 

Elevate serum calcium and PTH with low 24-hour 
urine calcium suggests FHH 

Failure of 10 PTH to fall by over 50% into the nor- 
mal range after excision of an adenoma may indi- 
cate a double adenoma 

Very low 10 PTH (below 16 pg/mL) often predicts 
postoperative hypocalcemia 
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Otolaryngologists are frequently the portal for diagnosis 
and treatment of sleep disorders for patients with snoring 
or other airway complaints. Although sleep apnea is the 
most common sleep disorder encountered in an otolaryn- 
gology practice, most patients have a combination of several 
sleep disorders contributing to their symptomatology. 
Sleep affects every aspect of life from the feeling of general 
well-being to insulin metabolism, cardiovascular health, 
and cognitive functioning. Because of this gateway role, an 
awareness and expertise in the diagnosis and management 
of all sleep disorders are necessary for otolaryngologists. 


The average adult needs 8.25 hours of sleep to feel rested. 
Normal sleep is divided into non-rapid eye movement 
(NREM) and rapid eye movement (REM) sleep. NREM 
sleep accounts for 75% to 80% of sleep time in normal 
sleep. NREM sleep is further divided into progressively 
deeper stages of sleep: stage N1, stage N2, and stage N3 
(deep or delta-wave sleep) (Table 135.1). Each of these four 
stages of sleep has identifying patterns on electroencepha- 
lography (EEG) tracings. Sleep is entered through NREM 
sleep, and the normal sleep cycle is generally approxi- 
mately 90 minutes in length with a period of REM sleep. 
Delta- or slow-wave sleep, stage N3, usually dominates the 
first third of the night’s sleep, while REM sleep dominates 
the last third (Fig. 135.1). After age 55, stage N3 or slow- 
wave sleep decreases, and wake after sleep onset (WASO), 
arousals, and awakenings increase (Fig. 135.2). 


The International Classification of Sleep Disorders (ICSD- 
2) lists more than 80 specific sleep disorder diagnoses 
within eight major categories (Table 135.2) (1). The list 
demonstrates the complexity involved in making an 
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accurate diagnosis. Review of the differential diagnosis and 
evaluation of the sleepy patient serve to highlight many of 
the common sleep disorders encountered in an otolaryn- 
gologic practice. Fatigue or excessive daytime sleepiness 
(EDS), defined as an Epworth Sleepiness Scale (ESS) 210, is 
one of the most common complaints among patients who 
present to an otolaryngologist with snoring. EDS affects 
approximately 12% of the general adult population. The 
number of affected patients climbs to 20% to 25% in the 
primary care physicians’ practice (2). The 2008 National 
Sleep Foundation (NSF) survey revealed that 36% of 
Americans drive drowsy or have fallen asleep while driv- 
ing. Sleepiness and fatigue are usually caused by volun- 
tary sleep deprivation or by an underlying sleep disorder. 
Anything that disturbs or disrupts sleep can lead to sleepi- 
ness or fatigue. 

Sleepiness is a presenting complaint in a wide range of 
sleep disorders including obstructive sleep apnea (OSA), 
obesity-hypoventilation syndrome (OHS), central sleep 
apnea (CSA), voluntary sleep restriction, poor sleep 
hygiene, restless legs syndrome (RLS), periodic limb move- 
ment disorder, narcolepsy, circadian rhythm disorders, and 
insomnia (Table 135.3). The sleepy patient can even be dif- 
ficult to identify with the standard questionnaires, such as 
the ESS. Many patients with obstructive sleep apnea syn- 
drome (OSAS) and other sleep disorders will complain 
of tiredness, fatigue, and lack of energy rather than sleepi- 
ness (3). Failure to ask about these additional symptoms 
may lead to a failure to diagnose a significant, treatable 
sleep disorder. Some sleep disorders, particularly OSAS 
and RLS, disrupt sleep and cause functional sleep depri- 
vation. These patients have manifestations of sleep depri- 
vation even if they spend adequate time in bed. Medical 
problems including fibromyalgia, genitourinary disorders, 
gastrointestinal disorders, and chronic pain may disrupt 
sleep. The sleep disruption may manifest in an increased 
arousal index in the polysomnogram (PSG). The arousal 
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TABLE 
135.1 NORMAL SLEEP ARCHITECTURE 
Identifying 
Sleep Arousal Characteristics in % of Total 
Stage Threshold EEG/PSG Tracings Sleep Time 
Stage N1 Low Theta waves on EEG 1%-5% 


Slow rolling eye 
movement, vertex 
sharp waves 

K complexes 

Sleep spindles 


Stage N2_— High 45%-55% 


Stage N3__ Highest Delta waves 20%-25% 
REM or Variable Sawtooth waves or 20%-25% 
Stage R EEG activation, REMs 


and muscle atonia 


index represents the number of EEG arousals or partial 
awakenings per hour of sleep. 


Sleep-Disordered Breathing 


Obstructive Sleep Apnea 

Sleep-disordered breathing (SDB) describes a group of 
disorders characterized by abnormalities of respiratory 
pattern (pauses in breathing) or the rate of ventilation dur- 
ing sleep. The spectrum of SDB includes OSA, OHS, and 
CSA. OSA is a common medical condition with significant 
adverse consequences, but OSA remains undiagnosed in 
many individuals. The prevalence of OSA in the United 
States is currently estimated to be between 5% and 10% 
(4). Higher prevalence rates are found among specific pop- 
ulation subsets, such as individuals who are older, over- 
weight, or have concomitant medical comorbidities (5). 
It is estimated that only 10% of the population has been 
adequately screened for appropriate diagnosis (6). Risk 
factors for the diagnosis of OSA include male gender, obe- 
sity, age over 40, history of hypertension, smoking, alcohol 
use, anatomic characteristics that narrow the upper airway, 
and a family history of sleep apnea (7). 


WAKE 
REM 


N1 


N2 


Figure 135.2 Changes in sleep with age in normal humans. 
(Reprinted with permission from Ohayon MM, Carskadon MA, 
Guilleminault C, et al. Meta-analysis of quantitative sleep param- 
eters from childhood to old age in healthy individuals: develop- 
ing normative sleep values across the human lifespan. Sleep 2004; 
27:1255-1273.) 


The typical patient with OSA complains of snoring, 
EDS, witnessed apneas, and disrupted sleep. However, up 
to 75% of patients with OSA present with fatigue, tired- 
ness, or lack of energy as their primary complaint rather 
than sleepiness (8). Many patients with OSA do not have 
a history of witnessed apneas. Younger, leaner patients and 
women tend to experience sleep disruptions or arousals 
instead of apneas during sleep (9). Patients may also pres- 
ent with cognitive complaints such as memory deficits or 
mood disorders. 

Women with OSA may have different presenting symp- 
toms than those typically described in the male popula- 
tion (10). Women are more likely to complain of insomnia 
and are more likely to have a history of depression and 
hypothyroid disease. They drink fewer caffeinated and 
alcoholic beverages than their male counterparts with 
OSA. Awareness of the variety of presenting complaints of 
patients with sleep apnea assists in timely diagnosis and 
treatment. 

The association of cardiovascular sequelae and OSA is 
well documented. There is an increased risk of hypertension, 
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10 pm 
Figure 135.1 Normal young adult sleep 
hypnogram. 
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TABLE 


135.2 INTERNATIONAL CLASSIFICATION OF SLEEP DISORDERS-2 
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|. Insomnia Hypersomnia not due to substance or known 327.15 
Adjustment insomnia 307.41 physiologic condition 
Psychophysiologic insomnia 307.42 Physiologic (organic) hypersomnia, unspecified 327.10 
Paradoxical insomnia 307.42 (organic hypersomnia, NOS) 
Idiopathic insomnia 307.42 IV. Circadian rhythm sleep disorders 
Insomnia due to mental disorder 327.02 Circadian rhythm sleep disorder, delayed 327.31 
Inadequate sleep hygiene v69.4 sleep phase type (delayed sleep phase 
Insomnia due to drug or substance 292.85 disorder) 
For alcohol use 291.82 Circadian rhythm sleep disorder, advanced 327.32 
Insomnia due to medical condition 327.01 sleep phase type (advanced sleep phase 
Insomnia not due to substance or known physi- 780.52 disorder) 
ologic condition, unspecified (nonorganic Circadian rhythm sleep disorder, irregular 327.33 
insomnia, NOS) sleep-wake type (irregular sleep-wake rhythm) 
Physiologic (organic) insomnia, unspecified 327.00 Circadian rhythm sleep disorder, free-running 327.34 
ll. Sleep-related breathing disorders type (nonentrained type) 
Primary CSA 327.21 Circadian rhythm sleep disorder, jet lag type (jet 327.35 
Cheyne-Stokes breathing pattern 786.04 lag disorder) 
High-altitude periodic breathing 327.22 Circadian rhythm sleep disorder, shift work type 327.36 
CSA due to medical condition not Cheyne-Stokes 327.27 (shift work disorder) 
CSA due to drug or substance 327.29 Circadian rhythm sleep disorder due to medical 327.37 
OSA, adult 327.23 condition 
Sleep-related nonobstructive alveolar hypoventila~- 327.24 Other circadian rhythm sleep disorder (circadian 327.39 
tion, idiopathic rhythm disorder, NOS) 
Sleep-related hypoventilation/hypoxemia Other circadian rhythm sleep disorder due to 292.85 
Due to pulmonary parenchymal or vascular 327.26 drug or substance 
pathology For alcohol use 291.82 
Sleep-related hypoventilation/hypoxemia V. Parasomnias 
Due to lower airways obstruction 327.26 Confusional arousals 327.41 
Sleep-related hypoventilation/hypoxemia due to 327.26 Sleepwalking 307.46 
neuromuscular and chest wall disorders Sleep terrors 307.46 
Other sleep-related breathing disorders 327.20 REM sleep behavior disorder (Including 327.42 
lll. Hypersomnias of central origin not due to a parasomnia overlap disorder and status 
circadian rhythm sleep disorder, sleep-related dissociatus) 
breathing disorder, or other cause of disturbed Recurrent isolated sleep paralysis 327.43 
nocturnal sleep Nightmare disorder 307.47 
Narcolepsy with cataplexy 347.01 Sleep-related dissociative disorders 300.15 
Narcolepsy without cataplexy 347.00 Sleep-related groaning (catathrenia) 327.49 
Narcolepsy due to medical condition without 347.10 Exploding head syndrome 327.49 
cataplexy Sleep-related hallucinations 368.16 
With cataplexy 347.11 Sleep-related eating disorder 327.49 
Narcolepsy, unspecified VI. Sleep-related movement disorders 
Recurrent hypersomnia (including Kleine-Levin 327.13 RLS 333.99 
syndrome & menstrual-related hypersomnia) Periodic limb movement disorder 327.51 
Idiopathic hypersomnia with long sleep time 327.11 Sleep-related leg cramps 327.52 
Idiopathic hypersomnia without long sleep time 327.12 Sleep-related bruxism 327.53 
Behaviorally induced insufficient sleep syndrome 307.44 Vill. Other sleep disorders 
Hypersomnia due to medical condition 327.14 Other physiologic (organic) sleep disorder 327.80 
Hypersomnia due to drug or substance (abuse) evens Other sleep disorder not due to substance or 307.40 
For alcohol ae a71,B2 known physiologic condition 
Hypersomnia due to drug or substance 292.85 Environmental sleep disorder 307.48 


(medications) 


Index of the ICSD-2 reprinted with permission. 


myocardial infarction (MI), and cardiovascular accident in syndrome (13). This association seems to be dose-related, 
those with moderate to severe OSA (11). OSA syndrome —_ more severe OSA, as defined by the apnea-hypopnea index 
significantly increases the risk of stroke or death from (AHI), associated with more severe metabolic syndrome, 
any cause, and the increase is independent of other risk —_ and it is independent of the body mass index (BMI) (14). 
factors, including hypertension (12). OSA is also associ- Physical characteristics including a BMI > 30, neck circum- 
ated with an increase in insulin resistance and metabolic ference greater than 17 inches in men and a BMI > 30, 
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TABLE 
135.3 COMMON CAUSES OF EDS 
Inadequate Poor-Quality Central 
Sleep Sleep Etiology Other 
Voluntary SDB Narcolepsy Metabolic 
sleep 
restriction 
Insomnia RLS/periodic limb — Idiopathic Neurologic 
movement hypersomnia 
disorder 
Circadian Pain/fibromyalgia | Posttraumatic Mood 
rhythm hypersomnia disorders 
disorder 
Poor sleep Infection 
hygiene 


neck circumference greater than 141% inches in women, 
retrognathia, and tonsillar hypertrophy are associated with 
an increased risk of OSA. 

The diagnosis of OSA is made with either in-lab poly- 
somnography or a home sleep study. 

The frequency of apneas and hypopneas per hour of 
sleep is expressed as the “apnea—hypopnea index” or the 
AHI (number of apneas plus hypopneas per hour of sleep). 
The respiratory disturbance index (RDI) includes the total 
of apneas, hypopneas, and respiratory effort-related arous- 
als (RERAs) per hour of sleep. When a portable monitor is 
used that does not record EEG or measure sleep, the RDI 
refers to the number of apneas plus hypopneas per hour of 
recording (15). OSA severity is defined by the AHI or the 
RDI as measured by a PSG or cardiorespiratory sleep study 
(Table 135.4). 


Obesity—Hypoventilation Syndrome 

OHS, historically known as the Pickwickian syndrome 
(16), consists of the triad of obesity, SDB, and chronic 
hypercapnia during wakefulness in the absence of other 
known causes of hypercapnia (17). Its exact prevalence 
is unknown, but it has been estimated that 10% to 20% 
of obese patients with OSA have hypercapnia (18). Of 
the patients with OHS, 90% have OSA, but 10% have 


U5) CLASSIFICATION OF SLEEP 
uit) APNEA SEVERITY 


Classification AHI 
Mild 5-14 
Moderate 15-29 
Severe 230 


AHI, apnea-hypopnea index (mean number of apneas plus hypopneas/ 
hour of sleep). 


nonobstructive hypoventilation with an AHI < 5 on 
polysomnography. This disorder is diagnosed in patients 
with an elevated body mass index (BMI > 30 kg/m7’), arte- 
rial carbon dioxide level over 45 mm Hg, an increase in 
10 mm Hg in the PaCO, during sleep, and hypoxemia. Over 
the past 20 years, the epidemic of obesity has increased 
exponentially in the United States. The prevalence of BMI 
> 40 kg/m? has increased by fivefold, and the prevalence 
of BMI = 50 has increased 10-fold. This marked increase in 
extreme obesity will likely result in the increase of OHS in 
OSA patients. 

Patients with OHS have a blunted central response to 
hypercapnia and hypoxia and decreased lung compliance 
coupled with increased lung resistance, resulting in a three- 
fold increase in the work of breathing. They have signifi- 
cantly increased morbidity and mortality when compared 
to eucapnic OSA patients; therefore, identification and 
prompt treatment are imperative (19). 


Central Sleep Apnea/Complex Sleep Apnea 

CSA is characterized by recurrent episodes of breathing ces- 
sation in sleep associated with the lack of respiratory effort. 
It is not a single disorder, but rather a manifestation of 
breathing instability that can be caused by many disorders. 
A form of CSA, Cheyne-Stokes breathing is a cyclical cre- 
scendo-decrescendo pattern of central apneas and hyper- 
pneas that is seen in congestive heart failure, stroke, and 
renal failure. Other causes of CSA include opioid-associated 
central apnea, neuromuscular disorders, high-altitude 
periodic breathing, and brainstem lesions. Occasionally, 
treatment of OSA with positive airway pressure (PAP) can 
precipitate the emergence of central apneas or a Cheyne- 
Stokes pattern of breathing. This phenomenon has termed 
complex sleep apnea syndrome (CompSAS). Patients 
with CompSAS can have very disrupted breathing and 
fragmented sleep on continuous positive airway pressure 
(CPAP), with respiratory disturbances in the range typically 
found in patients with moderately severe sleep apnea (20). 


Inadequate Sleep 


The number one cause of sleepiness is self-imposed sleep 
restriction or inadequate time in bed. The 2008 NSF “Sleep 
in America” poll (21) reported that 16% of individuals 
obtained less than 6 hours of sleep per night on weekdays. 
Only 26% reported sleeping 8 hours or more per night 
despite the fact that this is the amount of sleep that the 
average individual needs to be adequately rested. This is a 
societal problem which, based upon the NSF annual sleep 
polls, appears to be increasing in prevalence. 

Sleep deprivation has been shown to negatively impact 
cognitive functioning and performance and to increase 
the rate of automobile accidents and accidents in the 
workplace. On tests of reaction time, concentration, and 
memory, subjects who are experimentally sleep deprived 
or sleepy due to a sleep disorder perform poorly compared 
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to subjects who are not sleep deprived or have normal 
sleep. To put the degree of psychomotor impairment asso- 
ciated with sleep deprivation in perspective, studies that 
compared the effects of alcohol with sleep deprivation 
have been conducted. In one study, sleep-deprived subjects 
scored similarly to those subjects with a blood alcohol 
level of 0.08% (22). 

The cardiovascular system also is adversely affected by 
sleep deprivation. There are increases in inflammatory 
markers including C-reactive protein and an increased risk 
of cardiovascular events and morbidity (23). Physiologic 
effects of sleep deprivation include changes in circulat- 
ing levels of many hormones including growth hormone, 
thyroid-stimulating hormone, leptin, thyroxine, cortisol, 
prolactin, estradiol, luteinizing hormone, adrenaline, and 
noradrenaline (24). Short sleep time is associated with 
impaired glucose tolerance and obesity (25). Alterations in 
immune function occur with sleep deprivation including 
changes in natural killer cell activity, levels of interleukin-6, 
antibody titers, and increased rates of some cancers (26). 

Sleep deprivation or voluntary sleep restriction has 
significance for physicians as well as patients. There is an 
extensive research relative to sleep deprivation and perfor- 
mance relevant to resident education (27-29). This litera- 
ture demonstrates decrements in cognitive function, fine 
motor skills, learning, judgment, and reaction time. As a 
result of concern about the negative effects of sleep depri- 
vation on residents and their patients, the Accreditation 
Council for Graduate Medical Education began limiting 
work hours for residents in 1990 and implemented man- 
datory standards to limit work hours for resident physi- 
cians in 2003. These standards are revised intermittently, 
most recently in 2011, as more research on the effects of 
sleep deprivation on performance becomes available (30). 

This issue affects attending physicians as well. Although 
studies have shown that older and more experienced physi- 
cians have some resistance to the effects of sleep depriva- 
tion, all physicians are susceptible to the performance and 
judgment decrements caused by sleep deprivation. There 
is a growing movement to restrict all physician work hours 
given the prevalence of sleep disorders in our society over- 
all and the increase in this incidence with age (31). 


Insomnia 


Chronic insomnia, defined as difficulty initiating or 
maintaining sleep or nonrestorative sleep lasting for over 
a month, affects 10% to 15% of the adult population. 
Chronic insomnia is associated with decreased quality of 
life and adverse health effects, particularly an increased 
risk of depression. Insomnia can be the result of another 
sleep disorder such as sleep apnea or RLS. It can also result 
from poor sleep hygiene such as caffeine or alcohol intake 
at night, irregular sleep/wake habits, exposure to light 
from a computer monitor before bed, medications, other 
medical comorbidities, or psychiatric disorders. Patients 
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with insomnia may complain of excessive sleepiness, 
feeling tired or fatigued, or an uncomfortable feeling of 
hyperarousal. Treatment of insomnia is important for 
overall patient well-being. Cognitive behavioral therapy 
for insomnia (CBT-I) is a specific, highly practical ther- 
apeutic approach for chronic insomnia. This is usually 
performed by a medical psychologist or trained therapist. 
CBT-I is recognized as the most effective long-term ther- 
apy of chronic insomnia (32). If the insomnia is due to a 
medical or psychiatric condition, treatment of the under- 
lying cause may be beneficial. The use of hypnotics has 
been found to be useful only as a short-term therapeutic 
measure. 


Circadian Rhythm Disorders 


Circadian rhythm sleep disorder is a persistent or recur- 
ring pattern of sleep disruption resulting either from an 
altered sleep-wake schedule or a misalignment between 
a person’s natural sleep-wake cycle and the sleep-related 
demands placed on him or her. These disorders, frequently 
overlooked by clinicians as a cause of sleep disorders, can 
result in excessive sleepiness, poor sleep quality, or insom- 
nia. Frequently encountered types of circadian rhythm dis- 
orders include the following: 


Shift work type—Shift work sleep disorder involves 
sleepiness or insomnia that occurs when the work 
schedule overlaps the usual wake time. There are over 
6 million people in the United States working night 
or rotation shifts, so this is a common sleep disorder. 

Delayed sleep phase type—Delayed sleep phase syn- 
drome (DSPS) is a disorder in which the person’s 
sleep-wake cycle is delayed by two or more hours. 
Patients with DSPS generally fall asleep late at night, 
often in the predawn hours, and wake in the late 
morning or in the afternoon. Furthermore, there is 
a striking inability to fall asleep at an earlier, more 
typical bedtime. This disorder, which often develops 
during puberty, is estimated to affect 7% to 16% of 
adolescents. 

Jet lag type—This is caused by a mismatch of the patient's 
sleep-wake cycle and the time zone. The more time 
zones that are traveled, the greater the disruption. 
Eastbound travel, in which sleep-wake hours are 
advanced, typically causes more problems than west- 
bound travel, in which sleep-wake hours are delayed. 
People who travel often and cross many time zones 
when they travel are most susceptible to this type. 


Narcolepsy 


Narcolepsy is a neurologic disorder affecting 0.05% of the 
US population that is characterized by EDS and abnormal 
manifestations of REM sleep such as cataplexy. The classic 
tetrad of narcolepsy, present in only 20% to 30% of patients 
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with narcolepsy, includes EDS, cataplexy, hypnagogic 
hallucinations, and sleep paralysis. Patients with narco- 
lepsy experience EDS with ESS > 14 and intermittent, 
uncontrollable episodes of falling asleep during the day- 
time. Cataplexy, a loss of muscle tone without loss of con- 
sciousness elicited by an emotional stimulus, is present in 
60% of patients with narcolepsy (33). These sudden sleep 
attacks may occur during any type of activity at any time of 
the day. Symptoms generally present in the second decade 
of life, but the diagnosis of narcolepsy is often delayed by 
more than 10 years after onset of symptoms (34). 

While the presence of severe EDS and cataplexy strongly 
supports the diagnosis of narcolepsy, diagnosis is usually 
made with the multiple sleep latency test (MSLT) that 
demonstrates two or more episodes of sleep onset REM 
during the five-nap study. 


REM Behavior Disorder 


While patients with REM behavior disorder (RBD) do have 
disrupted sleep and daytime sleepiness, they will usually 
present with the complaint of dream-enacting behavior 
and violent dreams. These patients can harm themselves 
or their bed partners during these episodes. RBD is neuro- 
logic disorder with a lack of atonia during REM sleep. The 
majority of patients with RBD have Parkinson disease or 
a related synucleinopathy; however, RBD can precede the 
onset of Parkinson disease by over a decade. 


Restless Legs Syndrome 


Patients with RLS will often complain of difficulty initiat- 
ing sleep and nonrestorative sleep with daytime sleepiness. 
RLS is defined as an urge to move the legs, usually accom- 
panied or caused by uncomfortable and unpleasant sen- 
sations in the legs, worse at rest, and in the evenings and 
relieved by movement. Eighty percent of people who have 
RLS also have periodic limb movements of sleep (PLMS). 
These are jerks of the legs or arms that occur every 20 to 
30 seconds on and off throughout the night. This can cause 
partial awakenings or arousals that disrupt sleep. RLS is 
diagnosed by history. The four basic criteria for diagnosis 
are listed in Table 135.5 (35). 

Patients with a history of nocturnal limb movements, 
daytime somnolence, and a lack of daytime symptoms of 
RLS should be studied with a full PSG to identify any leg 
movements leading to arousals and sleep disruption. These 
patients may have periodic limb movement disorder lead- 
ing to daytime sleepiness, sleep maintenance insomnia, 
and nonrestorative sleep. 

The majority of patients with sleep apnea who kick at 
night do not have RLS or PLMS. Their kicking is a response 
to their airway obstruction and is relieved by resolution 
of the airway obstruction. A CPAP titration study in these 
patients will show that the leg movements resolve with 
adequate CPAP pressure. 


U5) ESSENTIAL DIAGNOSTIC 
yi) CRITERIA FOR RLS 


1. An urge to move the legs, usually accompanied or caused 
by uncomfortable and unpleasant sensations in the legs. 
(Sometimes the urge to move is present without the uncomfort- 
able sensations, and sometimes the arms or other body parts 
are involved in addition to the legs). 

2. The urge to move or unpleasant sensations begin or worsen 
during periods of rest or inactivity such as lying or sitting. 

3. The urge to move or unpleasant sensations are partially or 
totally relieved by movement, such as walking or stretching, 
at least as long as the activity continues. 

4. The urge to move or unpleasant sensations are worse in the 
evening or night than during the day or only occur in the 
evening or night. (When symptoms are very severe, the worsening 
at night may not be noticeable but must have been previously 
present). 


Reprinted from Allen RP, Picchietti D, Hening WA, et al. Restless legs 
syndrome: diagnostic criteria, special considerations, and epidemiol- 
ogy: a report from the restless legs syndrome diagnosis and epide- 
miology workshop at the National Institutes of Health. Sleep Med 
2003;4:101-111, with permission. 


EVALUATION OF THE PATIENT WITH A 
SLEEP DISORDER 


Although OSA is the most common sleep disorder, many 
of the symptoms overlap with other sleep disorders, and 
many patients have more than one sleep diagnosis. To 
make a diagnosis, it is important to spend an adequate 
amount of time with the patient and bed partner to ensure 
the right questions are being asked to ascertain the nature 
of a patient’s particular sleep disorder (Table 135.6). It is 
often helpful to have a bed partner present who will be 
able to describe movements that occur while the patient is 
asleep and, may have no independent recollection of their 
own activities or behavior. 

The evaluation of a patient with sleep apnea begins 
with the chief complaint that has brought the patient to 
the physician’s office. More often than not, the patient is 
in the office at the direction of a bed partner who has wit- 
nessed apneas, episodes of choking, restless sleep, and/or 
snoring. While the condition may have been occurring for 
some time, it is when the patient’s bed partner issues an 
ultimatum and ends up moving to another room to sleep 
that the patient seeks medical advice. 

The history should include a clear description of the 
sleep disturbance that is bringing the patient to the office. 
If the problem is snoring, frequency (most nights of the 
week), duration (all night), and volume (can be heard out- 
side the bedroom) should be determined. Snoring is com- 
mon in the general population, with 25% of women and 
45% of men reporting habitual snoring. 

There is poor validity on the self-perception of snoring. 
A sleeping patient is often unaware of his or her snoring, 
with 77% unable to decide whether they snored or not. 
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EVALUATION OF A PATIENT WITH 
A SLEEP DISORDER COVERS ISSUES 
OF SLEEP HYGIENE AND QUALITY 


TABLE 


135.6 


1. History 
a. Type of sleep disturbance 
b. Snoring 
c. Apneas 
d. Waking up 
e. Trouble getting to sleep and/or staying asleep 
f. Duration of symptoms 
g. Audio or video recordings 
h. Bed partner reports 
2. Review of systems 
. General 
. Skin 
. Head 
. Ears 
. Nose 
. Throat 
. Neck 
. Respiratory 
. Cardiovascular 
. Gastrointestinal 
. Urinary 
. Vascular 
. Musculoskeletal 
. Neurologic 
. Endocrine 
. Psychiatric 
3. Medication reconciliation 
a. Prescription 
b. Over the counter 
4. ESS 
5. Habits 
a. Smoking 
b. Drinking 
c. Coffee/energy drinks/caffeine 
6. Sleep hygiene 
a. TV, radio, and computer in the bedroom 
b. Bed partners 
i. Bed sharing with children 
ii. Bed sharing with pets 
c. Number of times out of bed at night 
d. Time in bed to go to sleep, time of awakening, or total 
sleep time 
e. Naps during the day 


Dos3 _RXx... FO HO An TD 


Of the 23% who reported that they did not snore, more 
than half during polysomnographic objective measure- 
ments demonstrated appreciable snoring (36). The reports 
of snoring from bed partners are usually gathered over a 
longer period of time. 

There is a significant positive correlation between severity 
of OSA and snoring intensity (37). Maimon et al. demon- 
strated that snoring intensity increased progressively across 
categories of OSA and sound levels ranged from 46 + 3.6 dB 
in mild to 60 + 6.4 dB in severe sleep apnea. Snoring intensity 
has also been shown to be an independent variable related 
to sleepiness in OSA. Snoring may explain part of sleepiness 
that cannot be explained by polysomnography alone (38). 
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Reports of apnea can also be gathered from the patient 
and bed partner. Often patients will have an arousal that they 
are aware of and can self-report the apneas. Similarly, bed 
partners relate stories of how they need to shake the patients 
to get them to breathe during prolonged periods of apnea. 

Nocturnal awakening may or may not be due to an apnea, 
so further questioning is necessary to better delineate the 
problem. The second most common sleep disorder after 
OSA is insomnia, which can also have the symptom of EDS. 
Individuals with insomnia will awaken at night but will be 
unable to fall back asleep, which is termed sleep maintenance 
insomnia. The patient with OSA will awaken but return to 
sleep without difficulty. Either of these awakenings will, how- 
ever, result in EDS but for completely different reasons. 

EDS is a very common symptom of patients presenting 
with a sleep disorder. Although it is associated with OSA, 
it is also present in multiple other sleep disorders such as 
obesity/hypoventilation syndrome, insufficient sleep, nar- 
colepsy, and hypersomnias. 

To help differentiate between feeling tired and true 
sleepiness, there are multiple self-administered tools 
that can be used. The ESS is a subjective measurement of 
sleepiness completed by the patient. It has been validated 
in clinical populations and asks about the likelihood of 
falling asleep in common settings. A score greater than or 
equal to 10 is indicative of EDS (39) (Table 135.7). 

The patient's daily schedule must be reviewed, including 
the time the patient gets in bed to go to sleep, an estimate of 
how long it takes to fall asleep, the number of awakenings 
during the night, and the time the patient wakes up and gets 
out of bed. It is important to obtain detailed sleep-wake 
schedules in shift workers. If the patient indicates there is 
great variation in the sleep—wake schedule, this may be part 
of the problem and causing EDS. To document, the previous 
day’s sleep-wake activity may be sufficient to determine the 
usual total sleep time and assess if it is adequate in duration. 

A sleep diary can be used with patients who are unable 
to give an accurate description of their sleep-wake habits 
and have symptoms of EDS (Fig. 135.3). It can be given 
to the patient and may be used for a week or two to deter- 
mine sleep habits. It is invaluable in recognizing and docu- 
menting insufficient sleep. 

It is important to determine the duration of symptoms 
that are causing the patient to seek treatment. If the issue 
is of long duration, further evaluation with clinical testing 
may be done sooner than if the problem is of recent onset. 
If the problem has been present for some time, there may 
be a new symptom that is causing the patient to seek help 
at this point in time. 

If the symptoms have been present for a short amount of 
time, questions may be raised regarding what has changed 
recently in the patient's life. Sometimes a change in job or 
the family situation can result in changes in sleep habits 
that are problematic. 

Because of increased access to audio and video recordings, 
it is not uncommon for patients and their families to bring in 
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s7\:i0-) THE ESS IS A SIMPLE QUESTIONNAIRE MEASURING THE LIKELIHOOD OF FALLING 
135.7 ASLEEP IN DIFFERENT SITUATIONS. SCORES GREATER OR EQUAL TO 10 ARE ABNORMAL 
i AND CORRELATE WITH EDS 


The ESS—A score >10 indicates EDS 

How likely are you to doze off or fall asleep in the following situations, in contrast to feeling just tired? This refers to our usual way of life 
in recent times. Even if you have not done some of the things recently, try to work how they would have affected you. Use the following 
scale to choose the most appropriate number for each situation: 


0 = would never doze 

1 = slight chance of dozing 

2 = moderate chance of dozing 
3 = high chance of dozing 


Situation Chance of dozing 
1. Sitting and reading — 
2. Watching TV — 
3. Sitting, inactive in public place (theater or meeting) — 
4. As a passenger in a car without a break — 
5. Lying down to rest in the afternoon when circumstances permit — 
6. Sitting and talking to someone — 
7. Ina car, while stopped for a few minutes in traffic — 
8. Sitting quietly after a lunch without alcohol — 
Total: —— 
SLEEP DIARY 

Name: _ 

Day/Date | At what How How many For how At what Did you How much | How much | Did you nap? | How did you | What 
time did | long did | times did you long were | time did take any alcohol did | coffee, tea | (number of feel this disturbed 
you go to | it take wake up during | you awake | you rise sleeping you drink | cola, naps, start morning? your 
bed last | youto | the night? during the | from bed pills? yesterday? | chocolate | and end Refreshed, sleep last 
night? fall night? this morning?| (name, dose & did you times) moderate, or | night? 

asleep? time) drink? tired 


FOR OFFICE USE ONLY 


SOL WAKE WASO TST TIB SE 


SOL: Sleep onset latency. This is the time recorded in Column 2 and should be averaged for the week. 
Wake: This is the total time the patient was awake during the sleep period and should be the sum of Columns 2 and 4 and should be averaged for the week. 
WASO: Wake After Sleep Onset is the time listed in Column 4. It should be averaged for the week 
TST: Total Sleep Time. Columns (1+5)-Columns (2+4)=TST. This should be averaged for the week 
TIB: Time in Bed. Columns 1-6=Time in Bed 
SE: Sleep efficiency. TST/TIB= Sleep Efficiency 
Figure 135.3 A sleep diary is a helpful tool for patients and physicians to evaluate sleep patterns 


on a daily basis. For many individuals, insufficient sleep is a primary cause for EDS and poor sleep 
hygiene. 


recordings of snoring, or recordings of abnormal breathing 
patterns that may indicate suspected apneas, and videos dem- 
onstrating restless movements during sleep. These can also be 
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helpful in determining next steps in diagnosis and treatment. 


To ensure that nothing is missed during the evaluation 
of the patient with sleep disorders, the use of a standard 
intake form should be used. The form in Figure 135.4 is 
from Terence Davidson MD, University of California, San 


Name 
SLEEP DISORDERED ees 
BREATHING nes 
Source Date 
Patient identification 
Referring Physician 
AGE GENDER HEIGHT WEIGHT BMI Neck Circ. BP WHR 
M CF cm kg kg/M> inches 


Snoring: intensity (0-3) 


frequency (0-3) 


Apneic episodes (0-3) 


Daytime sleepiness (0-4) 


Co-Morbidities Meds: 
Yes | No Yes | No 
Hypertension Heart Failure 
Obesity Diabetes 
Excessiye daytime sleepiness | GERD 
Coronary artery disease/Ml Asthma 
Stroke Parasomnias 
Atrial fibrillation # MVAs (in past 10 yrs.) 
Depression Yes No NYHA Class____(I-IV) 
Alcohol (glasses/night) Insomnia Yes No Nocturia X per night 
Time to bed Time out of bed Total bed time hrs 
Examination (See back for details) Other: 
Nose (0-4) Uvula (0-4) 
Mallampati (1-4) Tonsils (0-4) 
Endoscopy: Tongue base (1-4) Epiglottis (0,1) 
Lingual Tonsil (1-4) SNB degrees CT/MRI 
Thyromental distance cm 
Pre Sleep Test Impression: L]Insomnia 780-52  LISDB 780-57 OSA 327-23 EDS 327-8 
Plan: 
Physician Signature/PID Date 
Sleep Test date Total sleep time AHI Al 
0» desat Index LSAT 
CPAP 95th pressure cm H,0 
APAP Mean pressure cm H,0 Mask 
DME 
Compliance: Days/week Hrs/day 
Post Sleep Test 
Other therapies and follow-up 
D1515 (12-06) Physician Signature/PID# Date & Time 


A 


Figure 135.4 A standardized history and physical form is helpful in gathering information perti- 
nent for patients with a sleep disorder that may be different than other otolaryngologic patients. 
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Snoring Sleep Examination 


Snoring Apneic Episodes Daytime Sleepiness 
Intensity Frequency 0 = None 0 = Never 
0 = None 0 = None 1 = 1 or 2/night 1 = Only after meals 
1 = Mild/bedroom 1 = Occasional 1-2 d/wk 2 = 2-10/night 2 = Most days, but do not fall asleep 
2=Moderate/house 2 = Frequent 3-5 d/wk 3 = 10 or more/night | 3 = Occasionally fall asleep 
3 = Servere/yard 3 = Daily 6 or 7 d/wk 4 = Regularly fall asleep 
Upper Respiratory Tract Sleep Examination Mallampati 
Nose 0-4 


0 Post-op perfectly straight 
1 Straight with normal cartilage/bone at floor 
<10% obstruction 


2 10-50% obstruction worst side Lingual Tonsils 1-4 
3 50-90% obstruction worst side 1 None 
4 90-100% obstruction worst side or 2 Small 
obstructive nasal polyps. Allergic rhinitis- 3 Medium 
add one. Total not to exceed 4. 4 Large 
Mallampati 1-4 


1 All of uvula and tonsils/pillars 
2 Partial uvula and partial tonsils/pillars 
3 Base of uvula 


4 Nouvula 
Tonsil 0-4 Adenoids 0-4 Tonsil Grade 
0 S/P tonsillectomy 0 Postop 
1 Inside the pillars 1 <10% obst 
2 Outside the pillars, 2 10-50% 
<25% of airway 3 50-90% 
3 25% - <75% of airway 4>90% 
4 75% or more of airway ’ 
a 
Uvula 0-4 0 


0 Absent 

1 U<50 mm? (5 x 10mm) 

2 50>U<112.5mm? (7.5 x 15mm) 
3 112.5>U<200mm2 (10 x 20mm) 
4 200>U 


Tongue 1-4 


(F.0.E.), patient sitting, mouth closed 


1 Vallecula open Waist Hip Ratio (WHR 

2 Vallecula filled with tongue base P ee ) acceptable 

3 Epiglottis pushed posteriorly ; 

4 Epiglottis touching post pharyngeal wall excellent | good | average | high | extreme 
secondary to tongue base pressure male <0.85 0.85-| 0.9 0.95- 1 

0.9 0.95 1 

Larynx 0,1 (F.Q.E.) 

0 Normal female <0.75 0.75- 0.8- 0.85- >0.9 

1 Any airway obstruction or deformed 0.8 0.85 0.9 


epiglottis, not covered above. 


Depression: Yes = affirmative answer to #1 or #2 
1) Over the past 2 weeks have you ever felt down, depressed, or hopeless? 
2) Over the past 2 weeks, have you felt little pressure or interest in doing things?* 
(Sensitivity 96%; Speciticity 57%)* 
NYHA: New York Heart Association Class 
Class | - Asymptomatic Class Il - Symptomatic with moderate exertion 
Class Ill - Symptomatic with little exertion Class IV - Symptomatic at rest 
*MP Pignone, et al: Screening for Depression in Adults: A Summary of the Evidence for the U.S. Preventive Services Task Force, 


Ann Intern Med 2002 136:765-776 
D1515 (12-06) page 2 of 2 


Figure 135.4 (Continued) 
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Diego Head and Neck Surgery Sleep Medicine Clinic and is 
comprehensive in scope (40). 


Review of Systems 


Many medical conditions can cause or exacerbate prob- 
lems with sleep. A complete 14-point review of systems 
is important and should be included as part of the initial 
encounter with the patient (Fig. 135.5). 

General—Weight loss/gain, fatigue, fever or chills, weak- 
ness, or chronic pain can lead to difficult with restorative 
sleep. Weight gain may exacerbate or cause OSA. Fatigue 
and weakness may be a symptom of a sleep disorder. There 
is a decreased threshold for pain when sleep is disrupted. 
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Nose—Nasal congestion results in increased effort for 
respiration. Some individuals have difficulty only at night 
resulting in sleep disruption. Mouth breathing causes the 
tongue to fall posteriorly, which results in a narrowed hypo- 
pharyngeal airway and possible obstruction. Snoring is 
more common in the supine position with the mouth open. 

Throat—Patients with chronic mouth breathing often 
wake up with dryness of the throat and sometimes a swol- 
len uvula from turbulent airflow during sleep. This can be 
associated with SDB and OSA. 

Neck—History of a goiter, neck mass, previous trache- 
otomy, or radiation therapy can result in tracheal abnor- 
malities that are manifested during sleep. Tracheomalacia 
is a rather uncommon site for OSA. 


Checklist: Review of Symptoms 


General: Neck: 
Weight loss or gain Lumps 
Fatigue Swollen glands 
Fever or chills Pain 
Weakness Stiffness 


Trouble sleeping 


Color changes 
Hair and nail changes 


Respiratory: 


Skin: Cough (dry or wet, productive) 
Rashes Sputum (color and amount) 
Lumps Coughing up blood (hemoptysis) 
Itching Shortness of breath (dyspnea) 
Dryness Wheezing 


Painful breathing 


Urinary: 

Frequency 

Urgency 

Burning or pain 

Blood in urine (hematuria) 
Incontinence 

Change in urinary strength 


Vascular: 

Calf pain with walking 
(claudication) 

Leg cramping 


Cardiovascular: 


Musculoskeletal: 
Muscle or joint pain 


Last dental exam 


Head: Chest pain or discomfort Stiffness 
Headache Tightness Back pain 
Head injury Palpitations Redness of joints 
Shortness of breath with activity (dyspnea) Swelling of joints 
Ears: Difficulty breathing lying down (orthopnea) Trauma 
Decreased hearing Swelling (edema) 
Ringing in ears (tinnitus) Sudden awakening from sleep with Neurologic: 
Earache shortness of breath (paroxysmal Dizziness 
Drainage noctural dyspnea) Fainting 
Seizures 
Nose: Gastrointestinal: Weakness 
Stuffiness Swallowing difficulties Numbness 
Discharge Heartburn Tingling 
Itching Change in appetite Tremor 
Hay fever Nausea ; 
Nosebleeds Change in bowel ha Endocrine: 
Sinus pain Hoe nei Head or cold intolerance 
eons SMCtIG sn ote 
Throat: di : Frequent urination (polyuria) 
raeih Yellow eyes or skin (jaundice) Thirst (polydypsia) 
Gums Change in appetite (polyphagia) 
Bleeding 
Dentures Psychiatric: 
Sore tongue Nervousness 
Hoarseness Depression 
Thrush Memory loss 
Non-healing sores Stress 


Figure 135.5 A standardized review of systems assists in identifying comorbidities that can con- 
tribute to or exacerbate sleep disorders. 
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Respiratory—Coughing, choking, or wheezing can be 
seen in OSA as well as in individuals with gastroesopha- 
geal reflux, asthma, and chronic obstructive pulmonary 
disease (COPD). Recent data suggest that OSAS is an inde- 
pendent risk factor for asthma exacerbations (41). 

Gastrointestinal—Gastroesophageal reflux has been 
reported to occur in 62% to 74% of patients with OSA 
(42). Gastroesophageal reflux, as previously mentioned, 
is common in OSA. The increased negative thoracic pres- 
sure results in reflux and increased complaints upon 
awakening. 

Genitourinary—Urinary frequency is a significant issue 
for men, more so than women, as they grow older. Benign 
prostatic hypertrophy can result in men awakening mul- 
tiple times a night, which prevents them from getting a 
good night's sleep. The sample population had a mean age 
of 45.8 years and was 52.6% female and 80% Caucasian. 
In the community sample, 31% reported greater than 
one void per night, and 14.2% reported greater than two 
voids per night. The prevalence of nocturia increased with 
age, with no gender differences. For over active bladder 
cases, 66.8% reported greater than one void per night, 
and 42.2% reported greater than two (43). An increase 
in intra-abdominal pressure, confusion associated with 
arousals, and increased levels of atrial natriuretic pep- 
tide have been associated with nocturia in patients with 
OSA. Treatment of OSA has been shown to significantly 
decrease nocturia. 

Neurologic—About 50% of people who have had a 
stroke have sleep apnea (44). Sixty percent of patients with 
Parkinson disease have sleep problems such as sleep frag- 
mentation, insomnia, nightmares/night terrors/nocturnal 
vocalizations, hallucinations, and EDS (45). 

Musculoskeletal—Musculoskeletal pain syndromes 
such as chronic arthritis and fibromyalgia can result in 
poor-quality sleep and are correlated with an increase 
in depression, pain intensity, activity levels, and hypo- 
chondriasis (46). 

Endocrine—Diabetes can result in polyuria with dis- 
ruption of sleep. Any disruption of the hypothalamic- 
pituitary—adrenal axis will disrupt the circadian rhythm. 
Insomnia and OSA are associated with hypothalamic- 
pituitary—adrenal axis abnormalities (47). Sleep difficulty 
is one of the hallmarks of menopause with the primary 
predictor of disturbed sleep architecture being the presence 
of vasomotor symptoms (48). 

Psychiatric—Primary psychiatric diagnoses of depres- 
sion, anxiety, bipolar disease, or attention deficit disorder 
can contribute to sleep disturbances or daytime impair- 
ment. Many of the medications used for treatment also 
impact normal sleep patterns (49). 

Medications—Prescription and over-the-counter medi- 
cations can impact sleep and should be thoroughly cov- 
ered during the visit. There are many medications which 
have an impact on the sleep-wake cycle. Some of the 
medications can induce pain (statins), cough (angiotensin 


converting enzyme inhibitors), restless legs symptoms 
(antidepressants, neuroleptics, and antihistamines), or 
REM sleep behavior disorder (antidepressants, mono- 
amine oxidase type B inhibitors) and subsequently cause 
sleep disruptions. Tables 135.8 and 135.9 demonstrate 
medications that disrupt sleep and wake, respectively. 

Caffeine works as a central nervous stimulant that tem- 
porarily decreases drowsiness and improves alertness. It 
occurs naturally in coffee, tea, and chocolate and is present 
in soft drinks and most energy drinks. In North America, 
90% of the population consumes caffeine daily (50). Two 
hundred milligrams or more of caffeine, the approximate 
caffeine content in two cups of coffee, has been shown to 
improve tests of vigilance, alertness, and reaction time in 
US Navy SEALs after 72 hours of sleep deprivation (51). 
The caffeine content of some common food and beverages 
is listed in Table 135.10. 

The nicotine in cigarettes acts as a stimulant with an 
average cigarette delivering 1 mg. It is distributed quickly 
through the bloodstream and crosses the blood-brain bar- 
rier reaching the brain within 1 to 20 seconds after inhala- 
tion. The elimination half-life of nicotine in the body is 
about 2 hours. Nicotine reduces total sleep time and REM 
sleep time in healthy control subjects. There is an increase 
in sleep latency and increased arousals with fragmented 
sleep in active smokers versus nonsmokers. About 20% 
of smokers experience nocturnal sleep disturbing nicotine 
craving that occurs with patients waking up once or more 
a night and are unable to fall back asleep without smoking 
a cigarette (52). 

Alcohol has a transient sedative effect in sleepy or anx- 
ious individuals. It is the most commonly used sleeping 
aid by the population at large. A survey of 18- to 45-year- 
olds reported that 13% use alcohol to induce sleep. 
When taken before bedtime, it shortens sleep latency. 
Alcohol is metabolized rapidly at the rate of one glass of 
wine or beer per hour. If an individual has had several 
drinks before sleep, alcohol concentrations in the blood 
approaches zero halfway through the night. Withdrawal 
tends to occur at that time and causes disrupted sleep and 
a sympathetic arousal, which includes tachycardia and 
sweating (53). 


Physical Examination 


The age and gender of a patient are important pieces of 
demographic information for patients with sleep disor- 
ders. Sleep disturbances are more common in men than 
women until menopause when the incidence of sleep 
apnea in women increases. 

The height and weight of a patient should be accu- 
rately measured in the office. These measurements 
should not be self-reported because, as a patient ages, 
height can decrease due to osteoporosis or because 
the previous height measurement was taken with the 
shoes on. 


TABLE 


135.8 


Drug Class 


Selective serotonin 
reuptake inhibitors 


Tricyclic 
antidepressants 


ACE Inhibitors 


Norepinephrine and 
dopamine reuptake 
inhibitors 

Beta-2 agonists 


Beta-blockers 


Corticosteroids 


Nonnucleoside 
reverse 
transcriptase 
inhibitors (anti- 
retroviral) 


Examples 


sertraline, fluoxetine, 
citalopram 


amitriptyline, imipra- 
mine, protriptyline 


lisinopril, enalapril 


venlafaxine, 
desvenlafaxine, 
bupropion 

albuterol, salmeterol 


Metoprolol, 
propranolol 


prednisone, 
methylprednisolone 


efavirenz 


Typical Indications 


Major depression, 
anxiety disorders, 
postmenopausal hot 
flashes 


Major depression, 
anxiety, insomnia, 
neuropathic pain 


Hypertension, diabetic 
proteinuria, conges- 
tive heart failure 

Major depression, 
anxiety, postmeno- 
pausal hot flashes 

Asthma, COPD 


Hypertension, 
tachyarrhythmias, 
migraine prophylaxis 


Rheumatologic 
disorders, COPD 


HIV disease 


Patient Complaints 


Restless legs symp- 
toms, sleep-onset 
insomnia, nonrestor- 
ative sleep, dream 
enactment behavior 
or “sleepwalking” 


Restless legs 
symptoms, sleep- 
onset insomnia, 
nonrestorative sleep 


Nocturnal cough 

Worsening sleep 
apnea 

Sleep-onset insomnia 


Sleep-onset insomnia 
Sleep maintenance 
insomnia 


Nightmares 


Sleep-onset insomnia 

Sleep maintenance 
insomnia’? 

Abnormal dreams'* 


Abnormal dreams!® 


Mechanism 


Drugs may have alerting side 
effects.' Increases restless legs 
symptoms and periodic limb 
movements of sleep,*"increases 
likelihood of REM without 
atonia (may lead to clinical 
REM behavior disorder)* 

Increases restless legs symptoms 
and periodic limb movements 
of sleep,” protriptyline is 
strongly adrenergic and has an 
alerting side effect profile>’ 

Increased bradykinin production 
leads to airway irritation, pos- 
sible increased airway edema’ 

Increased activity of alerting 
neurotransmitters® 


Alerting side effects of 
adrenergic medications? 


Not known, likely related to 
central B-adrenergic blockade, 
lipophilic B-blockers may be 
more problematic'®'2 

Unknown 


Unknown 


Potential Solution 


Reassess original indication, 
consider alternate agent 
(bupropion not associated with 
increased RLS symptoms) 


Reassess original indication, 
consider alternate agent 


Consider substitution with angio- 
tensin receptor blocker or 
other drug class 

Reassess original indication, 
consider alternate agent 


Reassess original indication, edu- 
cate patient regarding noctur- 
nal use of medication, consider 
use of hypnotic if nocturnal 
usage is unavoidable 

Consider switch to less lipophilic 
agent (e.g., atenolol), or 
alternate drug class 


Consider nonsteroid alternatives 
if medically reasonable, 
consider low-dose hypnotic if 
corticosteroid medication is 
medically mandatory 

Consider alternate agent if 
severely troubling, consider 
low-dose hypnotic with low 
potential for drug—drug side 
effects (e.g., doxepin)'® 


(Continued) 
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TABLE 


135.8 


Drug Class 


Statins 


Opiates 


CNS stimulants 


Social drugs 


Social drugs 


Examples 


atorvastatin, 
simvastatin, 
pravastatin, 
rosuvastatin 

methadone, 
oxycodone, 
morphine 


methylphenidate, 
dextroamphetamine 


Caffeine 


Tobacco/nicotine 


Alcohol 


Reprinted from McCarty DE. Beyond Ockham’s razor: 


permission. 


Typical Indications 


Hyperlipidemia 


Chronic pain, restless 
legs syndrome 


Narcolepsy, Idiopathic 
CNS hypersomnia, 
Attention deficit 
hyperactivity disorder 

n/a 


n/a 


Patient Complaints 


Sleep-onset insomnia 
or frequent awaken- 
ings due to muscle 
pain 

Frequent awakenings, 
nocturnal 
breathlessness, 
Nonrestorative 
sleep 

Sleep-onset 
insomnia, frequent 
awakenings 


Sleep-onset insomnia 

Sleep maintenance 
insomnia 

Snoring 


Sleep maintenance 
insomnia 

Snoring 

Worsening sleep 
apnea 


Mechanism 


Statin-induced myopathy, possi- 
ble statin-induced arthralgia'®'” 


Increased risk of obstructive and 
central sleep apnea’® 


Central stimulation of dopaminer- 
gic alerting system 


Caffeine may have hold-over 
stimulatory effects lasting 
into the nocturnal time frame; 
nicotine used at night can 
produce CNS stimulation; heavy 
smokers during daytime hours 
can experience nocturnal with- 
drawal during sleep-induced 
abstinence, leading to physical 
discomfort. Smoking increases 
upper airway inflammation, 
which can worsen sleep-disor- 
dered breathing 

Alcohol tends to worsen pro- 
pensity for sleep-disordered 
breathing, possibly by alter- 
ing upper airway tone and by 
increasing arousal threshold; 
though it shortens sleep 
latency, prebedtime use often 
results in insomnia in the 
second half of the night. 


Potential Solution 


Reassess original indication, reas- 
sess treatment goals, consider 
decreased dose, consider 
alternate agent 

Consider nonopiate alternatives, 
consider polysomnography 
with positive airway pressure if 
sleep-disordered breathing is 
severe 

Consider earlier dosing, use of 
immediate-release formulations 
for later day dosing, replace- 
ment with modafinil 

Decrease or discontinue use 


Decrease or discontinue use 


redefining problem-solving in clinical sleep medicine using a “five-finger” approach. J Clin Sleep Med 2010;6(3):292-296 (Ref. 49), with 


Z9OL? 


aUlIPa|A] daa[s :|I|A UolIeS 


TABLE 


135.9 


Drug Class 


Selective serotonin 
reuptake inhibitors 


Tricyclic 


antidepressants 


Benzodiazepines 


Anticonvulsants 


Neuroleptics 


Beta-blockers 


Statins 


Antihistamines 


Social drugs 


Examples 


sertraline, paroxetine 


amitriptyline 


diazepam, clonaz- 
epam, flurazepam 


gabapentin, phenyt- 
oin, levetiracetam 


quetiapine, risperi- 
done, haloperidol 


metoprolol, 
propranolol, 
bisoprolol 

atorvastatin, simvas- 
tatin, pravastatin, 
rosuvastatin 

Diphenhydramine, 
hydroxyzine 


Alcohol 


Typical Indications 


Major depression, 
anxiety, postmeno- 
pausal hot flashes 


Insomnia, major 
depression, anxiety, 
chronic neuropathic 
pain 

Insomnia, anxiety, 
muscle spasms, 
REM behavior 
disorder 

Seizure disorder, 
neuropathic 
pain, migraine 
prophylaxis 

Psychotic disorders, 
major depression, 
attention deficit 
disorder 

Hypertension, tachyar- 
rhythmias, migraine 
prophylaxis 

Hyperlipidemia 


Allergic reactions, 
anxiety, pru- 
ritic conditions, 
insomnia 


n/a 


Patient Complaints 


Daytime sleepiness 


Morning grogginess 
nonrestorative 
sleep, daytime 
sleepiness 

Morning grogginess, 
nonrestorative 
sleep, daytime 
sleepiness 

Daytime sleepiness 


Daytime sleepiness 


Daytime fatigue 


Daytime fatigue, poor 
exercise tolerance 
due to muscle pain 

Daytime fatigue 

Daytime sleepiness 

Poor attention and 
concentration”* 


Daytime fatigue 
Headaches 
Depression 
Anxiety 


Mechanism 


Sedating effects of medica- 
tion’? 


Sedating effects of medication 

Prolonged half-life for some 
medications leads to next- 
day “hangover” 

Sedating effects of medication; 
prolonged half-life for some 
medications leads to next- 
day “hangover” 

Sedating effects of medication 


Sedating effects of medication 


Central adrenergic 
blockade—>fatigue or 
drowsiness?! 

Statin-induced myopathy, 
possible statin induced 
arthralgia’®'72° 

Blockade of central histaminer- 
gic receptors—drowsiness, 
anticholinergic effects on 
basal forebrain decreases 
concentration and informa- 
tion processing ability 

Alcohol can lead to daytime 
impairment symptoms by 
virtue of its effects on sleep 
(see Table 135.8), by direct 
CNS sedative effects, toxicity 
(“hangover”) effects, or due 
to withdrawal symptoms. 


Potential Solutions 


Reassess original indication, consider 
taper or substitution of an agent 
with a more alerting side effect 
profile (e.g., venlafaxine or 
bupropion) 

Reassess original indication, consider 
dose decrease, consider nocturnal 
dosing schedule, consider 
alternate agent 

Reassess original diagnosis, consider 
alternate agent, consider addition 
of daytime alerting agent if agent 
is considered medically necessary 

Consider dose decrease, consider 
alternate agent, consider addition 
of daytime alerting agent if agent 
is considered medically necessary 

Reassess original diagnosis, consider 
alternate agent, consider addition 
of daytime alerting agent if agent 
is considered medically necessary 

Consider less lipophilic agent (e.g., 
atenolol), consider alternate drug 
class 

Reassess original diagnosis, reassess 
treatment goals, consider lower 
dose, consider alternate agent 

Consider lower dose, consider 
nonsedating alternatives, consider 
addition of daytime alerting agent 
if agent is considered medically 
necessary 


Taper and discontinue use 


Reprinted from McCarty DE. Beyond Ockham’s razor: redefining problem-solving in clinical sleep medicine using a “five-finger” approach. J Clin Sleep Med. 2010;6(3):292-296 (Ref. 49), with 


permission. 
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TABLE 


135.10 


Serving Caffeine per 
Product Size Serving (mg) 
Hershey's Milk Chocolate 1 bar (1.5 oz) 10 
Hershey's Special Dark (45%) 1 bar (1.5 oz) 31 

cacao content 

Coffee, decaffeinated 7 oz 5-15 
Green Tea 6 oz 30 
Black Tea 6 oz 50 
Coca Cola Classic 12 oz 34 
Mountain Dew 12 oz 54 
Red Bull Energy 8 oz 80 
Starbucks Vanilla Latte 16 oz 150 
Monster energy drink 16 oz 160 
Dunkin Donuts Brewed Coffee 16 oz 143-206 
5-h energy 2 oz 207 


Similarly, individuals frequently underestimate their 
weight. It may be that they are embarrassed, have not weighed 
themselves in some time, or do not want their spouse to be 
aware of it. After the height and weight have been assessed, 
the BMI was developed in the 1800s by Belgian Adolphe 
Quetelet in the development of “social physics” (54). 


40 


Overweight 


Percent 


Extremely obese 


0 
1960-1962 1971-1974 1976-1980 


Category BMI (kg/m?) 
Severely underweight <16 
Underweight 16-18.5 
Normal 18.5-25 
Overweight 25-30 
Obese Class | 30-35 
Obese Class II 35-40 
Obese Class Ill >40 


The BMI classification is commonly used to classify 
individuals as underweight, normal, overweight and obese. 
Obese is further grouped into class I, I, and II. The BMI 
should be calculated and communicated to the patient 
(Table 135.11). Results from the 2007 to 2008 National 
Health and Nutrition Examination Survey, using BMI, indi- 
cate that an estimated 34.2% of US adults aged 20 years 
and over are overweight, 33.8% are obese, and 5.7% are 
extremely obese (55) (Fig. 135.6). 

BMI does not actually measure body fat. Because the 
BMI formula depends only upon weight and height, its 
assumptions about the distribution between lean mass and 


1988-1994 1999-2000 2007-2008 


2003-2004 


Years 


NOTE: Age-adjusted by the direct method to the year 2000 U.S. Census Bureau estimates, using the age groups 20-39, 40-59, and 
60-74 years. Pregnant females were excluded. Overweight is defined as a body mass index (BMI) of 25 or greater but less than 30; 

obesity is a BMI greater than or equal to 30; extreme obesity is a BMI greater than or equal to 40. 

SOURCE: CDC/NCHS, National Health Examination Survey cycle | (1960-1962); National Health and Nutrition Examination Survey 
| (1971-1974), Il (1976-1980), and Ill (1988-1994), 1999-2000, 2001-2002, 2003-2004, 2005-2006, and 2007-2008. 


Figure 135.6 Trends in overweight, obesity, and extreme obesity among adults aged 20 to 
74 years: United States, 1960 to 2008. http://www.cdc.gov/NCHS/data/hestat/obesity_adult_07_08/ 
obesity_adult_07_08.pdf 
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adipose tissue are not always exact. BMI sometimes overes- 
timates adiposity on those with more lean body mass (e.g., 
athletes) while greatly underestimating excess adiposity on 
those with less lean body mass (56). There are numerous 
Web sites and applications that are available for handheld 
devices that will perform this calculation. 

A complete head and neck exam should be performed 
with attention paid to several areas especially important to 
the assessment of the patient with OSA. 

The nasal examination should be performed to deter- 
mine if there is a septal deformity, allergic/nonallergic rhi- 
nitis, or other nasal obstruction that may lead to difficulty 
breathing at night. If there is nasal obstruction that results 
in mouth breathing at night, the mandible opens caus- 
ing posterior displacement of the tongue with a narrowed 
glossal pharyngeal airway and increased airway resistance. 
Adherence to treatment of OSA with CPAP and/or oral 
appliances can be improved with patent nasal airways. 

Mallampati rating of the oral cavity was developed by an 
anesthesiologist to assess the difficult airway for intubation 
(57). Patients are asked to open their mouths wide and to 
protrude their tongues forward. A modified Mallampati or 
Friedman palate position is performed with the mouth open 
and without protrusion of the tongue (58). The oropharynx is 
assessed, and the classification of Mallampati I to IV is made 
based on the degree of visualization of the posterior pharyn- 
geal wall, uvula, soft palate, and hard palate (Fig. 135.7). 

Tonsils are evaluated and categorized on a scale of 0 
to 4 (Fig. 135.8). Zero is used when the tonsil has been 
previously surgically excised, and four would be for tonsils 


Class Ill 


Class IV 


Figure 135.7 Friedman modification of Mallampati classifica- 
tion. A: Class |: Full visibility of tonsils, uvula, soft palate, and hard 
palate. B: Class Il: Visibility of hard palate, soft palate, upper por- 
tion of tonsils, and uvula. C: Class Ill: Soft palate, hard palate, and 
base of uvula are visible. D: Class IV: Only hard palate is visible. 
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Grade 2+ Tonsil 


Grade 3+ Tonsil Grade 4+ Tonsil 


Figure 135.8 Tonsil size. A: Grade 1—Tonsil tissue is barely 
visible past anterior tonsillar pillar but not visible past posterior 
tonsillar pillar. B: Grade 2—Tonsil tissue is extending past anterior 
tonsillar pillar and obscuring posterior tonsillar pillar. C: Grade 3— 
Tonsil tissue is enlarged and almost obscuring pharyngeal airway. 
D: Grade 4—Tonsil tissue is meeting in the midline. 


that are “kissing” or touching in the midline. If a patient 
gags during the exam, the size of the tonsil may be incor- 
rectly assessed. The tonsils will touch during the pharyn- 
geal constriction and may be graded as touching when, in 
fact, this is physiologic. Removal of 3 to 4+ tonsil in some 
patients may result in elimination of the upper airway 
obstruction causing OSA. 

The Friedman clinical staging system for SDB takes into 
consideration the modified Friedman palate position, tonsil 
size, and BMI. It has been used as a predictor of the success 
of uvulopalatopharyngoplasty (UPPP) and to determine if 
additional surgical procedures would be useful (59). 

Dental occlusion should be assessed and recorded as 
Class I, I, or IU (Fig. 135.9). Class I is normal occlusion 
with the mesial buccal cusp of the first maxillary molar 
positioned into the intercuspal groove of the mandibular 
first molar. Class Il occurs when patients are retrognathic, 
and the mesial buccal cusp of the first maxillary molar is 
positioned mesial to the intercuspal groove of the mandib- 
ular first molar. Class II occlusion will have posterior dis- 
placement of the tongue and suffer from glossopharyngeal 
airways that have decreased anterior posterior diameter. 
Class III occlusion occurs with mandibular protrusion, and 
the mesial buccal cusp of the first maxillary molar is posi- 
tioned distal to the intercuspal groove of the mandibular 
first molar. Maxillomandibular advancement procedures 
for Class II and III occlusions can be extremely successful in 
patients with OSA and may improve cosmesis as well (60). 
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\ Overbite 


Overjet 


Figure 135.9 Dental occlusion is the classification between the 
maxillary and mandibular teeth when they come into contact during 
chewing or at rest. A: Class | molar occlusion: The mesial buccal cusp 
of the first maxillary molar is positioned into the intercuspal groove 
of the mandibular first molar and is considered normal occlusion. 
B: Class I] molar occlusion is the mesial buccal cusp of the first maxil- 
lary molar positioned into the intercuspal groove of the mandibular 
first molar and is sometimes referred as an overbite or retrognathic. 
C: Class III molar occlusion is the mesial buccal cusp of the first max- 
illary molar positioned distal to the intercuspal groove of the man- 
dibular first molar. D: There is normally 2 mm of overbite and overjet 
related to the central mandibular and central maxillary incisors. 


Nasopharyngeal endoscopy with Mueller maneuver 
is often attempted to identify the sites of collapse in the 
upper airway during sleep. Introducing a flexible fiberoptic 
scope into the hypopharynx to obtain a view, the exam- 
iner asks the patient to inhale; patient attempts to inhale 
with the mouth closed and nostrils plugged, which may 
lead to a collapse of certain segments of the airway. This 
maneuver has been used to predict success of surgical treat- 
ment by guiding the surgeon to treat one or more sites 
of pharyngeal obstruction. However, a prospective study 
demonstrated that Mueller maneuvers are not predictive of 
surgical outcomes for UPPP (61). 

Drug-induced sleep endoscopy is another diagnostic 
method that may help identify the specific site of obstruc- 
tion during apneas more accurately than the Mueller 
maneuver and awake endoscopy. Described in 1991, the 
technique uses pharmacologic induction of sleep and the 
placement of a flexible fiberoptic endoscope transnasally 
for visualization of the upper airway (62). Sleep endos- 
copy is performed in an operating room or procedure 
room with the surgeon and with a provider administering 
anesthesia. During pharmacologic sleep, a fiberoptic exam 
includes a complete assessment of the upper airway includ- 
ing the palate, oropharynx, hypopharynx, and retroglossal 
regions (web video by Dr. Ofer Jacobowitz). There have 


been attempts to correlate sleep endoscopy with surgical 
outcomes, but it is unclear if this technique is superior in 
choosing candidates for a specific surgical procedure (63). 

Neck circumference has been reported to be a better 
predictor of OSA than BMI. The neck circumference should 
be measured at the level of the superior border of the cri- 
cothyroid membrane with the patient in the upright posi- 
tion. A male with a neck circumference of 17 inches or a 
female with 1414 inches or greater and a BMI greater than 
30 has a 70% incidence of OSA (64). 

Abdominal obesity assessed by waist measurement or 
waist/hip ratio is related to increased risk of all-cause mor- 
tality regardless of BMI. The waist is measured simply at 
the smallest circumference of the natural waist, just above 
the belly button, and the hip circumference is measured 
at its widest part of the buttocks or hip. The relative risks 
seem to be relatively stronger in younger than in older 
adults and in those with relatively low BMI compared with 
those with high BMI. Waist-hip ratio is a risk factor espe- 
cially in severe OSA syndrome (65). 

The waist-hip ratio has been found to have better pre- 
dictive value for ventilation abnormalities than BMI. A 
ratio of more than 0.9 for men and more than 0.85 for 
women is abnormal. Central obesity impairs ventilation 
to lower lung zones, resulting in abnormally lower ventila- 
tion—-perfusion ratios (66). 


RADIOLOGIC EVALUATION OF THE 
AIRWAY IN SLEEP-DISORDERED 
BREATHING 


Patients with OSA often have a narrower pharyngeal air- 
way than normal individuals because of fat infiltration, 
increased soft tissue volume, or reduced pharyngeal muscle 
tone (1). Imaging techniques have been used to evaluate the 
sites of upper airway obstruction through static or dynamic 
techniques. Static techniques are x-ray cephalometry, com- 
puted tomography (CT), and magnetic resonance imaging 
(MRI). Dynamic techniques would be fluoroscopy, somno- 
fluoroscopy (performed during sleep), cine CT, ultrafast CT, 
and MR imaging and fluoroscopic MRI. Imaging is primar- 
ily used in the planning of surgical intervention, the fitting 
of oral appliances, and the evaluation of treatment failures. 


X-Ray Cephalometry 


Lateral x-ray cephalometry is one of the standard diagnos- 
tic tools for evaluation of craniofacial skeletal abnormali- 
ties (Fig. 135.10). While it has the advantage of low cost, 
ready availability, and excellent demonstration of bony 
detail, its drawbacks include the fact that it is a static two- 
dimensional assessment of the airway and it is less sensi- 
tive to soft tissue interfaces. 

There are multiple studies comparing differences 
between the upper airway and craniofacial anatomy 
between OSA patients and controls. The results are difficult 
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Figure 135.10 Lateral x-ray cephalogram. The cephalometric 
landmarks used in this study. S (sella), midpoint of sella; N (nasion), 
anterior point at the frontonasal suture; ANS (anterior nasal spine), 
most anterior point of the anterior nasal spine; PNS (posterior 
nasal spine), most posterior point of hard palate; A (subspinal 
point), deepest anterior point in concavity of the maxilla; B (supra- 
mental point), deepest anterior point in concavity of the mandible; 
Gn (gnathion), most inferior point of the mandibular symphysis; H 
(hyoid), most anterosuperior point of hyoid bone; E (epiglottis), 
base of epiglottis; Go (gonion), most posterior and inferior point 
of the angle of the mandible; P (soft palate), most inferior and pos- 
terior point of the soft palate; MP (mandibular plane), mandibular 
plane joining gonion with gnathion; SNA (deg), angle between na- 
sion-sella line (NSL) and the line from A to N (measures projection, 
anterior or posterior of maxilla); SNB (deg), angle between NSL 
and the line from B and N (measures position of mandible); ANB 
(deg), angle between the line from A to N and the line from B to 
N (measures position of maxilla with mandible); PNS-ANS, linear 
distance between PNS and ANS; ANS-H, linear distance between 
ANS and H; ANS-E, linear distance between ANS and E; PNS-P lin- 
ear distance between PNS and P (measures length of velum of pal- 
ate); MP-H, linear distance between the mandibular plane and H. 


to compare because authors use different landmarks and 
calculated ratios to describe differences that were found. 
The reduction in mandible length and inferior displace- 
ment of the hyoid bone appears to be the most important 
skeletal abnormalities predisposing to OSA (67). 


Fluoroscopy and Somnofluoroscopy 


Fluoroscopic examination of the airway provides dynamic 
evaluation of the upper airway during wakefulness and 
sleep. Somnofluoroscopy demonstrates the dynamic events 
during apneas and has shown fluttering of the soft palate, 
which preceded airway collapse. This technique allows the 
examination of the sequence of events leading to airway 
collapse in OSA. It has also been used to determine the 
effect of oral appliances on airway size. Its clinical applica- 
bility is limited as this technique shows the upper airway 
in only two dimensions, and its use can result in high lev- 
els of radiation exposure. 
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Figure 135.11 CT of patient with OSA-axial contrast-enhanced 
CT image at the level of the oropharynx demonstrating promi- 
nence of the lingual tonsils, which are seen to prolapse backward 
during sleep leading to obstruction. *Parapharyngeal fat pads. 


Computed Tomography 


CT scanning proves soft tissue contrast and allows precise 
measurements of cross-sectional areas at suspected levels 
of obstruction (Fig. 135.11). Newer technologies with fast 
scanning times allow a dynamic assessment of the upper 
airway during a respiratory cycle. There are scanning pro- 
tocols under hypnotic sedation to replicate resting, sleep, 
sleep during apneas, and wakefulness (68). Concerns 
regarding the dose of ionized radiation remain problem- 
atic. CT images also lack soft tissue contrast particularly for 
adipose tissue when compared to MRI. 


Magnetic Resonance Imaging 


MRI offers several important advantages compared to 
cephalometry or CT scans. MRIs provide excellent soft tis- 
sue resolution and lack of ionizing radiation. Various stud- 
ies have demonstrated the presence of parapharyngeal fat 
deposits in patients with OSA who are obese and antero- 
lateral fat deposits in nonobese patients (69) (Fig. 135.12). 
Multiple studies have used MRI to determine structural risk 
factors for OSA with conflicting results. Do et al. (70) dem- 
onstrated a weak trend for larger tongues in patients with 
OSA; however, Schwab et al. (71), using three-dimensional 
MRI analysis techniques, have confirmed that the volume 
of the upper airway soft tissue structures, including the 
tongue, is enlarged in patients with sleep apnea and that 
this enlargement is a significant risk factor for sleep apnea. 
Ultrafast MRI can demonstrate dynamic three-dimensional 
changes in the upper airway during sleep and is used to 
identify site of obstruction, particularly in the pediatric 
population. 
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Figure 135.12 MRI demonstrating in OSA. Axial noncontrast 
MR image, demonstrating narrowing of the airway, which is more 
round than oval. In normal patients, airway is more oval with pat- 
ent lateral recesses. Lateral parapharyngeal fat pads are indicated 
by the asterisks and appear larger in this apneic patient, although 
their role in genesis of OSA is uncertain. 


DIAGNOSIS OF SLEEP DISORDERS 


While the history and examination of the patient with 
symptoms of OSA can be highly suggestive of this diag- 
nosis, confirmation with a sleep study is necessary. When 
Hoffstein and Szalai (72) studied 594 patients referred for 
possible OSA, they found that physician subjective impres- 
sion only correctly identified 51% of the patients with 
OSA and 71% of the patients without OSA. The PSG is 
indicated in the diagnosis of SDB, positive airway titration 
studies, and some movement disorders of sleep (73). It 
consists of in-laboratory electrographic recordings of mul- 
tiple physiologic parameters during drowsiness and sleep. 
Measurements may include EEG for sleep staging, electro- 
oculogram (EOG) channels to measure eye movements, 


Figure 135.13 Three-hundred- 
second PSG recording in a 63-year- 
old male with snoring, hyper- 
tension, and EDS. Note snoring Few 

recorded on microphone channel me ha 
apneas (solid arrows) and hypop- 
neas (dotted arrows) on the flow 
channel with persistent respiratory 
effort and oxygen desaturations eoabscathest & 
with respiratory events. 


SyN ta) VARIABLES SCORED AND 
PEEP) PHYSIOLOGIC PARAMETERS 
es) USED IN POLYSOMNOGRAPHY 


Physiologic Parameters used 


Variable Scored in Scoring 


Sleep stages EEG, EOG, EMG (atonia) 

Arousals EEG 

Respiratory events Flow (nasal pressure and thermistor), 
respiratory effort, oximetry 


Leg movements-—periodic EMG 


electromyography (EMG) measured superficially on the 
skin to assess for movement or atonia during REM sleep, 
airflow monitors including nasal pressure and thermistor, 
EKG leads, pulse oximetry, chest and abdominal excursion 
monitors to assess respiratory effort, auditory recordings of 
snoring, and video recording of movements in sleep (74) 
(Fig. 135.13). The data collected in a full night of sleep are 
scored in accordance with the American Academy of Sleep 
Medicine (AASM) guidelines (75). The variables scored in 
a PSG are listed in Table 135.12. 

Also recorded in a PSG are data defining sleep onset, 
sleep efficiency, awakenings, and body position during 
sleep. The number of scored events is reported as an index 
or events per hour of sleep. The AHI is the number of 
apneas + hypopneas per hour of sleep. The RDI is the num- 
ber of apneas + hypopneas + respiratory-related arousals 
per hour of sleep (Table 135.13). 

Polysomnography is the traditional test for diagnosis of 
OSA. While many otolaryngologists interpret these stud- 
ies, often physicians are called upon to treat patients based 
upon a sleep study interpreted by another physician. The 
AHI and RDI are not the only relevant and useful values 
contained within this report. A systematic review of the 
data within the PSG report will help determine the appro- 
priate treatment for the patient. Table 135.14 contains tips 
for the review of polysomnographic data. 
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Obstructive Apnea—Respiratory event with a drop in the respiratory signal (thermistor signal preferred) by >90% of baseline lasting at 
least 10 s associated with continued respiratory effort throughout the period of absent airflow. 

Hypopnea—Respiratory event with a drop in the nasal pressure signal by 230% of pre-event baseline using nasal pressure or an alterna- 
tive hypopnea sensor lasting at least 10 s associated with a 23% oxygen desaturation from pre-event baseline or an arousal. 

Arousal—An abrupt change in EEG frequency >16 Hz that lasts 3 s with at least 10 s of stable sleep preceding the change. During REM 
sleep, a concurrent increase in submental EMG lasting at least 1s is required. 

Respiratory Effort-Related Arousal—A sequence of breaths lasting at least 10 s with a flattening of the nasal pressure waveform or 
increasing respiratory effort resulting in an arousal from sleep when this event does not meet criteria for an apnea or hypopnea. 

AHI—Apneas + hypopneas per hour of sleep. 

RDI—Apneas + hypopneas + respiratory effort-related arousals per hour of sleep. 

Hypoventilation— There is an increase in the arterial PCO2 (or surrogate) to a value >55 mmHg for 210 min or there is a 210 mm Hg 
increase in arterial PCO2 (or surrogate) during sleep (in comparison to an awake supine value) to a value exceeding 50 mm Hg for 
210 min. 

Cheyne-Stokes Breathing— There are episodes of 23 consecutive central apneas and/or central hypopneas separated by a crescendo 
and decrescendo change in breathing amplitude with a cycle length of 240 s and there are 25 central apneas and/or central hypopneas 
per hour of sleep associated with the crescendo/decrescendo breathing pattern recorded over 22 h of monitoring. 

Sleep Latency—Time in minutes from lights out until the first epoch in any sleep—usually Stage N1. 

Sleep Efficiency—Total sleep time/total recording time (lights out to lights on) x 100. 

REM Latency or Stage R Latency—Time in minutes from sleep onset to the first epoch of stage REM. 


From Berry RB, Brooks R, Gamaldo CE, et al. The AASM manual for the scoring of sleep and associated events: rules, terminology and technical 
specifications, version 2.0. Darien, IL: American Academy of Sleep Medicine, 2012, www.aasmnet.org. 


TABLE 
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Study parameters— 

Total sleep time and sleep efficiency—Review to be certain that the patient had a representative night of sleep. Normal adult sleep 
efficiency is 85%-90%, and sleep time in the laboratory is usually over 6 h. Very low sleep efficiency or a short sleep duration indicates a 
poor night of sleep that may not adequately represent the patient’s usual sleep. 

Sleep latency—Normal sleep latency is 10-30 min. A markedly decreased sleep latency of <10 min may signal excessive sleepiness. 

A sleep latency over 40 min can be secondary to a first night effect in the laboratory but may also indicate an underlying disorder such 
as DSPS. 

REM latency—Normal REM latency is 80-110 min. A REM latency of <10 min may indicate the possibility of narcolepsy. A moderately 
reduced REM latency of 40-60 min can be seen in a number of conditions. It can be associated with depression, cessation of REM- 
suppressing drugs, alcohol withdrawal, and circadian rhythm disorders. 

Sleep stages—SDB is often more prominent in REM sleep due to REM atonia. The lack of REM sleep during the study may mask or under- 
estimate the presence or severity of SDB. Stage | (N1) sleep is a very light stage of sleep, which is normally present in 5%-10% of the 
night’s sleep. A high percentage of N1 sleep suggests very disrupted sleep. Abnormal sleep stage distribution may also indicate medi- 
cation effect, underlying sleep deprivation or other abnormalities of sleep. Since Stage N3 sleep declines with age, it is not abnormal for 
older adults to have little or no slow-wave sleep. 

Respiratory summary—Within the respiratory summary is a detailed accounting of the number of apneas; the number and percent of 
each type of apnea: central, mixed, or obstructive; the number of hypopneas; and the number of RERAs. Presence of significant central 
apneas may indicate underlying heart failure, prior CVA, or medication effect. Also note the positional effect on the respiratory indices 
to determine if positional therapy may be helpful. 

Arousal index—Arousals are abrupt changes of EEG frequency of 3 s or longer. These can be spontaneous, related to limb movements, 
or respiratory effort related. RERAs are included in the RDI, but not the AHI. A high number of spontaneous arousals may indicate an 
underlying medical problem such as fibromyalgia or pain. If the report does not include RERAs, the spontaneous arousals may include 
the respiratory arousals, and the RDI will not be reported. Studies that do not record and score arousals, including many home or por- 
table studies, may not give a clear picture of the sleep disruption caused by SDB. 

Graphic PSG data—This is a graphic representation of the data contained within the PSG report including the sleep hypnogram and 
graphs of the AHI, arousals, oximetry, heart rate, and body position. It is helpful in identifying associations within the study such as posi- 
tional sleep apnea, REM-related events, and severely disrupted sleep. 
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An additional type of sleep test that determines the 
propensity to fall asleep during the day is an MSLT. It is 
recommended, with a PSG, for the diagnosis of narcolepsy 
or suspected idiopathic hypersomnia (76). It may also be 
useful in a patient with OSA who does not have resolution 
of EDS with adequate treatment of the OSA. 

In 2007, the US Centers for Medicare and Medicaid 
Services (CMS) released a statement endorsing the use of 
certain types of portable monitoring for diagnosing OSA 
and initiating CPAP therapy (77). This has opened the door 
for the widespread use of home sleep testing or portable 
monitors in sleep diagnosis. This technology has the poten- 
tial to provide cost savings in the diagnosis of OSA and to 
expedite diagnosis and treatment for patients. Portable 
monitoring devices generally measure airflow, oximetry, 
heart rate, and respiratory effort, but do not measure sleep. 
Some devices measure other parameters including periph- 
eral arterial tone and pulse transit time as surrogate mea- 
sures of arousals, respiratory effort, respiratory events, and 
sleep time. Since most portable devices do not measure 
sleep, the RDI reported in these devices is the number of 
apneas and hypopneas per hour of recording time. 

A minimum of seven parameters are recorded in a PSG, 
and these studies require the onsite monitoring of the 
patient by a sleep technologist. These in-lab studies are 
classified as type I sleep studies. The level or type of a sleep 
study is determined by the number of physiologic param- 
eters monitored (see Table 135.15). 

Many patients can be successfully diagnosed with sleep 
apnea using portable monitoring devices. In some patients, 
this can be the preferred method of treatment due to issues 
of mobility, cognitive dysfunction away from the home 
environment, or safety (see Table 135.16). 

There are certain medical conditions that limit the accu- 
racy of these devices. In patients with comorbid medical con- 
ditions such as congestive heart failure, recent cerebrovascular 
accident (CVA), possible seizure disorder, and other sleep 
disorders, a PSG is recommended (78) (see Table 135.17). 


TREATMENT OF SLEEP DISORDERS 


Management of a patient with SDB requires a compre- 
hensive long-term treatment plan and follow-up. Rarely 
does a patient have only one sleep disorder, so the entire 


TABLE 
135.15 CLASSIFICATION OF SLEEP STUDIES 


Type 1 27 physiologic parameters monitored and sleep 
technician in attendance 

Type 2 27 physiologic parameters monitored, unattended 

Type 3 4-7 physiologic parameters monitored, unattended 

Type 4 23 physiologic parameters monitored, unattended 


INDICATIONS FOR THE USE 
OF PORTABLE MONITORING 
IN ADULTS—AASM GUIDELINES 


TABLE 


135.16 


Patients with a high pretest probability of moderate to severe 
OSA 

Patients for whom in-laboratory PSG is not possible by virtue of 
immobility, safety, or critical illness 

To monitor response to non-CPAP treatments for OSA including 
oral appliances, upper airway surgery, and weight loss 


sleep history should be considered when planning ther- 
apy. Even if the patient’s SDB is successfully treated, if this 
patient is only sleeping 4 hours a night, the patient’s chief 
complain of sleepiness will likely persist. Sleep hygiene 
issues, underlying insomnia or a circadian rhythm dis- 
order, may require treatment to provide optimal therapy 
for the patient. Treatment of obesity, both with diet and 
lifestyle changes and with surgical intervention, has been 
shown to have a significant beneficial effect on OSA. A 
10% loss in body weight can result in a 26% decrease in 
AHI (79). 

OSA is a chronic disease that requires long-term follow- 
up. Even if symptoms are currently resolved, the patient 
should be made aware of the likelihood of progression of 
symptoms in the future and the factors that will hasten the 
return of these symptoms. 

PAP therapy is the first line of treatment for most adult 
Patients with SDB. Successful treatment with PAP is greatly 
enhanced by close support from the treating physician and 
staff and education for the patient about the therapy. PAP 
therapy is fully covered in Chapter 136. A large percentage 
of patients with SDB can be successfully treated with CPAP 
in the laboratory setting. Long-term compliance, however, 
is much more problematic. Adequate compliance is diffi- 
cult to define and to achieve. Most studies show long-term 
usage by only about 50% to 65% of those patients who 
initially accept PAP therapy (80). Current CMS standards 
define successful use or adequate compliance as the use of 
PAP for longer than 4 hours for 70% of nights. Using this 


U5) CONTRAINDICATIONS FOR THE 
ye} 4 USE OF PORTABLE MONITORING 


Patients with significant comorbid medical conditions (moderate 
to severe pulmonary disease, neuromuscular disease, congestive 
heart failure recent cerebrovascular accident, nocturnal hypox- 
emia requiring oxygen therapy) 

Patients suspected to have other sleep disorders (CSA, periodic 
limb movement disorder, insomnia, parasomnias, circadian 
rhythm disorders, or narcolepsy) 

General screening of asymptomatic populations 
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definition of compliance, a patient is adequately treated 
when wearing CPAP less than half of their sleep time. 

Patients with a fixed, surgically correctable airway 
obstruction, such as marked tonsillar hypertrophy or large 
cervical osteophytes, may be candidates for primary treat- 
ment with surgery. 

For patients intolerant of CPAP therapy, sleep surgery 
provides a viable secondary treatment option. Factors 
that influence surgical success include age, health, weight, 
tongue size, the presence of other areas of obstruction, and 
severity of OSA. Resolution of OSA is not the only appro- 
priate goal of surgical therapy in a patient with OSA. Any 
intervention that improves CPAP compliance can have 
significant benefit to the patient. A procedure that relieves 
nasal obstruction or allows the patient to be adequately 
treated at a lower, more tolerable CPAP pressure may 
improve the patient’s CPAP compliance. Similarly, resolu- 
tion of nasal obstruction may allow an OSA patient to be 
adequately treated with an oral appliance. 

Successful diagnosis and treatment of the patient with 
sleep disorders are best accomplished using a thorough sys- 
tematic approach. Sleep disorders affect up to 30% of the 
population and are associated with significant sequelae 
including cardiovascular and endocrine disorders, exacerba- 
tion of depression and anxiety, heightened pain perception, 
impaired daytime functioning, and increased motor vehicle 
accidents. Often a multidisciplinary approach to these com- 
plex disorders will provide optimal patient outcomes. 


= Sleep disorders are prevalent in the population and 
are associated with significant physiologic conse- 
quences. 

= Inadequate sleep or sleep deprivation can impair 
memory, learning, judgment, fine motor skills, and 
reaction time. 

m SDB is associated with increased risk of cardiovascu- 
lar events including MI and CVA, diabetes, obesity, 
neurocognitive deficits, motor vehicle accidents, 
and an increased risk of death from all causes. 

m A complete history, including a focused review of 
systems, and physical examination are necessary to 
identify patients at risk for sleep disorders. 

m Diagnosis of OSA is made with either an in-lab PSG 
ora home sleep test. 

m First-line therapy for OSA is PAP therapy. Oral appli- 
ances can also provide adequate therapy for select 
patients with OSA. 

m Surgery for OSA is reserved for patients with a spe- 
cific correctable anatomic obstruction or those who 
have failed PAP therapy. 
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Medical Therapy for 
Obstructive Sleep Apnea 


Ryan J. Soose 


Obstructive sleep apnea (OSA) is a chronic condition that 
will require management across the lifespan. Like most 
chronic diseases, prevention of OSA remains the primary 
goal and most attractive treatment from a public health 
perspective. At this juncture, management of the large popu- 
lation of patients diagnosed with sleep-related breathing 
disorders (as well as those who are still undiagnosed) 
remains the critical focus of most sleep physicians. As with 
hypertension (HTN), diabetes, and other chronic condi- 
tions, the individual treatment plan is not aimed at “cure” 
but rather (a) symptom and quality of life improvement 
and (b) reduction of cardiovascular and general health risk. 

Both physician and patient understanding of OSA is 
the cornerstone for successful management. This approach 
allows for customization of each individual’s treatment 
plan depending on their symptoms, airway anatomy, dis- 
ease severity, and medical comorbidities. Across the lifes- 
pan, the same patient, with the same apnea hypopnea 
index (AHI), may benefit from different discrete treatment 
options, or a combination of treatment options, depend- 
ing on the clinical context at that particular stage of life. 

Positive airway pressure (PAP) therapy and oral appliances 
comprise the foundation of OSA medical management in 
the majority of patients. Nevertheless, there are many other 
management tools that can be employed to optimize clinical 
results, particularly when used in combination with PAP or 
oral appliance therapy. An individualized approach consid- 
ering all available treatment options provides the most effec- 
tive long-term management strategy for many patients. 


Introduction 


The treatment of OSA with continuous positive airway 
pressure (CPAP) was first described by Sullivan et al. in 
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1981 (1). The introduction of CPAP marked an enormous 
advance in the management of OSA. The first commercially 
available PAP systems were marketed in the mid-1980s. 
CPAP rapidly became the mainstay of sleep apnea therapy 
and is still the most widely used treatment modality today. 

In the Starling resistor model of the pathophysiology 
of OSA (Fig. 136.1), the collapsible segment of the tube 
(pharynx) is bound by an upstream and downstream seg- 
ment with a corresponding upstream and downstream 
pressure (P,, and P,,.) (2). 

Airway occlusion occurs when the surrounding tissue 
pressure, P|, (comprising tongue, pharyngeal muscles, 
parapharyngeal fat, mucosal edema, etc.), becomes greater 
than the intraluminal pressure (P. ). 


in 


The critical closing pressure (P.,,,) is represented by the 


P.. when airway obstruction occurs. Inspiratory airflow 
depends directly on the difference between P, and P_.., and 
therefore, effective therapy for OSA requires widening the 
differential between P|, and P_,,. This goal can be accom- 
plished in two ways: (a) increasing P , or (b) reducing P.,. 
PAP works by accomplishing the former with the applica- 
tion of increased pressure at the airway opening. 

PAP systems for the treatment of sleep apnea consist of a 
generator that directs airflow downstream to the patient via 
tubing and an interface. Positive pressure is introduced into 
the upper airway providing a pneumatic splint through the 
entire length of the collapsible pharyngeal segment and thus 
maintaining airway patency and effective control of breath- 
ing. The splinting effect constitutes the primary mechanism 
of therapeutic action, although augmentation of lung vol- 
ume may play a secondary beneficial role as well (3,4). 


Modalities 


Continuous Positive Airway Pressure 

Continuous positive airway pressure (CPAP), or fixed- 
pressure CPAP, was the first modality described and still 
the most widely used. This modality delivers the same 
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Figure 136.1 Pathophysiology of OSA: Starling resistor model 
of OSA depicting a collapsible tube (pharynx) with a correspond- 
ing intraluminal pressure (P,) and surrounding tissue pressure 


(P..,). The upstream pressure (P._.) corresponds to the pressure at 


out us’ 


the nose or airway opening, and the downstream pressure cor- 
responds (P,.) to the tracheal or intrathoracic pressure. The criti- 


cal closing pressure (P_,.) is represented by the P, at which airway 


obstruction occurs and is directly dependent on the difference 
between P.. and P_... Successful management of OSA requires 
adequate increase in the P . or reduction in the P_,,. (Reproduced 
from Dempsey JA, Veasey SC, Morgan BJ, et al. Pathophysiology 
of sleep apnea. Physio! Rev 2010;90:47-112, with permission.) 


pressure to the patient during both inspiration and expira- 
tion and remains unchanged throughout the night. 


Bilevel Positive Pressure 

Bilevel positive pressure (BIPAP) provides the ability to 
independently adjust the inspiratory (IPAP) and expiratory 
(EPAP) pressure such that the pressure delivered during 
exhalation is lower than that delivered during inhalation 
(5). Several studies have confirmed the effectiveness of 
BIPAP in the treatment of OSA in adults (6-9). 

Most BIPAP devices are used in one of two modes: spon- 
taneous (S-mode) or spontaneous-timed (ST-mode). 
In S-mode, IPAP is delivered in response to a patient 
“trigger.” In ST-mode, the patient may trigger the delivery 
of IPAP; in addition, the physician may set the device so 
that IPAP is delivered at prescribed intervals if a spontane- 
ously triggered breath does not occur within that interval. 
This backup respiratory rate provided in the ST-mode is 
not commonly employed in the treatment of classic OSA 
but may be beneficial in selected patient groups with 
more complex sleep-disordered breathing, such as those 
with neuromuscular disorders, chest wall deformities, 
or congestive heart failure (CHF) with Cheyne-Stokes 
breathing. 


Autotitrating Continuous Positive Airway Pressure 

The pressure required to maintain airflow and control of 
breathing may vary throughout the night, as well as from 
night to night, and may be dependent on patient factors 
such as sleep staging, body position, and alcohol con- 
sumption. In autotitrating devices, the physician sets a pre- 
scribed pressure range, allowing the delivered pressure to 
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vary throughout the night in order to meet the patient's 
changing pressure requirements in real time. Autotitrating 
devices employ computer algorithms to detect changes 
in airflow and adjust the delivered pressure accordingly. 
Autotitrating devices are available in both autotitrating 
continuous positive airway pressure (APAP) and autotitrat- 
ing BIPAP (auto bilevel) forms. 

One theoretical advantage of autotitrating technology is 
the reduction in the overall cumulative pressure exposure 
during the night and subsequent improvement in patient 
comfort and compliance. Compared to fixed CPAP, studies 
of APAP show similar effectiveness on both symptomatic 
and polysomnographic measures and a small (2 cm H,O) 
average reduction in pressure. On an individual basis, some 
patients strongly prefer APAP over traditional fixed CPAP 
or BIPAP. The literature has not yet supported an improve- 
ment in adherence with autotitrating devices compared to 
fixed-pressure devices in CPAP naive patients (10,11). 


Methods of Titration 


The traditional diagnostic and therapeutic evaluation of 
OSA involves two separate nights in the sleep laboratory. 
The first represents a full-montage attended overnight 
polysomnography for diagnostic purposes. If indicated, 
the patient then returns to the sleep lab a second night for 
a treatment study that again involves full-montage poly- 
somnographic recording but in conjunction with manual 
PAP titration by the attendant sleep technician. 

One method of improving cost-effectiveness and patient 
access is the consideration of a split-night study in certain 
clinical circumstances. A split-night study combines diag- 
nostic polysomnography and a PAP titration in one night, 
rather than the traditional process of two separate nights 
(12,13). Proper clinical judgment in patient selection is 
essential, as inaccurate estimation of OSA severity and/ 
or incomplete therapeutic titration may occur. Specific 
guidelines have been published by the American Academy 
of Sleep Medicine (AASM) for the use of split-night 
studies (14). 

Alternatively, in-laboratory manual titration may be 
bypassed altogether with more recent developments in 
home portable monitoring and home auto-CPAP titration. 
Properly selected patients with a high pretest probability of 
OSA may undergo the initial diagnostic study at home with 
an unattended portable four-channel monitoring system. 
Additionally, the patient generally receives CPAP education 
and mask fitting in the clinical setting during the day. If the 
portable study is consistent with OSA and PAP therapy is 
indicated, the patient is then loaned an autotitrating device 
to use at home fora short period of time (e.g., 1 or 2 weeks). 

The device is subsequently returned and the informa- 
tion downloaded with regard to effectiveness, usage, and 
mask leak. The patient can then receive a prescription for 
either fixed-pressure CPAP (usually set at the 90th per- 
centile pressure) or an APAP as permanent therapy. At the 
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present time, home autotitration appears to be at least as 
effective as traditional methods with regard to both subjec- 
tive and objective outcome measures as well as adherence 
rates (15). Additionally, it has the potential to be associ- 
ated with improved cost-savings and increased resource 
availability across a population. 


Interfaces 


A variety of types of CPAP interfaces are widely available. 
The most common types fall under one of three categories: 
nasal masks, nasal pillows, and full-face masks (Fig. 136.2). 
Mask selection and sizing is generally accomplished by the 
sleep technician addressing the patient's comfort, concerns, 
and facial anatomy. Proper mask fitting, patient education, 
and close clinical monitoring and follow-up are essential 
to successful long-term management. 

In one randomized crossover study comparing nasal 
pillows and a nasal mask, investigators reported that nasal 
pillows were associated with less frequent adverse effects, 
less air leak, and less insomnia symptoms, although adher- 
ence and functional outcome measures did not differ 
between the groups (16). 


Effectiveness 


With adequate pressure application and proper usage/ 
adherence, PAP therapy often provides effective control of 
sleep-disordered breathing and subsequently accomplishes 


ee el 


A B 


the main goals of symptom/quality of life improvement 
and reduction of cardiovascular and general health risks. 


Symptom and Quality of Life Improvement 

CPAP has been shown to improve both subjective and 
objective measures of OSA. On polysomnography, proper 
CPAP titration is associated with improved sleep continu- 
ity and architecture. During the first night of treatment, 
some patients may manifest an unusually large percentage 
of rapid eye movement (REM) sleep (“REM rebound”) as 
a result of sudden reversal of the airway obstruction and 
associated chronic sleep deprivation. CPAP often has a ben- 
eficial impact on other nocturnal aspects of OSA, including 
treatment of snoring, decreased nocturnal awakenings, and 
a reduction in nocturia (17-22). 

In studies of patients with OSA and hypersomnia, treat- 
ment of CPAP is associated with a reduction in daytime 
sleepiness and improvement in neurocognitive function 
and quality of life measures (23,24). The effect of CPAP 
on objective metrics of sleep propensity during the day 
(e.g., multiple sleep latency test [MSLT] or maintenance 
of wakefulness test) is less clear, with only some studies 
showing an effect and a less compelling impact in patients 
with mild OSA (17,23,25). Nevertheless, despite some 
controversy with regard to the sleep laboratory results, the 
data on motor vehicle collisions, one of the most impor- 
tant public health risks associated with OSA, are much 
more convincing. A number of studies employing driv- 
ing simulators have demonstrated improved performance 


Cc 


Figure 136.2 PAP interfaces: Examples of the three most common categories of mask interfaces 
for positive pressure therapy are depicted: (A) nasal pillows, (B) nasal mask, and (€) full-face mask. 
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Figure 136.3 Reduction in motor vehicle collisions in patients OSA treated with CPAP: Mean motor 
vehicle collision rate in OSA patients during the 3-year period before CPAP treatment and the 3-year 
period with CPAP treatment (A). Mean motor vehicle collision rates in control subjects during the 
same time periods (B). (Reproduced from George CFP. Reduction in motor vehicle collisions following 
treatment of sleep apnea with nasal CPAP. Thorax 2001;56:508-512, with permission.) 


following initiation of CPAP therapy (26-28). Similarly, a 
comparison of the number of accidents per driver per year 
over the 3 years before and following CPAP therapy in OSA 
patients demonstrated a notable reduction, reaching levels 
that were comparable to those in individuals without OSA 
(Fig. 136.3) (29). 


Reduction of Cardiovascular and General Health 
Risks 

Numerous studies have shown that OSA is associated with 
cardiovascular disease and that successful PAP therapy 
results in reduced cardiovascular mortality (30-32). In a 
prospective cohort from the Sleep Heart Health Study, inves- 
tigators showed that sleep-disordered breathing is associ- 
ated with increased overall mortality as well as mortality 
specifically due to coronary artery disease, particularly in 
those patients with severe OSA (AHI greater than 30) (Fig. 
136.4) (31). A large observational study showed that men 
with severe OSA have an increased rate of both fatal and 
nonfatal cardiovascular events (32). Furthermore, treatment 
with PAP effectively lowered this cardiovascular risk (Fig. 
136.5). Finally, Peker et al. (33) assessed incident cardiovas- 
cular events in middle-aged men with OSA over 7 years and 
noted that the incidence of cardiovascular events in patients 
who were adequately treated (by PAP, uvulopalatopharyn- 
goplasty, or oral appliances) was about 7% in contrast to 
about 57% in patients who were inadequately treated. 


Cardiac rhythm disturbances are common in OSA 
patients, and the favorable response of arrhythmias to 
CPAP therapy, especially in the absence of structural heart 
disease, reinforces the linkage between OSA and rhythm 


1.0 


2 09 
2a 
oO 
2 
[J 
a Apnea-hypopnea index 
g (events /hr) 
AMY eee 
a 
—— 15.0 + 29.9 
> 30.0 
0.7 
0 1 2 3 4 5 6 7 8 9 10 
Years 
Atrisk: 6294 6205 6110 6001 5868 5732 5566 5411 4756 2357 300 


deaths: 0 59 143° «241 «(359 «4478 «=61G6 S757) B75 989 = 1046 


Figure 136.4 OSA severity and cardiovascular mortality: 
Prospective cohort analysis from the Sleep Heart Health Study 
showing that increased severity of OSA, based on AHI criteria, is 
associated with increased mortality from cardiovascular disease. 
(Reproduced from Punjabi NM, Caffo BS, Goodwin JL, et al. Sleep- 
disordered breathing and mortality: a prospective cohort study. 
PLoS Med 2009,6(8):e1000132, with permission.) 
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Figure 136.5 The effect of CPAP treatment on cardiovascular 
mortality in OSA patients: The risk of fatal (A) and nonfatal (B) 
cardiovascular event is increased in men with severe OSA, and 
that risk is significantly lowered with treatment of the OSA with 
positive pressure therapy. (Reproduced from Marin JM, Carrizo 
SJ, Vincente E, et al. Long-term cardiovascular outcomes in men 
with obstructive sleep apnea-hypopnea with or without treatment 
with continuous positive airway pressure: an observational study. 
Lancet 2005;365:1046-1053, with permission.) 


disturbances (34-39). A recent randomized controlled 
trial reported that, after 1 month, CPAP therapy reduces the 
frequency of premature ventricular beats by nearly 60% in 
OSA patients with heart failure compared to patients who 
are not receiving CPAP, in whom there was no significant 
change (39). 

Studies also support the improvement in left ventricular 
function after initiation of PAP therapy for patients with 
OSA and heart failure (40). The mechanisms by which PAP 
may improve cardiac function in OSA patients with heart 
failure include relief of sleep-related hypoxemia, elimina- 
tion of cyclic increases in left ventricular afterload, reduc- 
tion in sympathetic nervous system activation, and reduced 
inflammation. 

Epidemiologic studies have provided compelling evi- 
dence that OSA is associated with increased risk for sys- 
temic HTN (41-46). Sleep apnea has been identified by 
the Joint National Committee on Prevention, Detection, 


Evaluation and Treatment of High Blood Pressure as a 
risk factor for HTN (47). Although it is plausible that 
PAP therapy would ameliorate diurnal HTN by elimi- 
nating intermittent hypoxic exposure and sympathetic 
nervous system activation and improving sleep continu- 
ity, the literature provides conflicting data in this regard 
(48-51). 

Using a randomized, placebo-controlled design to 
compare ambulatory blood pressure on CPAP and sham 
CPAP in subjectively sleepy OSA patients, Pepperell et al. 
(52) observed a small but significantly greater reduction 
in mean blood pressure during sleep in the active CPAP- 
treated group. Although small, the reduction in blood 
pressure in the active CPAP group would have a notable 
public health impact on cardiovascular risk. Conversely, 
there are a number of well-designed studies of groups 
of OSA patients either with or without subjective sleepi- 
ness, and with HTN, that have failed to demonstrate a 
significant reduction in blood pressure with PAP therapy 
(53-55). In summary, it is evident that further research 
is required to define the effect of PAP on HTN in OSA 
patients. 

The association between sleep-disordered breathing, 
including OSA, and increased risk for stroke is increas- 
ingly recognized. Data from the Wisconsin Sleep Cohort 
indicate that, even after adjusting for age, gender, smok- 
ing, HTN, alcohol use, and body mass index (BMI), 
sleep-disordered breathing is associated with increased 
risk for prevalent stroke (56). Further, there is increas- 
ing awareness of the association between OSA, abnormal 
glycemic control, type 2 diabetes mellitus, and other fea- 
tures of the metabolic syndrome (57). Further studies are 
required to determine if PAP therapy of OSA reduces risk 
for incident stroke and improves insulin sensitivity and 
glycemic control. 


Adherence 


Despite its documented effectiveness in improving symp- 
toms and quality of life and reduction of cardiovascular 
risk, acceptance of and adherence to PAP therapy remains 
one of the greatest challenges in treatment. In studies 
using at least 4 hours of average usage per night to define 
adherence, a wide range of 29% to 83% of patients were 
considered nonadherent (58). The minimal and optimal 
durations of usage that confer benefit are unknown and 
likely vary depending on the individual patient as well as 
the outcome measure being evaluated. It does appear that 
increasing duration of use is associated with increasing lev- 
els of improvement (Fig. 136.6). At least 6 hours of use per 
night appears to be associated with greater cardiovascular 
mortality risk reduction compared with fewer hours of use 
per night (30). 

Data card monitoring, with the use of smart cards or 
web-based technology, has revolutionized the assessment of 
PAP adherence. The data card provides information over a 
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Figure 136.6 CPAP usage and dose-response of outcome mea- 
sures: Cumulative proportion of participants obtaining normal 
threshold values on the Epworth Sleepiness Scale (ESS), MSLT, and 
Functional Outcomes of Sleep Questionnaire (FOSQ). (Reproduced 
from Weaver TE, Maislin G, Dinges DF, et al. Relationship between 
hours of CPAP use and achieving normal levels of sleepiness and 
daily functioning. Sleep 2007;30(6):711-719, with permission.) 


selected period of time on multiple data points, induding 
days used, hours of use per night, amount of mask leak, and 
a surrogate estimate of the residual AHI. Use of this technol- 
ogy to improve monitoring of adherence and effectiveness 
has the potential to dramatically improve long-term patient 
care. Any physician involved in the medical management of 
OSA should consider it part of the routine clinical practice. 

Objective adherence monitoring has made it apparent 
that patterns of adherence, or nonadherence, are estab- 
lished early. CPAP use in the first week after initiating 
therapy often predicts long-term success or failure (59). 
Information regarding the degree to which a patient is 
adherent to PAP is essential for assessment of a suboptimal 
clinical response. If a patient’s symptoms are inadequately 
resolved after the initiation of PAP treatment, possible rea- 
sons other than poor adherence include insufficient pres- 
sure delivery, mask leak, or a failure to recognize and treat 
a coexisting medical or sleep disorder that is also contrib- 
uting to the patient’s symptoms. 

Since an individual’s acceptance and adherence to PAP 
may be established shortly after initiating therapy, it stands 
to reason that close monitoring, education, and support dur- 
ing this period would be helpful. Studies have demonstrated 
improved adherence in conjunction with educational mate- 
rials, available and knowledgeable staff, and patient support 
groups (60,61). Patient and family member understanding 
of the disease process itself, the associated functional and 
health implications, and the reasons and options for treat- 
ment likely contribute to more successful results. 

There is increasing evidence that upper airway surgery 
may provide a useful adjunct to improve CPAP compliance 
and response to therapy. Unlike past concerns that asso- 
ciated traditional uvulopalatopharyngoplasty techniques 
result in mouth leak during CPAP use, newer, less morbid, 
and more effective reconstructive (rather than destructive) 
procedures may improve medical therapy results by lower- 
ing the critical closing pressure and reducing CPAP pres- 
sure requirements (62,63). 
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Side Effects and Complications 


Initiation of positive pressure therapy is often associated 
with side effects that can impede successful management. 
The side effects are frequently minor and/or transient and 
may improve with continued use and adaptation. Others 
are more significant and troublesome and may negatively 
affect adherence and even result in discontinuation of 
therapy. Psychological factors, such as claustrophobia or 
the perceived lifestyle change associated with indefinite 
nightly use of a device, are common and often challeng- 
ing to address (64,65). Table 136.1 provides a more com- 
prehensive list of reported adverse events with CPAP use 
as well as some of the management strategies that can be 
employed to overcome these obstacles. 

The most common adverse effects of CPAP therapy 
include mask leaks, rhinitis, and premature removal of the 
mask (66). Mask interface and proper fitting is one of the 
most important factors affecting adherence, and there are 
some data to support the potential for less side effects and 
improved adherence with use of a nasal pillows interface 
(16). Symptoms of chronic rhinitis and nasal obstruction 
commonly emerge or worsen with CPAP use. Empiric use 
of heated humidification and topical nasal steroids may be 
beneficial in some patients although the current literature 
shows variable results (67-72). A more thorough otolaryn- 
gologic approach, including endoscopic evaluation for both 
structural and inflammatory nasal pathology, should identify 
specific therapeutic targets. Surgical therapy for symptomatic 
structural nasal obstruction has the potential to dramatically 
improve PAP acceptance and adherence (73,74). 

More significant morbidity and adverse health effects 
associated with positive pressure therapy use are uncom- 
mon; however, recent reports suggest some CPAP users 
are at risk for adverse craniofacial and ophthalmologic 
changes. Tsuda et al. (75) assessed craniofacial measure- 
ments in OSA patients after 2 years of CPAP therapy com- 
pared to baseline. After 2 years of CPAP, the subjects were 
found to have significant changes in craniofacial structure, 
including both maxillary and mandibular retrusion and 
maxillary incisor retroclination. Kiekens et al. (76) com- 
pared intraocular pressure (IOP) measurements in OSA 
patients before and 1 month after initiation of CPAP. The 
authors found a significant increase in IOP and a reduc- 
tion in ocular perfusion pressure with CPAP therapy, par- 
ticularly at night while CPAP was in use. As a result, they 
recommend routine vision screening and optic disk evalu- 
ation in patients on positive pressure. 


ORAL APPLIANCES 


Introduction 


Oral appliances have been used for the management of 
snoring and OSA for last three decades, and they remain an 
underutilized tool in many patient populations, perhaps 
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TABL 


E 
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Side Effects 


Management Strategies 


Pressure or airflow related 


Difficulty exhaling 

Difficulty initiating/maintaining sleep 
Aerophagia 

Sinus or ear discomfort 

Chest wall discomfort 


Pressure ramp 
Mask refit 
Reduce expiratory pressure with bilevel therapy 


Reduce required pressure with adjunctive 
techniques (oral appliance, surgery, 
weight loss, positional therapy) 


Device or interface related 


Nasal congestion 

Rhinorrhea 

Dryness of the upper airway 

Epistaxis 

Skin abrasion or rash of the nose/face 
Conjunctivitis from air leak 

Machine noise 


Mask refit 

Heated humidification 

Topical nasal treatments for chronic rhinitis 
Surgical nasal procedures to lower nasal resistance 


Protective skin covering 
Longer tubing to move further from bedside 


Psychological reasons 


Claustrophobia 
Cumbersomeness 
Travel inconvenience 
Spousal intolerance 


due to simply a lack of familiarity of this treatment modal- 
ity by the pulmonologists, neurologists, otolaryngologists, 
and even dentists who see patients with sleep-disordered 
breathing. The most commonly used appliances today fall 
under the general category of mandibular repositioning 
appliances (MRAs), also known as mandibular advance- 
ment devices (MADs). In 2006, an extensive review 
of the literature and practice parameters for the use of 
oral appliances in sleep-disordered breathing was pub- 
lished through the American Academy of Sleep Medicine 
(77,78). 

Current AASM practice parameters recommend rou- 
tine clinical use of oral appliances in patients with 
(a) primary snoring who do not respond to or are not 
appropriate candidates for treatment with weight loss 
or positional therapy or (b) mild-moderate OSA who 
prefer oral appliances to CPAP, are not appropriate can- 
didates for CPAP, or do not respond to CPAP or other 
conservative measures. Additional data suggest that oral 
appliances can play a beneficial role in selected patients 
with severe OSA who fail or do not tolerate CPAP. A 
recent prospective study of patients with severe OSA and 
CPAP refusal showed significant improvement in objec- 
tive sleep study measures as well as HTN with oral appli- 
ance as sole therapy (79). Further, in some patients with 
moderate-severe OSA, although data are limited, oral 
appliances can be combined with positive pressure or 
surgical therapy. 


Desensitization techniques 
Education for both patient and spouse 
Patient support group 


Types 


Mandibular Repositioning Appliance 

Also known as a MAD, it is by far the most commonly 
used type of oral appliance used today for sleep-disordered 
breathing. The MRA or MAD comes in two basic forms: 
a nontitratable type and a titratable type. The Thornton 
Adjustable Positioner (TAP) is a commonly used example 
of a titratable device. The TAP is composed of both a maxil- 
lary and a mandibular arch with a base and hook assembly 
and an internal adjustment mechanism (Fig. 136.7A). 


Tongue Retaining Device 

The tongue retaining device (TRD) holds the tongue for- 
ward in a suction bulb mechanism. Today, TRD’s are used 
far less often than MRA’s but may be a viable option in 
edentulous patients (Fig. 136.7B). 


Thermoplastic Splints 

Boil-and-bite appliances consist of one-piece prefabricated 
thermoplastic splints. They are significantly less expensive 
than custom-made devices and often can be ordered online 
and fitted directly by the patient. These cost-savings, however, 
must be cautiously weighed against the documented inferior 
efficacy, increased side effects, and lack of proper follow-up 
and dental monitoring compared to a custom-made MAD 
employed by a trained expert. A randomized, controlled, 
crossover trial concluded that a custom-made MAD results 
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in improved mandibular advancement, increased efficacy, 
and less side effects and noncompliance compared to boil- 
and-bite thermoplastic appliances (80) (Fig. 136.7C). 


Effectiveness 


In general, the mechanism of action of oral appliances, 
as with most successful treatments for OSA, involves 
enlarging the upper airway and/or reducing upper airway 


Types of oral appliances: Examples of oral 
appliances available for the treatment of OSA. A: The TAP 
device is an effective, commonly used, titratable MRA. B: 
MRA in place. C: The TRD is a less common appliance that 
uses a suction bulb to keep the tongue protruded during 
sleep. D: TRD in place. E: Thermoplastic, or boil-and-bite, 
appliances are widely available, nontitratable devices that 
reposition the mandible. Thermoplastic appliances are less 
expensive but are often associated with less effectiveness 
and more side effects when compared to a custom-made 
MRA. (Images courtesy of Robert Rogers, DMD, D.ABDSM, 
Pittsburgh Dental Sleep Medicine.) 


collapsibility (i.e, making the critical closing pressure 
more negative). Specifically, MRAs protrude and stabi- 
lize the mandible during sleep. MRAs have been shown 
to improve airway size at the level of both the palate and 
tongue base, including enlargement of the lateral dimen- 
sion (Fig. 136.8) (81,82). Oral appliances may be used as 
sole therapy in some patients or in conjunction with other 
forms of OSA therapy including surgery, weight loss, and 
positive pressure. 
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Figure 136.8 Effect of oral appliances on the airway: Lateral cephalometric radiograph in a patient 
with OSA, before (A) and after (B) application of a MAD. Note the enlargement of the pharyn- 
geal airway with the oral appliance at both the retrolingual and retropalatal portions of the airway. 
(Images courtesy of Robert Rogers, DMD, D.ABDSM, Pittsburgh Dental Sleep Medicine.) 


In the 2006 AASM-directed review of the literature on 
oral appliances, the overall effectiveness for controlling 
OSA based on polysomnographic criteria (defined as AHI 
less than 10) was 52%. This figure must be interpreted 
with caution, as the data reviewed as a whole represent 
a very heterogeneous group of patients, types of devices, 
titration protocols, treatment outcomes, and clinician 
expertise. When only the randomized, crossover, placebo- 
controlled studies were analyzed (five studies), the com- 
bined rate of “success” (treatment AHI less than 10) and 
“response” (AHI reduction of 50%) was 64% (83-88). 
Studies also report subjective improvement in snoring 
and daytime sleepiness, as well as nocturnal oxygenation, 
arousal index, and objective measures of sleepiness (i.e., 
MSLT). It must be kept in mind that these data are het- 
erogeneous and conflicting and require further evalua- 
tion. Finally, there are three studies evaluating the effect 
of oral appliance therapy on HTN, and they each report 
a Statistically significant reduction in blood pressure mea- 
surements (87,89,90). 

Greater success rates may be achieved with proper 
patient selection and phenotyping of the individual patient 
anatomy and pathophysiology. At this juncture, the patient 
characteristics associated with more successful oral appli- 
ance therapy have not been readily established. For exam- 
ple, there is substantial evidence that a greater likelihood of 
success was achieved in patients with positional OSA (OSA 
primarily occurring in the supine position), although not 
all studies support this finding (91-93). Other studies sug- 
gest lower rates of effectiveness with increasing BMI and 
increasing severity of the AHI. Currently, custom-made oral 
appliances are reimbursed by Medicare as first-line therapy 
for mild OSA (AHI 5 to 14) with symptoms and moderate 
OSA (AHI 15 to 29) regardless of symptoms, as well as for 
severe OSA (AHI = 30) if intolerant to PAP. 


Drug-induced sleep endoscopy (DISE) represents one 
tool with promising potential to improve patient out- 
comes with oral appliance. Three recent reports used DISE 
to determine the likelihood of success with oral appli- 
ance therapy (94-96). The authors concluded that sleep 
endoscopy, with concomitant mandibular advancement 
to mimic treatment effect, could be a valuable prognostic 
indicator for successful management of both snoring and 
OSA. To ensure satisfactory benefit from oral appliance 
therapy, all patients with clinically significant sleep-disor- 
dered breathing should return for follow-up visits with a 
qualified sleep specialist to evaluate for symptom improve- 
ment. They should also undergo a follow-up sleep study 
evaluation with the oral appliance in place to assess ade- 
quate management of objective measures such as AHI and 
oxygen saturations (78). 


Adherence 


As with any device-related treatment for sleep-disordered 
breathing, successful management is critically dependent 
on usage. Assessment of adherence in the literature is 
complicated by heterogeneity of the types of devices and 
titration protocols used, patient characteristics and disease 
severity, and the level of clinical care and provider expertise. 
Further complicating matters is that the amount of usage 
required for improvement in subjective and objective out- 
come measures is unknown and likely varies between indi- 
viduals. Finally, although oral appliance adherence data 
have relied primarily on patient self-reporting in the past, 
clinical trials are underway utilizing objective monitors to 
quantify use. 

One-year subjective adherence rates range from 25% to 
100%, with a median use of 77% of nights during the first 
year. Adherence rates tend to decrease with duration of use 
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past 1 year (97,98). Hoffstein combined adherence reports 
from 21 studies evaluating over 3,000 patients and found 
an overall average adherence of 56% to 68% at an average 
of 33 months follow-up (83). In crossover studies compar- 
ing CPAP and oral appliances, adherence rates were similar 
between the two devices (99,100). 


Side Effects and Complications 


A substantial portion of nonadherent patients may discon- 
tinue oral appliance use as a result of any number of side 
effects or adverse events. Many of side effects are minor 
and do not significantly affect long-term use or morbidity. 
Other complications such as bite changes, malocclusion, 
and temporomandibular joint (TMJ) dysfunction may be 
permanent. This supports the notion that oral appliances 
should be fitted, titrated, and managed by a clinician with 
training and expertise in both dental care and sleep-related 
breathing disorders. 

Commonly reported minor side effects include TMJ 
pain, headache or facial pain, tooth pain, excessive sali- 
vation, dry mouth, gum irritation, and morning-after 
occlusal changes (83). There is a wide range of reported 
minor side effects from 6% to 86% although many of 
these side effects are reported to be transient and occur 
with initiation of treatment (77). Most authors report 
frequent improvement in these side effects with regular 
use and occasional adjustment of the device. More severe 
and persistent adverse sequelae include more signifi- 
cant TMJ dysfunction, tooth movement, and changes in 
occlusion and often lead to device discontinuation. The 
pathophysiology of and risk factors for these more severe 
complications are not yet fully understood but are likely 
multifactorial. 


OTHER FORMS OF MEDICAL THERAPY 


PAP therapy, oral appliances, and surgery are considered 
the mainstays of directed sleep apnea therapy for OSA, but 
a variety of other medical options may be appropriate in 
properly selected patients, either as a primary management 
strategy or as a useful adjunct to other primary modalities. 
Successful management of patients with OSA requires a 
comprehensive sleep history, general medical evaluation, 
and physical examination. A number of medical condi- 
tions, medications/drugs, and lifestyle practices can place 
persons at increased risk for OSA or worsen existing OSA. 
Conversely, modification of these factors can favorably 
affect risk and improve treatment outcomes. 


TREATMENT OF NASAL OBSTRUCTION 


A number of large population-based studies have ana- 
lyzed the association of nasal obstruction and subjec- 
tive sleep measures, snoring, and sleep apnea. In the 
Wisconsin cohort of almost 5,000 patients, patients 
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with chronic rhinitis symptoms were more likely to 
report habitual snoring, nonrestorative sleep, and day- 
time sleepiness (101). Patients with nasal congestion 
due to allergy were 1.8 times more likely to have mod- 
erate-severe OSA compared to allergy patients without 
nasal congestion. Other epidemiologic studies have con- 
firmed that, across large populations, nasal obstruction 
is an independent risk factor for both snoring and OSA 
(102-104). 

Much of the research into medical therapy for aller- 
gic rhinitis and sleep-disordered breathing has focused 
on the role of nasal steroids. In a group of allergic rhi- 
nitis patients with subjective nasal congestion and sleep 
disturbance, Craig et al. (105) demonstrated that topical 
nasal steroid therapy improved subjective sleep quality 
and daytime function. Pediatric patients with symptom- 
atic nasal obstruction and OSA have also been shown to 
respond favorably to nasal steroid therapy. Brouillette 
et al. (106) reported a reduction in the AHI from 10.7 to 
5.8 with fluticasone nasal spray in a selected group of 
pediatric patients. Nevertheless, long-term adherence to 
nasal steroids may be suboptimal and difficult to moni- 
tor, particularly in pediatric patients with parental con- 
cerns about side effects. 

Nakata et al. (107) recently demonstrated that nasal sur- 
gery, in the setting of nasal obstruction and sleep apnea, 
improves nasal resistance, sleep architecture, and daytime 
sleepiness. In these patients, the observed improvement in 
the mean Epworth Sleepiness Scale (ESS) from 10.6 to 4.5 
with nasal surgery is comparable to the improvement 
obtained with other forms of OSA therapy, including posi- 
tive pressure. Untreated nasal obstruction may explain, at 
least in part, the persistent hypersomnia seen in some OSA 
patients with adequate CPAP adherence and objective con- 
trol of the AHI. In a prospective longitudinal cohort study 
of patients with nasal obstruction and OSA, surgical treat- 
ment of nasal obstruction also significantly improved both 
disease-specific and general health (SF-36) quality of life 
measures (108). 

Finally, treatment of nasal obstruction in OSA patients 
can significantly improve adherence and effectiveness of 
both CPAP and oral appliance therapy. Mounting evi- 
dence suggests that increased nasal resistance negatively 
impacts success rates and tolerance of medical therapy 
devices for OSA, which critically depend on regular usage 
to be effective. In a recent study comparing oral appliance 
responders and nonresponders, increased nasal resistance, 
particularly in the supine position, was associated with 
poorer treatment outcomes (109). With logistic regres- 
sion analysis, Suguira et al. (73) concluded that increased 
nasal resistance was one of only two factors associated 
with nonacceptance of CPAP. Further, in patients with 
poor CPAP adherence and nasal obstruction, lowering 
nasal resistance with surgical therapy has been shown to 
lower average CPAP pressures and improve subsequent 
adherence (74). 
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WEIGHT LOSS 


The adverse effect of obesity on the pathophysiology of 
OSA may be mediated through a variety of mechanisms. 
Histopathologic analysis of the tongue has revealed that 
obesity is associated with increased lingual fat deposition 
and increased size and weight of the tongue (110). Imaging 
studies have confirmed the presence of increased parapha- 
ryngeal fat in OSA patients (111). Using three-dimensional 
volumetric analysis MRI techniques, Welch et al. (112) 
showed that weight loss was associated with a significant 
reduction in the size of the parapharyngeal fat pads and 
an increase in the volume of the upper airway. In a pig 
animal model, enlargement of the parapharyngeal fat pad 
has been demonstrated to increase upper airway resistance 
(113). Cervical obesity may also play a pathophysiologic 
role via mass loading of the anterior neck and subsequent 
transmission of pressure changes to the airway lumen. 
Increased neck circumference is a well-established clini- 
cal predictor of OSA and may correlate with this hypoth- 
esis. Furthermore, velopharyngeal collapsibility appears 
to increase directly with increasing neck circumference in 
OSA patients (114). Finally, to the extent that upper airway 
patency is increased by greater lung volume, greater truncal 
obesity may contribute to OSA through a thoracic mecha- 
nism of decreasing lung volume and hypoventilation. 

Numerous studies over the past three decades support 
the positive effect of weight loss on the treatment of OSA; 
however, the specific relationship between the two and the 
response rate may vary considerably from one patient to 
another. Peppard et al. (115) demonstrated that a 10% weight 
loss predicted a 26% reduction in the AHI (Fig. 136.9). 
In a randomized trial of weight loss in patients with mild 
OSA, those patients with more successful weight reduction 
achieved a more significant reduction in the AHI, compared 
to control subjects (116). Based on these results, the authors 
concluded that, in patients with mild OSA, weight loss and 
lifestyle intervention may be considered first-line therapy, 
rather than positive pressure. 

The Sleep AHEAD study is a recent multicenter random- 
ized controlled trial evaluating the effect of weight loss 
on sleep apnea outcomes in a population of obese type 
2 diabetes mellitus patients (117). Patients were random- 
ized either to a behavioral weight loss program (intensive 
lifestyle intervention) or to a control diabetes support pro- 
gram. The patients in the behavioral weight loss program 
lost significantly more weight and in turn had significant 
reduction in AHI. 

Some patients with successful weight loss may not 
achieve noticeable improvement in subjective or objective 
measures of OSA severity, particularly because there is not 
a linear relationship between weight loss and AHI reduc- 
tion. These nonresponders may have other predisposing 
risk factors for persistent OSA including genetics, craniofa- 
cial or soft tissue anatomical abnormalities, neuromuscu- 
lar weakness, or other cardiopulmonary loss of ventilatory 
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Figure 136.9 Relationship between weight change and AHI: In 
the Wisconsin Sleep Cohort Study, weight change across a large 
population was associated with change in AHI. A 10% weight gain 
correlated with a 32% increase in the mean AHI as well as a six- 
fold increased risk of developing moderate-severe OSA. A 10% 
weight loss was associated with a 26% decrease in the mean AHI. 
(Reproduced from Peppard PE, Young T, Palta M, et al. Longitudinal 
study of moderate weight change and sleep-disordered breathing. 
JAMA 2000;284:3015-3021, with permission.) 


control. Nevertheless, a multimodality approach to weight 
reduction may optimize clinical results, taking into con- 
sideration dietary and lifestyle modifications, cognitive- 
behavioral therapy, as well as pharmacologic and surgical 
options (118). 

For patients with severe obesity, bariatric surgery may 
provide more substantial and more rapid control of obe- 
sity-related medical problems, including OSA (119). One 
study, with longer follow-up data on bariatric surgery 
patients with OSA, reported a 75% reduction in the respi- 
ratory disturbance index (120). 


POSITIONAL THERAPY 


For some patients, the frequency of obstructive respira- 
tory events is substantially greater in the supine position 
compared to the lateral or prone position. Increased prob- 
ability of upper airway narrowing in the supine position is 
hypothesized to occur via a gravity effect that results in ret- 
rodisplacement of the tongue, soft palate, and mandible. 
A comprehensive sleep history should include questioning 
of the patient and bed partner regarding the effect of body 
position on snoring and subjective measures. Likewise, 
polysomnography interpretation should comment on the 
presence or absence of any significant positional depen- 
dence to the patient’s AHI, oxygen saturations, and overall 
control of sleep-disordered breathing. 

For select patients with clinically significant OSA in 
the supine position and essentially no significant sleep- 
disordered breathing in the lateral recumbent position, a 
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number of conservative therapeutic options may obviate 
the need for positive pressure. The tennis ball or similar 
technique of placing objects in a sock that is subsequently 
pinned to the back of the patient’s nightshirt has been rec- 
ommend over the years. Newer, more user-friendly devices 
are now on the market to facilitate maintenance of the lat- 
eral sleeping position. One example, the Zzoma Positional 
Sleeper, consists of a Velcro elastic belt with a foam wedges 
across the lower back that prevent the patient from roll- 
ing over to the supine position. In a randomized crossover 
study of patients with strictly positional OSA, this device 
was shown to be as effective as CPAP at controlling the 
AHI and oxygen saturations (121). Finally, MADs may be 
an appropriate first-line treatment option in patients with 
positional OSA. Recent evidence suggests that oral appli- 
ances provide more effective control of the AHI in posi- 
tional, compared to nonpositional, OSA patients (122). 

Head of bed elevation, or postural therapy, is another 
positional method of reducing upper airway collapsibility 
in OSA patients. Critical closing pressure has been shown 
to be more negative, signifying greater upper airway stabil- 
ity, with 30 degrees of head of bed elevation compared to 
the supine position (123). Head elevation of 30 degrees 
may also lower the CPAP pressure requirements neces- 
sary to maintain control of breathing. Nevertheless, the 
ability of postural therapy alone to adequately manage 
OSA remains limited and highly variable from patient to 
patient (124). 


OXYGEN THERAPY 


In addition to sleep fragmentation and chronic sleep depri- 
vation, many of the cardiopulmonary, metabolic, and neu- 
rocognitive sequelae of OSA are attributable to nocturnal 
intermittent hypoxemia. The current data suggest that sup- 
plemental oxygen during sleep is inadequate as a stand- 
alone treatment to effectively reduce apnea frequency and 
increase daytime alertness. There is a subgroup of patients, 
however, who have a relatively low AHI but experience 
unacceptable nocturnal oxygen desaturation. Studies sug- 
gest that desaturations of 4% were associated with fasting 
hyperglycemia and increased risk of cardiovascular disease 
(125,126). For these patients, particularly those with exist- 
ing coronary artery disease or cerebrovascular disease, sup- 
plemental oxygen during sleep may be beneficial and even 
the primary therapeutic goal (127). 

Oxygen therapy may also be combined with positive 
pressure therapy. Selected OSA patients with other con- 
founding conditions such as obesity hypoventilation, CHE 
or chronic obstructive pulmonary disease (COPD) may 
benefit from supplemental oxygen as an adjunct to other 
forms of directed therapy. OSA patients, who are hypox- 
emic during wakefulness and qualify for supplemental oxy- 
gen during the day, may meet the criteria for the addition 
of oxygen therapy at night, even if positive pressure therapy 
maintains upper airway patency. Finally, one recent small 
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study demonstrated that high-flow (20 L/min) humidified 
air administered through a nasal cannula may effectively 
reduce the AHI (28 + 5 to 10 + 3) (128). 


OROPHARYNGEAL EXERCISES 


Recent developments in understanding the pathophysiol- 
ogy of OSA report that central and peripheral neuromus- 
cular control mechanisms may have substantial impact 
on the disease process and evolution over time. It is well 
established that OSA patients have increased genioglossus 
muscle activity during wakefulness; however, this com- 
pensation is lost during sleep (129). More recent studies 
suggest that these findings are not simply a matter of com- 
pensation but rather signify neuromuscular denervation/ 
renervation injury (130). White compared the genioglos- 
sus muscle activity in response to negative pharyngeal pres- 
sure in two patients: one with OSA and the other a normal 
healthy control. He found that the OSA patient did not 
respond with increased muscle activity as the healthy con- 
trol did (131). 

These findings may serve as the basis for improve- 
ment in OSA with oropharyngeal exercises. Initial anec- 
dotal reports of reduced snoring and daytime sleepiness 
in students playing the didgeridoo instrument for several 
months lead to a randomized controlled trial. The authors 
concluded that regular didgeridoo playing resulted in sig- 
nificant improvement in subjective daytime sleepiness as 
well as the AHI (132). Guimaraes et al. (133) then derived 
a broad-based regimen of daily oropharyngeal exercises 
and employed them in a randomized sham-controlled 
trial of patients with moderate OSA. Compared to con- 
trols, patients undergoing oropharyngeal exercises had a 
significant improvement in AHI (22.4 to 13.7), snoring 
measures, daytime sleepiness, and subjective sleep qual- 
ity measures. Although these findings are preliminary and 
the specific types and duration of exercises have not been 
established, oropharyngeal exercises hold promise as an 
effective, benign, inexpensive, and maybe more physiologi- 
cally sound option for adjunctive or even sole therapy in 
some patients. 


BEHAVIORAL MODIFICATIONS 


Sleep deprivation is a well-established cause of daytime 
sleepiness, neurocognitive dysfunction, delayed reaction 
times, increased risk of motor vehicle accidents, as well as 
other cardiovascular, metabolic, immunologic, and gen- 
eral health-related negative sequelae. Additional evidence 
also suggests that sleep deprivation may predispose to or 
worsen existing OSA. The mechanism linking sleep depri- 
vation and abnormal ventilatory control is unclear but may 
involve depression of the arousal threshold and blunting 
of chemoreceptor-mediated control of ventilation. A recent 
animal model suggests that sleep fragmentation attenuates 
the hypercapnic ventilatory response (134). 
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Maladaptive behaviors that may negatively impact sleep 
quality and quantity include untimely or excessive caffeine, 
alcohol or nicotine consumption, insufficient sleep dura- 
tion, shift work, or a poor sleeping environment. A com- 
prehensive sleep history, including information on evening 
habits, sleep times, and overall sleep hygiene, is warranted 
in the evaluation of all OSA patients. Likewise, counseling 
of patients on proper sleep hygiene and emphasis on the 
importance of adequate sleep duration will likely improve 
patient satisfaction and overall treatment outcomes. 

Bed partners and family members are often the first 
to recognize the association between alcohol consump- 
tion and the impact on snoring and sleep disturbance. 
In patients with existing snoring or OSA, alcohol may 
increase both the frequency and duration of obstructive 
respiratory events. One study showed that a mean blood 
alcohol concentration of 0.07 g/dL in patients with mild 
OSA was associated with a modest increase in the AHI 
(135). Furthermore, compared to controls, OSA patients 
are more vulnerable to the detrimental effects of alcohol 
consumption on reaction times and simulated driving per- 
formance (136). 

Smoking also has a known negative impact on sleep 
and potentially on sleep-disordered breathing as well. The 
stimulant mechanism of nicotine may explain in part why 
cigarette uses have more difficulty initiating and main- 
taining sleep (137). Smokers also have four to five times 
increased risk of having at least moderate sleep-disordered 
breathing (138). The association between OSA and smok- 
ing may be related to multiple factors including increased 
upper airway mucosal edema, increased laryngopharyn- 
geal reflux, and a higher rate of cardiopulmonary disease 
in smokers. Although the exact effect of smoking cessation 
on the management of OSA is still unknown and contro- 
versial, cigarette smoking should always be discouraged for 
both general health as well as sleep-related reasons. 


TREATMENT OF ASSOCIATED 
CONDITIONS 


Many general medical and psychiatric conditions, as well 
as the medications used in their management, can directly 
impact sleep and also can complicate OSA management. 
Further, there are at least 70 other definable sleep medi- 
cine disorders that can coexist with OSA. Successful man- 
agement of OSA patients and their sleep-related symptoms 
requires the ability to identify, and treat, these coexisting 
sleep and medical disorders. 

Approximately one-third of patients with OSA may 
have another sleep disorder, such as restless legs syndrome 
or insomnia (139). Additional sleep pathology may be 
contributing to hypersomnia and other symptoms at least 
as much as the sleep-related breathing disorder. Therefore, 
persistent symptoms after apparent successful medical 
or surgical therapy for OSA may signify an unrecognized 
coexisting sleep disorder. Clinically significant insomnia 


is a common comorbid condition in OSA patients, and 
patients with both conditions may have more severe OSA 
as well as a higher rate of anxiety, stress, and depression 
(140). Furthermore, in a recent prospective crossover 
study of patients with both insomnia and mild OSA, 
Guilleminault et al. (141) found that treatment of the 
underlying OSA was more effective in improving insomnia 
than traditional cognitive-behavioral therapy for insom- 
nia. The findings above underscore the need for a compre- 
hensive sleep medicine history in every OSA patient. 

Patients with CHE for example, have a significantly 
higher risk of both obstructive and central apneas, includ- 
ing Cheyne-Stokes or periodic breathing. Increased venous 
congestion of the upper airway, high loop gain or increased 
central and peripheral chemoreceptor sensitivity, and 
decreased functional residual capacity may contribute 
to the increased sleep-disordered breathing seen in heart 
failure patients. Further, the symptoms from CHEF itself, 
as well as commonly associated HTN, coronary artery dis- 
ease, pleural effusion, pulmonary vascular congestion, and 
atrial fibrillation, can also negatively impact sleep and day- 
time function. As such, treatment of the patient with OSA 
and CHF often requires multimodality therapy including 
aggressive management of underlying heart failure, posi- 
tive pressure therapy (CPAP, BIPAP, or adaptive pressure 
support servoventilation), cardiac pacing, supplemental 
oxygen, and behavioral/lifestyle modifications including 
diet and weight control. 

COPD, asthma, interstitial lung disease, kyphoscoliosis, 
neuromuscular disease, and other impairments of pulmo- 
nary function are often associated with OSA and sleep distur- 
bance. The coexistence of COPD and OSA has been termed 
“overlap syndrome.” Hypoxemia and quality of life may be 
worse in patients with overlap syndrome. Careful attention 
to both OSA and the underlying pulmonary disease is essen- 
tial to successful improvement of symptoms and quality of 
life as well as reduction of long-term morbidity. 


= PAP therapy and oral appliances provide the founda- 
tion for the medical management of OSA; however, 
other treatment options can play an important role 
as well and include weight loss, smoking cessation, 
behavioral modifications, positional therapy, treat- 
ment of nasal obstruction, and management of coex- 
isting sleep disorders and/or medical conditions. 

m Successful management of patients with OSA 
requires a comprehensive sleep history and exami- 
nation, proper diagnostic evaluation, and an indi- 
vidualized approach that takes into account each 
patient’s unique presentation and considers all 
available and applicable treatment options. 
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m= With proper titration and acceptable adherence, pos- 
itive pressure therapy has been shown to improve 
both subjective and objective sleep measures, 
improve daytime function and quality of life mea- 
sures, reduce risk of motor vehicle accidents, and 
reduce the cardiovascular risks associated with OSA. 

m Acceptance and adherence remain the greatest chal- 
lenges to effective management with medical device 
therapy, and data card monitoring technology cur- 
rently provides the best objective assessment of 
usage. The optimal usage that is required to achieve 
both sleep and health benefits is unknown and vari- 
able depending on the patient and the outcome 
being measured. 

m A variety of side effects related to the mask/equip- 
ment, airflow/pressure, or psychological reasons 
may negatively impact sleep and preclude successful 
use of positive pressure. Proper patient education, 
problem identification, and early intervention can 
overcome many of these hurdles. 

m= Oral appliances can provide an effective form of 
medical therapy, particularly for those patients who 
are nonaccepting or intolerant of positive pressure. 
The most commonly used and most effective appli- 
ance is a custom-made titratable MAD. 

= Across a population, oral appliance therapy may not 
provide as effective AHI reduction compared to pos- 
itive pressure; however, long-term adherence may be 
higher resulting in comparable efficacy. Most side 
effects of oral appliance use are minor and transient; 
however, more severe and persistent adverse effects 
can occur and often preclude long-term use. 

= Nasal obstruction is an independent risk factor for 
snoring, disrupted sleep, daytime sleepiness, and 
OSA, and it can negatively impact successful man- 
agement of OSA with positive pressure and oral 
appliance therapy. Medical and/or surgical therapy 
to lower nasal resistance in patients with OSA and 
nasal obstruction can improve subjective and objec- 
tive sleep measures as well as compliance and results 
with positive pressure and oral appliances. 
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Nasal and Palatal Surgery 
for OSA 


Peter D. O'Connor 


An inherent problem in obstructive sleep apnea (OSA) 
for any given individual is that the airway is structurally 
vulnerable to collapse. Multiple physiologic and anatomic 
factors contribute to maintain airway patency. The complex 
interaction between respiratory control, arousal thresh- 
olds, neuromuscular tone, and transmural pressure in the 
pharynx determine the patency of the airway through the 
respiratory cycle. Simply put, the upper airway including 
the pharynx and to a lesser degree the nasal cavity can be 
thought of as a collapsible tube. The flow of air through the 
upper airway is influenced by the difference in upstream, 
downstream, and intraluminal forces. Stabilization of 
airflow in an airway compromised by OSA often requires 
multimodality treatment. 

Surgical treatments for sleep-disordered breathing 
(SDB) will vary depending on the structures involved and 
the morbidity of the intervention, severity of disease, obe- 
sity, and cost of care for many patients. The role of surgical 
intervention has classically been viewed as an attempt to 
influence the structures involved with airway collapse. An 
alternative and perhaps more accurate way of looking at 
the role of surgery is that of a reconstructive approach. The 
goal of airway reconstruction is to improve the patency of 
the tube and the flow of air. Ultimately, we want to reduce 
the severity of disease and sequelae. Surgical intervention 
is one modality that should be considered in patients pre- 
senting with SDB. 

Surgical treatment often requires a combination of 
procedures. It is not a single unique surgery. In adults, a 
single anatomic structure is not usually the sole cause of 
obstruction, and multiple sites or levels of the airway often 
require treatment for optimal results. Although tracheot- 
omy as a single procedure should be considered in certain 
clinical presentations of OSA, it is not practical in most 
cases. A vast array of surgical treatments are described and 
variable reported responses to them exist. This is in part 
due to the distinct character of each airway based on the 
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craniofacial anatomy, neuromuscular tone, influence from 
other soft tissues, and physiologic elements. Understanding 
the pathophysiology of OSA along with the airway pheno- 
type will aid in the selection and surgical application of 
procedures. Impacting only one of these factors surgically 
may be inadequate to achieve the desired end state. Ideally, 
the surgical approach is tailored to a patient rather than 
the application of a one method suits all approach. 

The pathogenesis of SDB and luminal compromise is 
rarely confined to a single anatomic location. Obstruction 
and narrowing of both the upper pharyngeal (retropalatal) 
and lower pharyngeal (retroglossal) airways occurs in 70% 
to 80% of patients (1). Ethnic and gender variation may 
exist and not all sites contribute equally (2-4). Obstruction 
occurs in the pharynx for most events but obstruction of 
laryngeal tissues as a primary site is uncommon (4,5). The 
cause of obstruction is complex, and abnormalities of pal- 
atal and pharyngeal muscles, mucosa, lymphoid tissues, 
vascular structures, and other influential elements such as 
airway mechanoreceptors have been reported. Abnormal 
nasal resistance is an important but indirect cause of apnea 
in adults. Ultimately, the common finding is an upper 
airway that is structurally vulnerable to collapse. Multiple 
surgeries and variations of them have been described with 
a desired effect of improving the flow of air during sleep. 

Snoring has traditionally been regarded as a social nui- 
sance rather than a source of morbidity. It is one of the 
most important presenting signs in patients suspected of 
having OSA. When patients present with a complaint of 
snoring, OSA needs to be ruled out rather than assuming 
a diagnosis of primary snoring. Data from the Wisconsin 
Sleep Cohort Study showed that 31% of middle-aged 
females and 53% of middle-aged males had habitual 
snoring and an even more had nonhabitual snoring (6). 
Treatment of snoring to this point has emphasized the 
importance on bed partner quality of sleep. However, new 
evidence is emerging that suggests there is an association 
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between snoring and increased mortality (7). Whether 
snoring is a discrete condition or there is a synergistic effect 
on SDB needs to be explored further. 

Since surgery for sleep apnea is not a single interven- 
tion for many patients, algorithms describing planned 
interventions have been described. The most commonly 
quoted is the Stanford protocol that defines surgical pro- 
cedures as being phase 1 or phase 2 procedures. Phase 
1 procedures included segmental pharyngeal interven- 
tions such as uvulopalatopharyngoplasty (UPPP), genio- 
glossal advancement, and hyoid suspension. Phase 
2 procedures were maxillomandibular advancement or 
similar interventions (8). Others have described phased 
procedures using radiofrequency, lingual tonsillectomy, 
and glossectomy procedures as part of the phased proto- 
col. To date, few studies have compared outcomes using 
different protocols. In addition to assessing how surgery 
may modify different structural elements of the airway, it 
is also important to define what the ultimate goal of surgi- 
cal treatment for sleep apnea is going to be. Three general 
classifications for intervening may include complement- 
ing medical management (continuous positive airway 
pressure [CPAP] use, weight loss), salvage therapy in 
patients where medical management has failed, or when 
surgical cure is likely for select individuals. The treatment 
algorithm for patients may include a reassessment of prior 
failed therapies. It must also be recognized that OSA is 
a chronic disease and remittance is common. For a sig- 
nificant number of patients, CPAP tolerance following 
surgeries may be improved. Both retrospective and pro- 
spective studies suggest that nasal surgery may improve 
CPAP adherence and may lower CPAP pressures. Case 
series suggests that in some patients pharyngeal surgery 
may also improve CPAP use in selected patients. In the 
authors’ anecdotal experience, a subset of patients with 
marked lymphoid hyperplasia or other isolated soft tis- 
sue abnormalities may benefit from surgery that has the 
goal of improving CPAP use. Concerns exist, however, that 
aggressive UPPP may worsen CPAP use in some patients 
by creating or worsening “mouth leak.” Mouth leak occurs 
from over shortening of the palate, which then cannot seal 
against the tongue when positive pressures applied. The 
clinical significance of this is uncertain for most patients. 

A successful outcome following surgery depends on at 
least three additional key elements. First, the preoperative 
clinical evaluation accurately defines the structures influ- 
encing the flow of air. A complementary or alternative way 
is describing the airway phenotype. Second, it is important 
to select the appropriate one or combination of procedures 
followed by skillful application of the procedure. The third 
element involves an understanding of what the potential 
effect of a procedure will be, the desired goal, and how the 
effect may change over time for a chronically, often progres- 
sive disease. An example of the latter class of patients is the 
nonobese pediatric patient with adenotonsillar hypertro- 
phy and no other craniofacial or neurologic abnormalities. 


In adults, positive airway pressure therapy is considered 
the gold standard although it does have its limitations. 
Certain patients are unable to tolerate positive airway pres- 
sure therapy. This is despite more sophisticated delivery 
methods available today. A variety of interfaces and other 
noninvasive pressure modalities may be beneficial for 
some patients. These include nasal masks including nasal 
pillows, masks which cover the nose and mouth, and full 
face masks. Varying positive pressure modalities also exist 
and include bilevel pressures (BiPAP), autotitrating units, 
devices with relaxation modes during exhalation, and 
newer devices with adaptive ventilation based on a contin- 
uous monitoring of flow through the device and interface. 

Defining the criteria for successful outcome is also 
important. In the literature, this has traditionally focused on 
an improvement in respiratory parameters (apnea—hypop- 
nea index [AHI], and lowest oxygen saturation [LSAT]). A 
threshold of treatment that defines a successful response 
does not exist based on current data. In addition to objec- 
tive data, the subjective response should not be overlooked 
(9,10). Subjective improvement in sleep with reduction 
in nasal airway obstruction (NAO), reduction in snoring, 
and improved quality of life should also be elements of the 
treatment discussion with the patient. The remainder of the 
chapter focuses on nasal and palate surgery. The treatment 
goals and physical evaluation of a patient with sleep apnea 
and snoring is critical and should set the foundation for 
the preoperative decision making, what procedures to con- 
sider, and the postoperative management. 


NASAL SURGERY 


NAO is a recognized contributor to SDB. Patients with 
NAO report a worse quality of life, increased fatigue, and 
decreased quantity and quality of sleep. Some studies have 
shown a link between NAO and OSA (11). Population- 
based studies have identified chronic nocturnal nasal 
obstruction as being significantly more likely in individu- 
als with SDB (12) and habitual snorers without OSA (13). 

Treatments will vary depending on the pathologic find- 
ings and symptoms. Historically, the primary symptom 
warranting treatment was subjective nasal obstruction. 
The finding of such strong associations with SDB, or qual- 
ity sleep, and OSA support that these are also symptoms 
related to nasal obstruction. Improvement in sleep qual- 
ity is a major component of validated nasal treatment 
outcome questionnaires (nose scale). In large cohorts and 
randomized controlled trials, surgical therapy has been 
shown to significantly improve sleep architecture, subjec- 
tive sleep quality, and daytime sleepiness. Studies also sup- 
port that in most patients as an isolated treatment, nasal 
surgery does not affect the AHI. A patent nasal airway, how- 
ever, has been significantly associated with patient's favor- 
able response to treatment. A higher nasal resistance and 
nasal obstruction appears to decrease the use of both nasal 
CPAP and oral appliances, and negatively affect surgical 


outcomes. Use of objective data on nasal airflow is not yet 
common in the clinical setting. Treatments may include 
correction of a septal deviation, reduction in turbinate size, 
correcting nasal valve collapse, or removal of nasal polyps. 

There are differences in the literature regarding day- 
time symptoms of NAO, measures of nasal resistance, and 
objective polysomnogram data. This is in part because 
nasal airflow is a complex phenomenon, and how patients 
perceive airflow can be quite variable at different times and 
from one another. The physiologic nasal cycle, controlled 
by the hypothalamus, alters nasal mucosa every few hours. 
Air entering the nasal passageway is affected by shape of 
turbinates, mucosal properties, and nasal cilia. The nasal 
mucosa, especially overlying the turbinates, has an exten- 
sive vascular bed. Expansion of the network of vessels can 
lead to obstruction from acute or chronic inflammation 
and significantly impact the level of nasal resistance. 

An important distinction to consider is how nasal resis- 
tance during wakefulness compares to the resistance of the 
nose while lying supine during sleep. There is evidence 
that nasal resistance changes throughout the course of 
the night. Increases in nasal resistance are greater in OSA 
compared to non-OSA populations. Whether this is due to 
differences in physiology (such as vascular compliance) or 
anatomy of the upper airway are unknown. 

Predicting how nasal obstruction will impact CPAP use 
is also difficult. A common complaint of patients is that 
they cannot tolerate their mask and may remove it during 
the night. Why this occurs despite a proper level of therapy 
is unclear. Many patients report NAO and some authors 
have reported an increase in nasal symptoms in certain 
patients after starting CPAP therapy (14). 

Despite the lack of a clear understanding about the role 
NAO plays in SDB, it can be an important component of 
the overall treatment algorithm for patients. However, nasal 
surgery alone is not accepted as a primary treatment alone 
for OSA in part because a linear relationship between day- 
time symptoms and severity of SDB does not exist. Clinical 
examination for the presence of nasal obstruction remains 
important to rule out compromised airflow through the 
nasal cavity and nasopharynx. 


Evaluation 


Physicians currently utilize subjective surveys, visual exam- 
ination with endoscopy, and computed tomography scans 
to help in diagnosing patients with NAO. Objective testing 
of the nasal airway has most commonly been done using 
acoustic rhinometry and rhinomanometry. Acoustic rhi- 
nometry, although still primarily used as a research tool, 
provides a volumetric measure of the nasal cavity (15,16). 
The anatomic measurement is taken during a breathhold 
and does not provide direct data on the flow of air through 
the nose. Rhinomanometry measures nasal obstruction 
and changes in resistance by assessing pressure and nasal 
airflow together during normal breathing (15). 
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Other methods have been utilized but to a lesser degree. 
These include nasal spirometry, laser Doppler velocimetry, 
and forced oscillation rhinomanometry to better describe 
nasal airflow, resistance, and potential sources of obstruc- 
tion (17-23). These tests have varied acceptance and 
are not always practical in the clinical setting, and stud- 
ies reveal differing conclusions (21,24). More recently, 
some investigators have begun using computational fluid 
dynamics to model nasal airflow (25-28). 


Nasal Breathing and Impact on Sleep 


NAO likely contributes to upper airway resistance through 
both indirect and direct mechanisms. Humans should 
breathe through their nose when sleeping. Nasal airflow 
is an important factor for maintaining neural tone and the 
patency of the airway. Nasal obstruction is ultimately a 
subjective sensation processed in the brain from numerous 
neurophysiologic receptors. 

Use of a topical anesthetic to decrease afferent stimuli 
from the nasal airway has been shown to increase pharyn- 
geal resistance resulting in an increased number of respira- 
tory events over the course of a night (29). Decreased nasal 
airway flow should similarly result in a reduction of nasal 
afferent reflexes and subsequent decrease in muscular tone. 
Optimizing nasal airflow to maximize this feedback is 
important. 

Nasal obstruction may also lead to mouth opening. 
Oral cavity opening leads to posterior rotation of the 
tongue base and displacement of the hyoid bone (30). 
Vertical opening with inferior displacement of the hyoid 
and a decrease in the hyomandibular distance results. 
These movements place the musculature of the tongue 
and pharyngeal tissues into a mechanically disadvantaged 
position and lead to increased upper airway collapsibility 
and increased hypopharyngeal obstruction. Despite mouth 
opening, the soft palate and tongue may remain in close 
apposition even if nasal breathing continues. 

Additional evidence of the importance of having and 
maintaining nasal airflow during sleep comes via the con- 
cept of a Starling resistor. The upper airway is a collapsible 
tube. The larynx in humans, unlike other mammals, has a 
more caudal position creating a greater distance with the 
soft tissues of the pharynx in between. The soft tissues of 
the pharynx are not directly surrounded by osseous struc- 
ture and are capable of collapse. The flow of air through 
the pharynx is influenced by upstream, downstream, and 
luminal forces. Tissues at multiple levels can contribute to 
collapse with the nasal cavity and nasopharynx providing 
upstream resistance. The flow of air and maximum velocity, 
through the collapsible segment, is inversely proportional 
to the upstream resistance. Areas downstream are suscep- 
tible to collapse including the retropalatal and hypopha- 
ryngeal segments. Optimization of airflow through the 
pharynx is impacted by reducing resistance upstream in the 
nasal cavity and can be extended to the nasopharynx. 
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Section VIII: Sleep Medicine 


L533) SNORING PATIENTS DIAGNOSED 
svi) WITH OSA BY POLYSOMNOGRAM 


Study N Prevalence (%) 
Viner et al. (69) 410 46 
Hoffstein and Szalai (70) 594 46 
Deegan and McNicholas (71) 250 54 
Vaidya et al. (72) 309 73 
Tami et al. (73) 94 72 
Rowley et al. (74) 370 67 


Weighted average = 0.597 (95% Cl = 0.497-0.696). 


For patients who do present with a complaint of snoring, 
symptoms of OSA, or disease proven by polysomnogram, 
it is important to explore the presence of NAO. Patients 
may present with a variety of findings (Table 137.1) (sep- 
tal deviation, polyposis, nasal valve collapse, concha bul- 
losa, adenoid hypertrophy, turbinate hypertrophy, choanal 
atresia, neoplasm, case reports of skull base, and neo- 
plastic lesions). Chronic rhinosinusitis, allergic rhinitis, 
turbinate hypertrophy, polyps, and nasal septal deviation 
may to some degree all cause NAO (17,18,25,31). Surgical 
correction of an obstructing lesion is justified if there are 
corresponding daytime or functional symptoms or other 
concerns. The effect on breathing at night or the use of 
CPAP is less clear. 

The nasal passage functions as a resistor to airflow with 
both dynamic and static components. The static tissues 
include the septum and the structural foundation of the 
nasal cavity and nasopharynx is the maxilla. The dynamic 
elements of the nasal airway include the internal and exter- 
nal nasal valves as well as the nasal mucosa. The internal 
nasal valve is the narrowest cross-sectional area of the upper 
airway. It can therefore have a significant impact on airflow 
and accounts for nearly two-thirds of the total upper air- 
way resistance. The anatomic components which define the 
internal valve include the nasal septum medially, the upper 
lateral cartilage positioned superolateral, the anterior tip of 
the inferior turbinate, and the pyriform aperture inferiorly. 
Numerous procedures are available for improving the nasal 
valve function and include both grafting and suspension 
techniques. Recognizing the influence of the bony structures 
is also important because they provide the foundation for the 
nasal airway. To a lesser degree, the bony foundation may be 
modified in some patients with improvements in nasal air- 
flow having been shown after maxillary expansion (32,33). 

Investigators have attempted to produce nasal obstruc- 
tion to determine its impact on respiratory parameters dur- 
ing sleep. Sleep disturbance has been shown in the setting 
of acute nasal obstruction. Following artificial simulation 
of NAO with catheters and balloons, an increased number 
of respiratory events including apneas can be seen (34,35). 
Some of the events include a significant increase in the 
number of oxygen desaturations. More recently, Friedman 


et al. (36) have shown that in patients with mild OSA 
(RDI < 15), nasal packing increased their RDI, duration of 
snoring, and oxygen desaturation index in the immediate 
postoperative period. 

Nasal obstruction is also associated with poor quality 
sleep independent of respiratory parameters. Anecdotally, 
patients with symptomatic seasonal allergies or increased 
nasal congestion from an upper respiratory infection 
may present with increased complaints of snoring and 
CPAP intolerance during the exacerbations. Correction of 
chronic NAO has been shown to have a significant impact 
on improving quality of life and daytime somnolence 
measures (37,38). These findings were independent of any 
changes in AHI during overnight polysomnograms. This 
supports the notion that using a measure like AHI alone to 
assess the impact of nasal surgery is potentially incorrect. 


Nasal Surgery 


When considering nasal surgery on patients with OSA or 
snoring, the general categories include septoplasty, valvu- 
loplasty, and turbinoplasty. Preoperatively, it is beneficial 
to contrast and compare a patient’s perception of their 
breathing and how it correlates to physical exam findings. 
Knowledge about what CPAP interfaces have been tried 
and successful may also be beneficial. A patient with weak 
lower lateral cartilage and significant internal or external 
nasal valve collapse may do well with a nasal pillow mask 
if the interface stabilizes this area. Poorly fitting nasal 
masks can also be problematic if they cause impingement 
of the nasal vestibule or alar side wall. Surgical correction 
of increased nasal resistance can be beneficial for patients. 

Most studies regarding the impact of nasal surgery on 
OSA have focused on septoplasty. Some authors have 
assessed this in combination with other procedures includ- 
ing turbinate reduction (37,39), UPPP (40), and sinus sur- 
geries. Extensive study and literature addressing the nasal 
valves can be found elsewhere in this text. Further research 
into the impact of nasal valve surgery on sleep and CPAP 
is needed. 

The ability to relieve SDB via surgery has been more dif- 
ficult to demonstrate because of the complex nature of SDB 
and multiple structures involved. Prospective studies have 
shown significant changes in subjective symptoms follow- 
ing nasal surgery despite no significant difference on sleep 
parameters, AHI, or oxygen desaturation (37,41,42). One 
study did show a significant difference in the degree of AHI 
and snoring after septoplasty with or without turbinoplasty 
(39). Another interesting finding has been that for some 
patients there may be an improved tolerance of CPAP or 
a decrease in overall pressure required to treat their OSA 
following nasal surgery (37,43). This potentially could 
improve CPAP tolerance in patients where higher CPAP 
pressures are the suspected etiology for poor compliance. 

The role of the nasal turbinates and the impact turbino- 
plasty has on OSA and snoring is another area that requires 


further evaluation. The ability of the nasal passage to func- 
tion as a resistor depends on the ability of the turbinates to 
react to stimuli and change vascular tone. 

In a large systematic review of the literature, Batra et al. 
(44) evaluated the efficacy of surgery for symptomatic 
adult inferior turbinate hypertrophy resulting in NAO. The 
majority of the studies were level 4 or 5 evidence. Of the 
96 studies which met inclusion criteria for their review, 
93 studies (96.9%) reported data showing a positive ben- 
efit from surgery with subjective symptom improvement in 
50% or greater patients. Three studies showed no change 
or negative benefit. The findings reported were regardless 
of surgical technique utilized. In 2001, Clement and White 
(45) published a report on trends in research on turbinate 
surgery over the past four decades. They indicated a greater 
emphasis on technology trends rather than patient ben- 
efits in the literature. Surgical techniques utilized included 
turbinectomy, laser surgery, thermal techniques with pre- 
dominantly radio frequency ablation and coblation, and 
turbinoplasty including microdebridement. Today the 
thermal techniques, including radiofrequency ablation 
and coblation, and the submucosal resection techniques 
with microdebridement seem to be the preferred proce- 
dures. General consensus of which is better requires more 
research and depends to some degree on what the surgi- 
cal goal is. Some authors have shown a greater long-term 
benefit with powered microdebridement versus coblation 
or radiofrequency turbinate reduction (46-48). How these 
surgeries impact sleep parameters is unclear. 

Objective data were reported in several studies follow- 
ing surgery of the inferior turbinates (44). Nasal resistance 
measured by rhinomanometry was improved in 83% of 
the studies (10 of 12) where it was performed and nasal 
airflow measured by acoustic rhinometry was improved 
in 100% (14 of 14). Unfortunately, we do not yet have a 
predictive mechanism to measure NAO with great specific- 
ity to determine who will tolerate and respond to CPAP or 
may benefit from inferior turbinate reduction. 

Over a dozen techniques have been described for reduc- 
tion of the inferior turbinates (49). There are some reports 
showing good correlation between preoperative topical 
decongestant and post-radiofrequency ablation of the tur- 
binates with a visual analog score for nasal obstruction. 
These results have not been tested with other techniques 
or the impact on sleep parameters or CPAP use. Although 
most surgical techniques demonstrate some benefit in 
nasal airflow postoperatively, the most reliable technique 
with both sustained subjective and objective benefits is 
unclear. Nasal surgery can also have a large placebo effect 
that influences subjective scores making more research crit- 
ical for this area (50). 

NAO and the presence of SDB often coexist. The data 
supporting an improvement in subjective symptoms, 
decreased CPAP pressure required after nasal surgery, and 
improved tolerance of CPAP do not consistently correlate 
to the severity of disease. A beneficial outcome from 
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surgery could be defined as improvement in both objective 
and subjective measures of nasal airflow. This would 
include improvements in sleep and a response to CPAP for 
patients with SDB. However, objective measurements do 
not always correlate with the patient’s symptoms of nasal 
obstruction. This suggests something other than AHI and 
nasal airflow conductance as a link between SDB and sub- 
jective symptoms. 


PALATE SURGERY 


Upper airway obstruction and OSA may occur at multi- 
ple sites. The upper pharynx in the retropalatal airway is 
frequently a primary site of obstruction during sleep (1). 
Obstruction occurs due to loss of muscle tone and com- 
pensatory reflexes during sleep. The airway associated 
with the soft palate is particularly vulnerable since this is 
the smallest and most compliant portion of the pharynx. 
Multiple surgical procedures have been developed and 
advocated to treat both sleep apnea and snoring. The use 
of these procedures is still evolving. As a primary first-line 
treatment, palatal surgery is controversial. Success rates 
vary and causes of surgical failure are poorly understood. 
Failure is often attributed to obstruction at nonpalatal air- 
way sites. Although this may contribute to failure in some 
patients, considerable data support that airway obstruction 
persists at the upper pharynx in the majority of patients 
(51,52). Increasingly, it is recognized that palatal surgery 
for sleep apnea and snoring is not a single procedure but 
a reconstructive approach that can be used as part of an 
integrated treatment plan for selected patients with OSA. 
The surgeon can be an important contributor to successful 
treatment. This requires an understanding of upper airway 
structure, physiology, and tools of airway reconstruction 
but also of upper respiratory and sleep pathophysiology 
and disease. In the authors’ experience, understanding the 
airway phenotype and anatomical structures involved at 
the palate is important and can aid in determining which 
palatal procedure may be most beneficial. It is also impor- 
tant to recognize that many patients who fail following tra- 
ditional UPPP (up to 84% in some studies) have residual 
retropalatal obstruction. This palatal obstruction may be in 
addition to hypopharyngeal collapse, further complicating 
decision making. 


Anatomy of the Upper Pharynx 


From a structural standpoint the upper pharynx and ret- 
ropalatal airway is a valve. It is the smallest and most 
compliant segment of the pharyngeal airway in most 
individuals regardless of the presence or absence of OSA 
or snoring. This structural vulnerability combined with a 
loss of muscle tone to the muscles that maintain patency 
results in collapse and a significant risk of obstruction. The 
retropalatal airway is an isthmus with multiple structures 
determining its final configuration. There is considerable 
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variability between individuals and anatomic structure of 
the upper pharyngeal airway or pharyngeal isthmus. To 
date there is no consensus as to how to describe this vari- 
ability. Multiple anatomic elements combine to define the 
pharynx. Structures such as tonsil and adenoid size are well 
accepted as impacting the size of the pharynx. Less well 
recognized are how other structures such as the pharyn- 
geal lateral walls, velum, levator palatine muscle, palatal 
aponeurosis, hard palate, and posterior pharyngeal wall 
anatomy impact the upper airway anatomy. 

A number of studies have tried to use anatomic struc- 
tures to predict outcomes of palatal surgery for OSA 
(53-56). Several approaches have been used. Methods var- 
ied based on what factors were considered to be contribut- 
ing to palatal surgical failure. Traditionally, failure has been 
attributed to lower pharyngeal airway obstruction, and 
anatomy was assessed to identify obstruction at nonpala- 
tal sites. Other studies have used pharyngeal characteristics 
such as tonsil size and a modified Mallampati classification 
(Friedman system) to predict outcomes (53,54). A third 
approach postulates that failure of palatal surgery is due to 
persistent obstruction at the palatal airway and attempts to 
better describe and define this portion of the airway. 


Diagnosis and Evaluation 


Effectiveness of UPPP varies. Its use is controversial. Because 
of such variability in techniques and outcomes, the effect of 
UPPP is still only partially understood. Failure likely occurs 
due to inadequate airway diagnostics, failure of technique, 
and failure of application. Although much of the literature 
in UPPP has focused on failure resulting from poor patient 
selection and obstruction at nonpalatal sites, more recent 
analysis and data suggest that much of UPPP failure is 
technical and failure often occurs at palatal sites following 
surgery. For this reason, newer more physiologic and recon- 
structive techniques have been advocated and developed. 
To date, however, these are not in widespread use. 

Diagnostic prediction of UPPP has been improved by 
the Freidman staging system (Fig. 137.1) (53,54). This stag- 
ing system has proven valuable in predicting which patients 
will have a greater likelihood of failure with UPPP alone. 
The Friedman staging system for the oral cavity and oro- 
pharyngeal portions of the upper airway defines four stages 
based on the following: (a) tonsil size (1 to 4+), (b) a mod- 
ification of the Mallampati classification (1 to 4+), (c) pres- 
ence or absence of severe obesity (> or <BMI of 40 kg/m/?), 
and (d) major craniofacial abnormalities. The Friedman 
staging system identifies patients at risk for apnea who pres- 
ent with symptoms of snoring. It also demonstrates both 
positive and negative UPPP predictive values. 

Friedman staging stratifies groups into favorable and 
unfavorable characteristics. Large tonsil size is a “favor- 
able” (tonsil grades 3 and 4, large tonsils) surgical char- 
acteristic. Small tonsils are “unfavorable” (tonsil grades 
1 and 2, small tonsils). The Mallampati classification is 


Friedman 
Palate Position Tonsil Size BMI 
Stage | 1 3,4 <40 
@ 2 3,4 <40 

— 

Stage Il 42 1,2 <40 
2) 3,4 3,4 <40 
Stage Ill 3 0, 1,2 <40 
4 O12 <40 
Stage IV 1,2,3,4 0, 1,2, 3,4 >40 


All patients with significant craniofacial or other anatomic deformities. 
BMI = Body Mass Index. 

Figure 137.1 Modified Friedman staging system. (Reprinted 

from Friedman M, Ibrahim H, Joseph NJ. Staging of obstructive 


sleep apnea/hypopnea syndrome: a guide to appropriate treat- 
ment. Laryngoscope 2004;114(3):454-459, with permission.) 


“favorable” (grades 1 and 2, visualizing the free margin 
of the soft palate) when the tongue size is small for the 
mouth and “unfavorable” (grades 3 and 4, free margin of 
palate not visible) when the tongue is large and fills the 
oral cavity. Severe obesity (BMI > 40 kg/m’) is unfavorable. 
Using the Friedman staging system, outcomes can be better 
stratified (Friedman stage 1 = 70% success, stage 2 = 40% 
success, and stage 3 = 10% success). 

Analysis of patients who failed traditional UPPP alone has 
been done. Localization of airway obstruction following tra- 
ditional UPPP has generated interesting results. In one cohort 
of patients who failed following traditional UPPP, airway 
manometry was utilized showing 73% of the patients were 
found to have obstruction at the palate compared to 27% 
in the hypopharynx (51). The cross-sectional airway in the 
palatal area has also been noted to be significantly improved 
in responders to traditional UPPP versus patients who fail 
(52). The patients who failed were noted to have a persistent 
palatal bulge into the pharyngeal lumen. Ideally, in the pre- 
operative setting, we could identify structures involved with 
airway compromise and tailor the reconstruction rather than 
applying a one method suits all ablative approach. 


Palatal Surgery 


Historically, palatopharyngoplasty was defined by UPPP as 
described by Fujita. Initial techniques described excision 
of tonsils, posterior soft palate, and uvula. Suture subse- 
quent closure of the tonsillar pillars was then performed. 
Subsequently, multiple modifications have been described. 
Although frequently successful for the treatment of snor- 
ing, outcomes of UPPP for sleep apnea based on polysom- 
nographic measures are variable. A 1995 review by Sher 
(57) identified that success rates differed by identified level 
of pharyngeal obstruction. In patients with obstruction iso- 
lated to the upper pharynx (Fujita type I), success rates of 


reducing AHI by more than 50% and to an AHI of less than 
20 events/h or an apnea index (AI) of less than 10 events/h 
was 52.3%. In contrast, those with lower airway obstruc- 
tion response using the same criteria were only 5.2%. Sher 
also observed that the retrospective studies reviewed had a 
baseline severity of disease (AHI and Al) significantly lower 
in the group with isolated upper pharyngeal obstruction. 
Using this data some authors have concluded that surgical 
outcomes are better for mild sleep apnea. Adequate data 
were not available to assess the effects of different surgical 
techniques or different methods of airway evaluation. 

A more recent review of UPPP assessed the AHI out- 
comes of 15 papers, which included individual data from 
each subject (papers with pooled data were excluded) and 
demonstrated an overall reduction of AHI of 33% (58). 
From these studies it was not possible to assess outcomes 
in women, elderly, or other patient subgroups. The review 
also excluded what were described as “novel variations” 
in pharyngeal surgery such as the extended uvulopalatal 
flap, lateral pharyngoplasty, expansion sphincteroplasty, 
Z-plasty pharyngoplasty, and palatal advancement. The 
review also highlighted that few surgical studies have ade- 
quately evaluated non-AHI outcomes such as sleepiness, 
cardiovascular outcomes, or mortality. 

Multiple techniques have been described for UPPP. The 
following procedures have been described to treat OSA by 
modifying the palate and retropalatal airway. The list is not 
comprehensive, and data supporting individual procedures 
vary in quality and magnitude. Few studies have attempted to 
objectively compare procedures on clinical outcomes, com- 
plications, or technical outcomes. Most have been reported 
as isolated surgical techniques or a small case series. Use of 
any given procedure has often been based on surgeon’s pref- 
erence. Techniques that have been most extensively evaluated 
include the extended uvulopalatal flap, lateral pharyngo- 
plasty, expansion sphincter pharyngoplasty (ESP), Z-plasty 
pharyngoplasty, and palatal advancement (59-64). 

A wide variety of complications have been described 
associated with palatopharyngoplasty for sleep apnea. The 
most serious risks are those associated with the surgery 
itself. Perioperative risk of OSA patients is increased due 
to commonly associated perioperative risk factors such as 
obesity, hypertension, difficult intubation, and hypersom- 
nolence (65,66). Risk of mortality is uncommon with a 
recent Veterans Administration population review demon- 
strating a risk of less than 0.5% of mortality or serious car- 
diovascular events (67). Other side effects are common but 
may also be dependent on technique. Side effects include 
minor changes and swallowing, sensation of throat dryness, 
increased phlegm, increased gag, and coughing with eating. 

Outcomes other than AHI are very important to consider 
when evaluating surgery for OSA and comparing with and 
against other treatments. Quality of life outcomes, mea- 
sures of daytime somnolence, and mortality are a few of 
the parameters recently reported with a beneficial outcome 
following surgery (9,10,65). 
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Uvulopalatopharyngoplasty 


UPPP is a procedure that modifies the upper pharynx and 
palate to reduce or eliminate obstruction during sleep and 
treat OSA. It is the most common of multiple palatoplasty 
and palatopharyngoplasty techniques used to treat OSA. 
Initially described by Fujita in 1981, it was the first specific 
procedure to treat OSA as an alternative to tracheotomy. 
UPPP was revolutionary not only as a less morbid surgi- 
cal intervention but directed attention to the upper airway 
where there was not yet any consensus of upper airway 
pathology contributing to disease. Since its inception, 
UPPP similar to other procedures has evolved and tech- 
nical variations have been described. In contrast to pro- 
cedures that only remove or ablate tissue, UPPP involves 
tissue modification and primary reconstruction. Although 
the initial description included excision of distal soft pal- 
ate, tonsils, uvula, and redundant mucosa, other recon- 
structive approaches are now described. These not only 
promise lower morbidity in many cases but preserve anat- 
omy and are more effective in randomized clinical trials. 

A small number of studies of UPPP and related proce- 
dures have been performed demonstrating it as effective in 
treating physiologic measures of sleep and respiration and 
quality of life (9). Additionally, population-based studies 
show that UPPP reduces risks of motor vehicle accidents 
and likely reduce cardiovascular risk, while large popula- 
tion studies support that it reduces mortality and adult 
OSA. Although severe complications with UPPP are infre- 
quent (67), side effects of surgery are common. Side effects 
include minor difficulties and swallowing, dry throat, sen- 
sation of foreign body, and increased sensation of phlegm. 

A common application of UPPP is the treatment of 
snoring. Various procedures including laser uvulopalato- 
plasty (LAUP), injection snoreplasty, placement of Pillar 
implants, and other stiffening procedures of the palate 
have been described. Outcomes of these procedures differ 
in short-term but not likely long-term studies. Procedures 
likely differ significantly in side effects. More invasive pro- 
cedures may have higher short-term effectiveness but do so 
at the price of increasing side effects. Fortunately, the trend 
of recent procedures is lower side effect rates. 


Adult Tonsillectomy 


Tonsillectomy and adenoidectomy are common procedures 
in children and adults who demonstrate enlarged tonsils with 
OSA. In pediatric patients, the effect of this treatment can be 
dramatic on AHI, quality of life, and cognitive abilities. The 
procedure, however, should not be considered “curative.” 
Most of the data to date is case series data in highly selected 
patients. Few studies have control groups. Data suggest out- 
comes vary by population treated, airway and facial struc- 
ture, obesity, and presence of other pathologies. In adults 
the outcome of simple tonsillectomy is likely limited. In a 
subset of patients, removing isolated palatine tonsils may be 
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definitive; however, identifying this population is difficult. 
Exposing an adult to the risk of two general anesthesia pro- 
cedures, in order to perform isolated tonsillectomy, must be 
weighed against the additional morbidity of palatopharyn- 
goplasty. Often the decision as to proceed is made intraop- 
eratively after tonsillectomy is performed. 


Evolution in Surgical Technique 


Recognizing some of the technical failures of traditional 
UPPP to address the palatal obstruction has led to various 
modifications in technique. Conceptually, more aggressive 


treatment of the distal soft palate may be appropriate for a 
few patients, but alternatively other patients need the sur- 
rounding structures modified. The transpalatal advancement 
and ESP are examples of two techniques which aim to address 
structures not directly addressed by the traditional UPPP. 
The transpalatal advancement pharyngoplasty (TPA) 
technique (68) was developed to address the retropala- 
tal obstruction by effecting the position of the soft palate 
(Fig. 137.2). It can be particularly useful to increase the ret- 
ropalatal space in a patient who has a very posterior based 
hard, soft palate junction. Phenotypically, this airway can 
be described as having a vertically oriented soft palate. 


Figure 137.2 Transpalatal advancement pharyngoplasty. A: Palatal incision is made medial to the 
greater palatine foramen and extended posterior and lateral to the hamulus. B: Soft tissue flaps 
are raised exposing the hard palate. C: The planned osteotomy window is outlined by dashes. 
D: Osteotomy has been completed with 1 to 2 mm of bone preserved posteriorly. The arrow high- 
lights the area for the tendolysis. E: Sutures are passed through the palatal drill holes and around 
the remaining distal hard palate and aponeurosis. F: The palatal incisions are closed. (Reprinted from 
Woodson BT. Transpalatal advancement pharyngoplasty. Oper Tech Otolaryngol Head Neck Surg 


2007;18(1):11-16, with permission.) 
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Figure 137.3 Sagittal view of a transpalatal advancement pharyngoplasty utilized to address 
a more vertically palate. A: The osteotomy site of the hard palate allows the soft palate to be 
advanced. B: Increased patency in the proximal nasopharynx after the soft palate is advanced 
creating an obliquely oriented palate. The uvula and distal soft palate may need to be addressed in 
some patients. (Reprinted from Woodson BT. Transpalatal advancement pharyngoplasty. Oper Tech 
Otolaryngol Head Neck Surg 2007;18(1):11-16, with permission.) 


Specifically, the nasopharyngeal opening is narrowed in 
the anterior—posterior dimension at the proximal soft pal- 
ate as well as distally. An obliquely oriented soft palate is 
one that has a wide proximal nasopharyngeal dimension 
and tapers or narrows at the distal soft palate (Fig. 137.3). 
During a TPA, movement of the soft palate anteriorly fol- 
lowing osteotomy and release of the tendon aponeurosis 
can be beneficial to address the proximal palate where 
one would otherwise have to aggressively resect soft tis- 
sue with traditional UPPP methods hoping to achieve a 
similar result. Improvement in outcomes with TPA ver- 
sus traditional UPPP has been shown in some patients 
(Table 137.2) (61). 

The ESP (60) technique is an example of a useful tech- 
nique to address the lateral wall, specifically the position of 
the palatopharyngeus muscles (Fig. 137.4). UPPP alone is 
more of a mucosal operation and does not directly affect 
the position of the pharyngeal muscles. Lateral pharyngeal 
wall collapse can play a significant role in the pathogenesis 
of OSA and should be recognized. The goal of ESP in air- 
way reconstruction is to increase tension of the lateral wall 
and reduce lateral collapse. The technique is a modification 
of an earlier procedure described by Cahali (62,63) which 


showed promised but resulted in significant dysphagia. The 
ESP technique repositions the palatopharyngeus muscles 
with reduced morbidity and has been shown versus UPPP 
to provide increased success rates (Table 137.3) (60). 
Additional modifications of technique to reposition the 
palatopharyngeus muscles and reduce lateral wall collapse 
are available but have not been widely utilized or studied. 

Conceptually, one of the major causes of failure of 
palate surgery is obstruction at other nonpalatal sites. 
Hypopharyngeal airway narrowing has been implicated 
as a cause of surgical failure. Combining treatments of 
the hypopharyngeal airway may improve UPPP outcomes. 
These involve manipulation of skeletal structure as well as 
soft tissue. Procedures include partial glossectomy, abla- 
tional glossectomy, mandibular advancement, limited 
mandibular advancement, tongue and hyoid suspension 
procedures, lingual tonsillectomy, and limited laryngeal 
procedures. Only a small amount of evidence-based medi- 
cine is available on any of these procedures. Few have been 
compared and selection of procedure is often based on sur- 
geon’s preference. Some procedures are selected on specific 
anatomical abnormalities such as lingual tonsillectomy for 
lingual tonsil hypertrophy. 


Procedure Pre-AHI Post-AHI Change in AHI P Value, Pre vs. Post P Value Between Groups 
UPPP (n = 44) 47.9 (30.0) 30.9 (24.2) 17.1 (30.1) <0.000 
Palatal advancement (n= 30) 48.3(24.6) 19.8 (16.8) 28.5 (25.6) <0.000 <0.02 


From Woodson BT, Robinson S, Lim HJ. Transpalatal advancement pharyngoplasty outcomes compared with uvulopalatopharyngoplasty. 


Otolaryngol Head Neck Surg 2005;133(2):211-217. 
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Figure 137.4 Expansion sphincter pharyngoplasty. A: After tonsillectomy is completed (if neces- 
sary), the palatopharyngeus muscles are isolated and transected at the inferior aspect. B: Mucosal 
incisions or submucosal tunnels are made up toward the hamulus anteriorly. C: A figure-eight tendon 
suture is placed in the cut end of the muscle to suspend it up toward the anterior soft palate and 
hamulus. D: The incisions are closed. The uvula may be preserved in some patients. (Reprinted from 
Pang KP, Woodson BT. Expansion sphincter pharyngoplasty in the treatment of obstructive sleep 
apnea. Oper Tech Otolaryngol Head Neck Surg 2006;17(4):223-225, with permission.) 


MINIMALLY INVASIVE TECHNIQUES 
AND PROCEDURES FOR SNORING 


Surgical therapy for snoring continues to evolve. UPPP was 
the first palatal procedure performed for the treatment of 
snoring. It continues to be an option but not frequently 
used because of the need for a general anesthetic and 


ESP UPPP 
Preoperative AHI 44.24 10.2 38.1466 
Postoperative AHI 120+ 66 19.6479 
P value <0.005 <0.05 
Success rate 82.60% 68.10% 


AHI reduction 50% and <20 


From Pang KP, Woodson BT. Expansion sphincter pharyngoplasty: 
a new technique for the treatment of obstructive sleep apnea. 
Otolaryngol Head Neck Surg 2007;137(1):110-114. 


significant morbidity associated with the recovery. There 
has been significant interest in developing minimally inva- 
sive procedures for patients to treat SDB. In this context, 
we most commonly think of primary snoring as the focus 
of the interventions. There are a variety of reasons for this. 
Foremost is the fact that more invasive, multilevel, and 
combined therapies are required for treating OSA. Treating 
OSA surgically in almost all cases requires a general anes- 
thetic in the operating room. Primary snoring on the other 
hand is addressed in the clinical setting were minimally 
invasive techniques would be ideal. Furthermore, insur- 
ance companies will often not reimburse for treatment of 
snoring in the operating room. Development of simple 
in office procedures is highly desirable. Until the 1980s, 
UPPP was the mainstay to treat palatal flutter snoring. In 
1987, laser-assisted uvulopalatoplasty (LAUP) was per- 
formed by in Europe and later brought to the United States 
in 1993. The advantages over UPPP included the fact that 
it could be done in the office under local anesthetic with 
a lower incidence and severity of complications. However, 
significant postoperative pain was still a significant prob- 
lem when treating snoring, and many patients required 
subsequent sessions to obtain success, if they even came 


back. Since then, less invasive and more tolerable proce- 
dures have been evolving with a goal of simple, durable, 
and with lasting effects. Overall, the things to consider 
when choosing a procedure would be presenting anatomy, 
short-term and long-term effectiveness based on scientific 
evidence, the number of sessions required for treatment, 
morbidity or postprocedural pain, and cost. The goal is 
reduce the severity and duration of snoring that is both- 
ersome and potentially harmful without subjecting the 
patient to too much risk. 

The most important aspect of evaluating someone with 
a presenting complaint of snoring would be to rule out 
OSA. Snoring has a prevalence of greater than 50% in the 
general population. Establishing the symptom as a diagno- 
sis of primary snoring requires the AHI to be less than 5 in 
most cases. A review of studies evaluating snoring patients 
for OSA with overnight polysomnogram showed that 
the ability to clinically predict OSA in snoring patients is 
around 60% (Table 137.1) (69-74). Therefore, because of 
the morbidity associated with OSA and low sensitivity in 
predicting OSA in snoring patients on clinical exam alone, 
formal evaluation for OSA should be done prior to inter- 
vention for a complaint of snoring. 

Snoring has traditional thought of as solely a socially 
bothersome problem. When evaluated against sleepiness, 
the importance of subjective snoring and impact on the 
bed partner was greater in terms of quality of life (75). This 
highlights the impact snoring can have socially for many 
patients. The impact of snoring on quality of life for the 
individual may be comparable to having a chronic disease 
(76) and may be different between certain populations (2). 

More recently, snoring is being considered to have 
greater health impact than previously thought. There is 
evidence that heavy snoring is related to increased carotid 
artery atherosclerosis (77). An overall increase in mortal- 
ity has also been identified in patients who snore despite 
accounting for age, sex, BMI, and AHI (7). 

The sound generated during snoring is generally accepted 
to be from the palate in roughly 80% to 85% of patients. The 
remainder of patients has a pharyngeal source or a combi- 
nation of areas where the snoring arises from. This is impor- 
tant because essentially all snoring procedures work on the 
principle of stabilizing or stiffening the palate. It is no coin- 
cidence therefore that palatal procedures have a reported 
efficacy of around 80%. Brietzke and Mair (78) explored at 
using acoustical analysis to predict the probability of success 
and showed that subjective results were positively impacted 
when the level of snoring could be identified. 

There are a variety of factors to consider when consid- 
ering procedures even if minimally invasive. They may 
include wound healing issues such as diabetes, the pres- 
ence of a strong gag reflex, and previous snoring or OSA 
surgery. The use of immunosuppressant medications is 
also important because many of the procedures rely on 
the generation of scar. This could potentially be reduced 
with concurrent use of steroids. Lastly, occupation and 
hobbies of the patient should also be considered. There 
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are limited data on voice impact, but many vocalists and 
instrumentalist will be reluctant to proceed if there is any 
chance on negatively impacting their performance. Foodies 
are also another category of patients to be wary of. Taste 
information could theoretically be impacted by modify- 
ing receptors in the soft palate. In addition, balancing an 
improvement in nasal cavity airflow without deflecting too 
much airflow away from the olfactory tissues may be dif- 
ficult when treating SDB or other NAO. 


Procedures 


There are a variety of procedures available in the office to 
treat primary snoring. Some of the same principle tech- 
niques are also being adapted for use on the nasal turbi- 
nates to improve NAO in a minimally invasive setting. In 
order to offer a less invasive and more tolerable following 
the development of UPPP and then LAUP, in 1997 Powell 
introduced radiofrequency tissue ablation (RFTA) of the 
palate for the treatment of snoring (79). Since that time 
additional devices and procedures have been introduced. 


Radiofrequency Tissue Ablation and Coblation 
Techniques 

RFTA, or temperature-controlled radiofrequency pala- 
toplasty, is also done in the office under local anesthesia 
with the patient off any anticoagulant medications. The RF 
energy is delivered to the palate with a 22-gauge RF needle 
electrode. The generator automatically modulates the power 
and maintains the target temperature at 80°C to 90°C 
(Somnus Medical Technologies Ltd). Most patients are 
treated with three energy doses, one midline and two para- 
median, at each treatment session. The needle is inserted in 
to the muscle of the soft palate with the entry point being 
near the junction of the hard palate. The active portion of 
the electrode should not extend into the base of the uvula 
or to the free margin of the soft palate. Most patients will 
require multiple treatment sessions. In a prospective, non- 
randomized, multicenter study of 113 patients being treated 
for snoring, the multiple lesion protocol was deemed most 
successful. However, an extended follow-up study noted 
that a relapse rate at 14 months was 29% (80). Terris et 
al. published a prospective randomized trial of LAUP ver- 
sus RFTA. Twenty patients diagnosed with mild SDB were 
treated with LAUP achieving 86% satisfactory resolution of 
their snoring, and 60% of RFTA patients achieved the same 
results (81). Single versus multiple lesion techniques have 
been evaluated with multiple lesion treatments having a 
greater likelihood of success (82). In 2004, Stuck et al. (83) 
reviewed 22 studies most of which were primarily prospec- 
tive, noncontrolled trials. In 345 patients, the visual analog 
score for snoring was significantly reduced from 8.1 + 1.8 
preoperatively to 3.5 + 2.2 postoperatively. The primary 
complication noted included ulceration of mucosa (up to 
43% of patients in one study). Additional findings reported 
were palatal fistula, uvular sloughing, and bleeding in one 
patient. Overall, the literature supports the possibility of 
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a Satisfactory result, but relapse has been noted long-term 
(84) and controlled trials are required. 

Postoperative pain management is typically achieved 
with nonsteroidal anti-inflammatory medications such as 
ibuprofen and topical anesthetic lozenges. Occasionally, 
for any of the procedures where there is mucosal break- 
down, increased analgesia may be required. If significant 
discomfort or palatal edema, or erythema is noted by the 
patient, they should be evaluated for infection and oral 
antibiotics considered. 

Coblation, or “cold ablation,” is a form of submucosal 
bipolar RF energy delivery. It operates at a lower energy 
level than RFTA (frequency range of 100 kHz and voltage of 
100 to 300 V). It does require an isotonic field from saline 
to generate the voltage differential and subsequent reduc- 
tion in tissue size by molecular disintegration. A long, thin, 
submucosal lesion is produced surrounding the coblation 
zone along the probe (Arthrocare ENT; Sunnyvale, CA). 
Palatoplasty technique can be with a single or multiple 
directional passes on sites in the soft palate. Comparison 
to other snoring procedures has been reported with com- 
parable results and complication rates (85). Coblation 
techniques have also been applied to the inferior nasal tur- 
binates with a desire for volumetric reduction and decreased 
NAO. Office-based use of this technique is also possible. 


Injection Snoreplasty 
In 2001, Drs. Brietzke and Mair (86) introduced a simple, 
cost-effective procedure known as snoreplasty. They found 
it to be highly effective in the majority of patients with easy 
application in the office setting. Their original procedure 
was developed using sodium tetradecyl sulfate (STS), but 
this is not always commercially available. Subsequently, 
other substances have been utilized including ethanol, 
polidocanol, and ethanolamine oleate. After the applica- 
tion of a topical anesthetic using spray or gel, the STS ora 
50 to 50 combination of 2% lidocaine and 98% dehydrated 
ethanol is injected. It is typically applied as a single, midline 
palatal injection in the submucosal plane with a 27-gauge 
1.5-inch needle. The total volume is typically 1.5 to 2.0 mL. 
The base of the uvula should not be injected as this may 
cause significant swelling. The injection should also not be 
in the deep muscular plane. This could theoretically lead 
to a greater chance of palatal fistula and increased discom- 
fort. The submucosal plane is targeted with expected muco- 
sal sloughing and subsequent development of scarring 
over the next 4 to 6 weeks. If repeat injections are needed, 
roughly 10% of the time, the lateral areas of the soft palate 
are treated approximately 6 weeks later. For patients with a 
strong gag reflex, they can be asked to hum, elevating their 
soft palate with simultaneous injection of the agent. 
Postoperative management is straightforward with 
moderate discomfort at the most for 1 to 3 days typically. 
Throat lozenges, acetaminophen, or ibuprofen as needed 
along with regular diet as tolerated and no steroids or 
antibiotics are the typical instructions given. Snoring may 


worsen temporarily and mucosal breakdown is expected. 
Follow-up is typically scheduled for 4 to 6 weeks. 

An initial short-term success rate of around 80% 
was reported in unselected patients (86). Subsequent 
preoperative evaluation with acoustical analysis of snor- 
ing yielded better results with patient selection (78). 
Additional studies with other agents and application pat- 
terns along with comparisons to other procedures have 
demonstrated similar results for this simple in office 
procedure (87,88). 


Pillar Soft Palate Implants 

An additional procedure that lends itself well to the office 
setting with local anesthesia is the placement of Pillar 
implants into the soft palate. The braided polymer implants 
can be inserted in the office under local anesthesia. The 
18 mm long by 1.5 mm round implant is designed to be 
placed near the junction of the hard and soft palate. The 
implants are deployed into the muscular layer of the soft 
palate using the single use delivery tool. Two additional 
implants are placed in parasagittal locations of the soft pal- 
ate approximately 2 mm on each side. Preparation for the 
procedure includes the administration of a preoperative 
antibiotic dose and use of local anesthetic. The potential 
advantages with this procedure are there is potentially less 
pain than other palatal procedures and it could in theory 
have a long-term effect if extrusion does not occur. Patient 
selection is important. Patients with a long soft palate and 
uvula, narrow transverse distance between the posterior 
pillars, significant nasal obstruction, and snoring from the 
pharyngeal tissues or large tongue base would not be good 
candidates. 

There are over a dozen articles in the literature that 
evaluate the response in snoring patients both with short- 
term and long-term follow-up. Additional studies can be 
found regarding the response for mild OSA and in com- 
bination with other procedures including UPPP, hypo- 
pharyngeal procedures, and CPAP use. Short-term efficacy 
for the reduction of snoring at 90 days was statistically 
significant in several studies. Long-term results defined as 
12 months have also shown (89-93). An extrusion rate of 
20% was noted in some of the studies; however, when this 
was analyzed separately, it was felt that no increase in snor- 
ing resulted if two of three implants remained in position 
(91,94). Despite short-term benefit which was statistically 
significant in several studies, a trend toward relapse has 
been noted long term (94,95). Studies for the treatment 
of mild to moderate OSA have shown limited effectiveness 
overall to this point (96) and of no benefit in reducing 
pressure needed or the improvement of compliance when 
combined with CPAP (97). 


Anterior Palatoplasty 

In 2000, the cautery-assisted palatal stiffening operation 
(CAPSO) was reported with a short-term efficacy of around 
92% and long-term (12 months) of 77% (98). The simple 


office procedure for the treatment of palatal flutter snoring 
could be done under local anesthesia. Complications were 
less than 1% and included bleeding, transient velopharyn- 
geal insufficiency (VPI), and dry mouth. Pain can be sig- 
nificant in some patients; however, as the demucosalized 
area of the soft palate heals by secondary intention. 

A modification of this technique was published in 2007 
for use in patients with snoring as well as mild to moderate 
sleep apnea (99). The procedure now known as anterior 
palatoplasty has been reported to have long-term benefit 
approximately 3 years out (100). The advantages of the 
procedure versus the original CAPSO are that the post- 
operative morbidity in one authors experience is signifi- 
cantly reduced. In addition, for patients with an obliquely 
oriented or long, redundant soft palate with extensive 
posterior pillar webbing and demonstrating retropalatal 
collapse or palatal flutter snoring, a favorable response can 
be achieved with low morbidity. (For a demonstration of the 
procedure in the clinical setting, please refer to the online video.) 


CONCLUSION AND HIGHLIGHTS 
SECTION 


Surgical treatments for patients with OSA continue to 
evolve. Select patients may benefit from a single proce- 
dure, but in the majority of adult patients, multiple sites 
contribute to the decreased luminal patency during sleep in 
patients with OSA. The nasal airway can be a critical com- 
ponent of airway collapse because of upstream resistance. 
Improved quality of sleep, compliance with other medical 
therapies including nasal CPAP, and improved OSA param- 
eters have been shown in patients following nasal surgeries. 
A variety of palatal procedures exist for OSA and snoring. 
Multiple publications describe variations of the original 
Fujita UPPP technique and attempt to address observed 
anatomy among select patients. Newer techniques do pro- 
vide some promising results based on improved selection 
of patients and airway phenotypes. Staging systems intro- 
duced by Friedman and others highlight the need for palatal 
surgeries to be combined with other surgeries of the airway 
in many cases. Snoring procedures are primarily based on 
reducing the social disruption from palatal flutter and vary 
primarily based on invasiveness, morbidity, and cost. More 
recent data suggest that the presence of snoring may associ- 
ated with increased mortality and other health risk. 

Studies evaluating a single or combination of proce- 
dures including those of the nasal and palate are difficult 
to compare because of wide variability in techniques. 
Standardization of outcomes and study parameters has 
been proposed to improve the understanding and role 
of surgery in populations of patients with OSA (101). 
Although the AHI and other sleep parameters are com- 
mon outcome measures previously reported, newer stud- 
ies have highlighted the positive impact surgery can 
have on quality of life (9). Additional research beyond 
select case series is needed to compare the effectiveness 
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of surgery on morbidity and mortality, outcomes from 
various techniques, and ability to improve outcomes based 
on patient selection. Outcomes beyond the traditional 
measures of AHI should be included. It must also be recog- 
nized that OSA is a chronic disease and remittance is com- 
mon. Continued follow-up for patients is not uncommon. 
Improved airway phenotyping and selection systems along 
with identification of a genetic basis for OSA may lead to 
improved results in the future. 


m Palatal surgery for OSA continues to evolve from 
the original UPPP that was published by Fujita. No 
single procedure has proven to be successful for all 
patients. Limited controlled trials exist which com- 
pares the various techniques. 

= The interaction between respiratory control, arousal 
thresholds, neuromuscular tone, and transmural 
pressure in the pharynx combines to effect to the 
patency of the airway during sleep. 

m A key component of the evaluation of patients with 
snoring is to rule out the presence of OSA. More 
than half of patients who present with snoring as a 
complaint will have OSA. 

= Surgery of the upper airway may be beneficial as a 
single therapy in select patients but often requires 
manipulation of multiple sites or levels of the airway. 

= Nasal and palatal surgery may serve as an adjunctive 
treatment to other medical therapies including the 
continued use of CPAP. 
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Hypopharyngeal and 
Skeletal Surgery for OSA 


Eric James Kezirian 


Obstructive sleep apnea (OSA) results from a combina- 
tion of numerous factors related to anatomy, airway dila- 
tor muscle activation, ventilatory control, lung volumes, 
and arousal threshold, with wide variation in the spe- 
cific factors involved for affected individuals (1). Surgical 
OSA treatment is designed to alter upper airway anatomy 
and/or collapsibility, and a key goal of surgical evalua- 
tion is the determination of the anatomical factors that 
contribute substantially to obstruction in an individual 
patient. One approach divides the upper airway into three 
regions: the nasal, retropalatal, and so-called hypopharyn- 
geal (also called retrolingual or retroglossal) (2). Another 
approach divides anatomy into skeletal (the box) and soft 
tissue (the contents) components that impact the airway. 
In OSA, obstruction often occurs in more than one of 
these regions and may be related to both bony and soft 
tissue components. 

While all regions and components of the airway are 
evaluated together and integrated, this chapter presents 
aspects of patient evaluation relevant to hypopharyngeal 
procedures and skeletal surgery and then presents these 
procedures with their reported outcomes and risks. 


A thorough history and physical examination are the foun- 
dation of any surgical examination, but there are specific 
components and possible additional studies that have par- 
ticular relevance to hypopharyngeal and skeletal surgery. 
As is true for nasal and palatal surgery, the examination 
must evaluate the anatomical factors that can contribute 
substantially to upper airway obstruction. Hypopharyngeal 
procedures are ultimately directed at one or more of the 
structures that can produce hypopharyngeal obstruction: 
the oropharyngeal lateral walls, tongue, and epiglottis. In 
contrast, skeletal surgery enlarges airway dimensions along 
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the entire length of the pharynx without a specific focus on 
individual structures. 

The role of the history in detection of hypopharyngeal 
obstruction is limited, as no studies have indicated that 
any of the common OSA signs and symptoms are unique 
to hypopharyngeal obstruction. The same is true for sleep 
study results, as the apnea~hypopnea index (AHI) has not 
shown a consistent or strong association with patterns of 
obstruction or specific involved structures. However, these 
evaluations help determine the severity of OSA and its bur- 
den and, therefore, the aggressiveness of treatment. 

In contrast, physical examination can identify factors 
that can be highly suggestive of hypopharyngeal obstruc- 
tion. Table 138.1 lists some evaluation techniques that 
have been used for pharyngeal examination, with the goal 
of characterizing the pattern of airway obstruction. Because 
obesity and weight gain are well-established risk factors 
for OSA (1), measurement of the height and weight (with 
calculation of body mass index (BMI), a commonly used 
but crude measure of obesity) is an essential component 
of physical examination, as is questioning about changes 
in body weight and an association with signs or symp- 
toms in the patient history. There are multiple mechanisms 
that may explain the association between increased body 
weight and OSA, including an increase in soft tissue mass 
surrounding the pharyngeal airway and decreased lung vol- 
umes that develop with increases in body weight. Magnetic 
resonance imaging (MRI) studies have demonstrated that 
weight loss results in a decrease in lateral pharyngeal wall 
volume (3). Increases in body weight may also result in 
fat deposition within the tongue base, based on a higher 
fat content of that tissue, relative to other portions of the 
tongue, shown with computed tomography (CT) (4) and 
a correlation between BMI and fat content of the tongue 
base that was notably stronger than for other parts of the 
tongue (5). BMI and changes in body weight are major 
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TABLE 
AIRWAY EVALUATION TECHNIQUES 


138.1 


Necessary 
¢ Awake physical examination 
e Awake fiberoptic endoscopy 
Adjuvant 
¢ Plain film radiography, including lateral cephalometry 
¢ Computed tomography 
e¢ Magnetic resonance imaging 
e Airway pressure monitoring 
e Acoustic techniques, including acoustic pharyngometry and 
flextube reflectometry 
¢ Drug-induced sleep endoscopy 


factors in treatment outcomes, and these are discussed 
later in this chapter. 

In addition to measurement of body weight and BMI, 
visual examination of the oral cavity, including the tongue, 
tonsils, mandible, and lateral pharyngeal walls, can prove 
invaluable. The modified Mallampati position reflects 
absolute tongue size, soft palate length, and the dimen- 
sions and position of the mandible (which define the 
space for the tongue) (6,7). The combination of modified 
Mallampati position, tonsil size (according to the Brodsky 
classification), and BMI enables classification according to 
Friedman stage, which has demonstrated a stronger asso- 
ciation with outcomes after uvulopalatopharyngoplasty 
(UPPP) with tonsillectomy than the AHI has (6,8). The 
improvement in outcomes for a combination of hypopha- 
ryngeal surgery (submucosal tongue radiofrequency) and 
UPPP with tonsillectomy, compared to UPPP with tonsil- 
lectomy alone, in Friedman stage II and III patients (9) 
suggests that these groups have at least some component of 
hypopharyngeal obstruction and that the Friedman stage 
can play an important role in considering hypopharyngeal 
procedures. 

The position and dimensions of the mandible and 
dentition can contribute to OSA and affect treatment out- 
comes. The mandible is an important component of the 
bony framework housing the soft tissues surrounding the 
upper airway, and both retrognathia and mandibular defi- 
ciency/insufficiency compromise the airway, particularly 
the hypopharyngeal airway. Examination of the mandi- 
ble can occur with direct inspection, indirect evaluation 
based on the dental occlusion, or imaging studies. Direct 
inspection is the simplest technique. Dental occlusion is 
commonly defined by the Angle classification comparing 
the position of the mesiobuccal cusp of the maxillary first 
molar to the buccal groove of the mandibular first molar. 
This can reflect the mandible position and size relative to 
the maxilla, but two limitations are that the Angle classi- 
fication can be affected substantially by dental and orth- 
odontic treatment, including dental extractions, and that 
relative position and size of the mandible may not be as 
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important as absolute measures (also true for the maxilla). 
Multiple imaging modalities can assist in evaluation of 
the mandible, and of these, lateral cephalometry has been 
studied most extensively in OSA. Although somewhat 
limited as a two-dimensional assessment of the airway, 
lateral cephalometry can image multiple aspects of bony 
and soft tissue anatomy. Individuals with OSA and normal 
BMI have demonstrated retrognathia (decreased sella- 
nasion-mandible B point angle, or SNB angle), a narrowed 
space between the tongue base and posterior pharyngeal 
wall (posterior airway space), and an increased distance 
between the mandible and hyoid bone (mandibular 
plane-hyoid distance) (10). Findings of lateral cephalom- 
etry have also demonstrated an association with outcomes 
after certain hypopharyngeal procedures, and these find- 
ings are discussed later in this chapter. 

There is no standardized or objective assessment of 
the lateral pharyngeal walls during physical examination. 
Subjectively, certain factors may suggest a greater contribu- 
tion of the lateral walls to airway obstruction: their thick- 
ness (determined indirectly by visual inspection of the 
pharyngeal aspect), folds or redundancy in the mucosa 
covering the underlying musculature (suggesting increased 
thickness and/or tissue laxity), and any narrowing of the 
transverse dimensions of the pharyngeal airway that can 
occur with thickened walls. MRI offers the most detailed 
assessment of the lateral pharyngeal walls, but currently it 
is used solely for research purposes. Improved methods for 
examination of the lateral pharyngeal walls will likely con- 
tribute substantially to understanding OSA and treatment 
outcomes. 

Awake fiberoptic endoscopy is an invaluable tool for 
evaluating not only the nasal and retropalatal regions but 
also the hypopharyngeal region. Indirect laryngoscopy 
can inspect the larynx and tongue base, but its use in OSA 
is limited for three reasons. First, many individuals with 
OSA have a large tongue that impairs visualization of 
the hypopharynx due to physical blockage of the line of 
sight and/or increased likelihood of triggering a gag reflex. 
Second, indirect laryngoscopy requires mouth opening 
and tongue retraction, both of which disturb the natural 
anatomy of the hypopharyngeal airway. Third, it does not 
allow visualization of the hypopharyngeal airway under 
varying clinical states. Fiberoptic laryngopharyngoscopy 
enables a more-detailed evaluation of the hypopharyngeal 
airway and the individual structures surrounding it under 
various conditions, making it a mainstay of hypopharyn- 
geal evaluation. The airway caliber, site of narrowing, and 
surrounding structures (tongue base, lateral walls, and 
epiglottis) can be seen under conditions such as mouth 
open versus closed, during snoring versus restful breathing, 
inspiration versus end-expiration, upright versus supine, 
mandible advanced forward versus neutral position, and 
with increased negative intrathoracic pressure (Muller 
maneuver). The Muller maneuver can be performed during 
awake endoscopy, but there are no reported studies related 
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Figure 138.1 Axial T2-weighted MRI showing narrow hypopha- 
ryngeal airway posterior to the tongue base. 


to hypopharyngeal procedure selection or outcomes. 
Subjective evaluation of airway dimensions and structures 
using endoscopy can provide important and useful infor- 
mation (11), but there are currently no commonly used, 
standardized, and objective measurements. 

Studies based on MRI (Fig. 138.1) (12) and CT (4), in 
addition to a number of other modalities such as acous- 
tic methods, airway pressure sensing, optical coherence 
tomography (13), and computational fluid dynamics 
(14), have provided a greater understanding of anatomical 
abnormalities among individuals with OSA and, to some 
extent, outcomes after palate procedures. Thus far, they 
have largely been limited to research purposes or surgical 
planning. However, these studies have important limita- 
tions for this discussion, for three reasons: most of these 
studies have been performed during wakefulness, they 
have generally characterized all hypopharyngeal region 
obstruction as similar without differentiation among pos- 
sible subtypes, and, other than the lateral cephalogram, 
they have not been examined for a possible association 
between imaging findings and outcomes after hypopha- 
ryngeal procedures or skeletal surgery. The first two limita- 
tions are discussed here. 

Airway examination during wakefulness—whether 
physical examination, endoscopy, or imaging—has impor- 
tant limitations related to the physiologic changes that 
occur during sleep, such as the marked decrease in genio- 
glossus muscle tone that occurs at sleep onset (15) and 
the further decrease in rapid eye movement (REM) sleep 
(16). Of course, individuals with OSA demonstrate air- 
way obstruction only during sleep, often with increased 
frequency during REM sleep. The implications for evalua- 
tion of hypopharyngeal airway obstruction (especially that 
related to the tongue) may be substantial. Although awake 


evaluation, especially office examination, generally has 
relatively low cost, there are likely important differences 
between examinations performed during wakefulness and 
sleep, and further investigation will elucidate how impor- 
tant those differences are. 

Multiple investigators have studied the airway under 
conditions of anesthesia, including drug-induced sleep 
endoscopy (DISE) (17), originally described as sleep 
nasendoscopy in 1991 (18). The continuum of sedation 
ranges from wakefulness to conscious sedation to uncon- 
scious sedation to general anesthesia, and DISE involves 
endoscopic examination of the pharyngeal airway dur- 
ing unconscious sedation. While unconscious sedation 
under propofol may not be a perfect simulation of natu- 
ral sleep, with identical effects on upper airway collaps- 
ibility, pharyngeal dilator muscle activity during DISE 
appears to lie somewhere between natural non-REM and 
REM sleep (15,16,19,20). DISE findings have suggested 
that there may be multiple subtypes of hypopharyngeal 
region obstruction; during unconscious sedation, individ- 
uals with OSA generally have one or more of the follow- 
ing structures contributing to hypopharyngeal obstruction: 
the oropharyngeal lateral walls, tongue, and/or epiglottis 
(Figs. 138.2 to 138.4, respectively) (17,21). Although 
hypopharyngeal procedures are ultimately directed at spe- 
cific structures (including these three), it remains unclear 
whether this diversity of patterns within the broader 
category of hypopharyngeal obstruction has implications 
for outcomes of surgical and nonsurgical treatment (i.e., 
whether tongue-directed procedures work better in indi- 
viduals with tongue-related hypopharyngeal obstruction 
than in those with obstruction more related to the oro- 
pharyngeal lateral walls or epiglottis). It is possible that 
alleviation of one source of airway narrowing/obstruction 


Figure 138.2 Oropharyngeal lateral wall collapse during DISE. 


Chapter 138: Hypopharyngeal and Skeletal Surgery for OSA 


Tongue base prolapse during DISE. 


may alleviate that from others, for example, by reducing 
resistive Bernoulli forces. Thus, the interaction of anatomy, 
physiology (e.g., depth of sleep, collapsibility, and venti- 
latory control), airflow dynamics, and conditions (e.g., 
body position) is complex. At a minimum, the grouping 
of all hypopharyngeal region obstruction together, as has 
occurred with most evaluation techniques, does not cap- 
ture this diversity. Although DISE findings have demon- 
strated an association with outcomes for palate surgery 
(22,23), similar evaluations have not occurred for hypo- 
pharyngeal procedures. 


Epiglottic prolapse (anteroposterior) during DISE. 
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The importance of preoperative evaluation—and the 
association between findings of the preoperative evalua- 
tion and surgical outcomes—cannot be overemphasized. 
The next section discusses outcome assessment, followed 
by the available hypopharyngeal procedures and skeletal 
surgery and their reported outcomes, highlighting the fac- 
tors that may be apparent during preoperative evaluation 
that have shown an association with outcomes, as well as 
their risks. 


It remains unclear how best to measure treatment out- 
comes for sleep apnea (24). Treatment should address 
primarily clinical outcomes, such as mortality, cardiovas- 
cular disease, motor vehicle crashes, daytime function, 
symptoms, and quality of life deficits. Surrogate measures 
of treatment outcome, like sleep study parameters (such as 
the AHI) and inflammatory markers, are important if they 
translate into clinically important effects. Unfortunately 
for patients diagnosed with sleep apnea, improvements in 
sleep study parameters do not necessarily translate directly 
into all the desired outcomes (25). Whenever possible, 
clinical outcomes should be measured primarily in pref- 
erence to surrogate outcomes (26). Table 138.2 highlights 
clinically important outcomes, while Table 138.3 lists 
common surrogate outcome measures. 


Sleep Testing Outcomes 


Surgical treatment often does not physiologically cure sleep 
apnea (i.e., permanently normalize the AHI). This fact has 
left some people to suggest that surgical treatment too 
often fails (27-29). This view neglects the risk to patients 
who are otherwise inadequately treated. When considering 
surgical outcomes, one must view them in the context of 
outcomes from alternative therapies for each patient (24). 
Although continuous positive airway pressure (CPAP) 
at the optimal pressure determined in the sleep labora- 
tory dramatically improves physiologic measures, this is 
not the case for all patients (30) and often does not com- 
pletely normalize the AHI (31). Moreover, the physiologic 


Mortality risk 

Cardiovascular disease and events 
Motor vehicle crashes 

Symptoms 

Daytime function 

Quality of life (patient and partner) 
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53) EXAMPLES OF SURROGATE 
yt: ee) OUTCOME MEASURES 


¢ Sleep study parameters 
° Apnea-hypopnea index 
° Oxygenation parameters 
° Arousal indexes 
¢ Physiologic measures, such as airway collapsibility (critical airway 
closing pressure) 
¢ Inflammatory markers 


improvement with CPAP depends on the duration of use 
during sleep time. The minimum usage needed to consider 
CPAP physiologically successful is unknown (30). The cur- 
rent standard of 4 hours per night on over five nights per 
week (32) is probably inadequate (33). This minimum 
threshold amounts to 20 hours of use per week (4 hours 
per night x 5 nights per week), covering just 37% of the 
recommended 56 hours of sleep time per week (8 hours 
per night x 7 nights per week). Indeed, emerging data indi- 
cate a monotonically increasing dose-response relation- 
ship between the amount of average nightly CPAP use and 
its effect on improving clinically important outcomes like 
subjective sleepiness, objective sleepiness, and functional 
outcomes (34). Likewise, 5-year survival increases with the 
amount of CPAP use, with the best outcome achieved with 
more than 6 hours of average nightly use (35). 

Because the AHI defines OSA, it is the most common 
primary OSA treatment end point for clinicians and in 
research studies. However, other sleep study parameters 
may be more reliable and physiologically more impor- 
tant (e.g., apnea index, desaturation index, percentage of 
sleep time with oxygen saturation below 90%). The use of 
AHI for outcome assessment is complicated by the varia- 
tion in definitions of respiratory events (especially for 
hypopneas) over time and the multiplicity of definitions 
proposed in guidelines (36,37); the result is that notable 
differences exist across sleep laboratories and for different 
studies. 

The large majority of studies for hypopharyngeal sur- 
gery and skeletal surgery are case series, and there have 
been attempts to compare results across procedures or, 
for hypopharyngeal procedures, the combination of soft 
palate surgery and a hypopharyngeal procedure (38-40). 
Because most studies of OSA surgery report AHI outcomes, 
these comparisons have focused largely on AHI and have 
examined the proportion of treated individuals who have 
achieved an arbitrary threshold “response” to treatment 
or “success,” typically a reduction of at least 50% in the 
AHI to a level below 20 or 15 events per hour. However, 
this is a major oversimplification, as OSA treatment is not 
solely a number. Beware that the use of a single parameter 
in reporting trial outcomes oversimplifies the complexity 
of OSA disease burden and treatment outcome. 


Clinical Outcomes 


More important than the physiologic outcomes are 
the clinically important outcomes. Surgical treatment 
improves symptoms such as daytime sleepiness, quality 
of life, and daytime performance and function. One study 
of staged, multilevel surgical therapy compared to CPAP 
users showed similar symptoms and quality of life follow- 
ing treatment (41). Objective outcomes are possible for 
some clinical end points but can be cumbersome, expen- 
sive, or unavailable. Valid, reliable measures can evaluate 
subjective outcomes, with specific statistical and analytical 
approaches to evaluate potential placebo effects. Most of 
the research evaluating clinical outcomes in OSA surgery 
has focused on soft palate surgery, but there are a number 
of studies of hypopharyngeal surgery that have used vali- 
dated measures of symptoms, daytime functioning, and 
sleep-related quality of life. 


HYPOPHARYNGEAL PROCEDURES AND 
OUTCOMES 


Hypopharyngeal procedures can be differentiated based 
on whether they are designed either to increase tissue ten- 
sion to reduce collapsibility or to decrease tongue tissue 
volume and whether they are directed at the tongue, epi- 
glottis, and/or, in some cases, the lateral pharyngeal walls. 
Overall, these procedures can be grouped into three cat- 
egories, presented in Table 138.4. 

Summary of reported outcomes for these procedures, 
generally when performed in combination with palate sur- 
gery, are presented in Table 138.5. One striking finding is 
that all hypopharyngeal procedures or procedure catego- 
ries have a wide range of reported outcomes both for an 
overall case series and for individual subjects within each 
series. This likely reflects the importance of subject-specific 
characteristics that are not immediately apparent in these 
case series reports. This chapter discusses factors that have 
been associated with outcomes, but future investigations 


TABLE 
HYPOPHARYNGEAL PROCEDURES 


138.4 


Tongue Advancement/Stabilization 

° Genioglossus advancement and mortised genioplasty 
° Hyoid suspension 

° Tongue stabilization suture 

Tongue Reduction 

° Submucosal radiofrequency reduction 

° Midline glossectomy 

° Lingualplasty 
° 
° 


Hyoepiglottoplasty 
Lingual tonsillectomy 
Epiglottis Correction 
° Hyoid suspension 
° Epiglottoplasty 
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TABLE 


Range of 


Response Rate in 
Individual Series 


Response (AHI) 


Genioglossus advancement 57% 70/122 39%-78% 
(43-47) 

Mortised genioplasty (48) 48% 16/33 

Hyoid suspension (49-55) 58% 174/300 18%-78% 

Genioglossus advancement 55% 342/620 24%-78% 
+ hyoid suspension 
(46,47,54,56-68) 

Tongue stabilization suture 54% 116/216 20%-82% 
(69-79) 

Submucosal tongue 49% 408/868 20%-81% 
radiofrequency 
(9,70,71,80-99) 

Tongue reduction 50% 60/121 25%-83% 
procedures (other 
than submucosal 
radiofrequency) (100-112) 

Epiglottoplasty (113) 78% 21/27 


FS, Friedman stage; LSAT, lowest oxygen saturation on sleep study. 
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138.5 SUMMARY OF OUTCOMES OF HYPOPHARYNGEAL PROCEDURES’ 


Daytime Association with 
Sleepiness Quality of Life Outcomes 

BMI 

BMI, AHI 
Improved? BMI? LSAT? 
Improved BMI, AHI 
Improved Improved BMI, technique 
Improved? Improved? Technique, FS; +AHI 


BMI 


Note: Most subjects in these studies underwent previous or concurrent soft palate surgery. 


?A single study or small minority of studies do not show improvement. 


Possible association with outcomes, based on some studies showing an association, with other studies showing none. 


can enhance procedure selection with greater focus on 
examination of these factors and more standardization in 
the reporting of outcomes of surgical trials (42). 

The tongue advancement and/or stabilization proce- 
dures include genioglossus advancement, mortised geni- 
oplasty, hyoid suspension, and the tongue stabilization 
suture. These can be performed in isolation or concurrently 
with palate or other hypopharyngeal procedures. 

Genioglossus advancement (Fig. 138.5) involves cre- 
ating an anterior mandibular osteotomy to capture the 
insertion of the genioglossus muscle at the genial tuber- 
cle, advancing the bone fragment 10 to 20 mm (often the 
thickness of the mandible) and thereby increasing tension 
on the genioglossus muscle (114). With the decrease in 
genioglossus muscle tone that occurs during sleep, this 
increased muscle tension can reduce tongue prolapse that 
can narrow the hypopharyngeal airway. Mortised genio- 
plasty is a variation that includes a portion of the infe- 
rior border of the anterior mandible, advancing the bone 
fragment to increase tension on not only the genioglossus 
muscle but also the digastric and mylohyoid muscles;48 
there is less advancement of the bone and muscle attach- 
ments in this procedure, as instead of advancing the 
osteotomized bone fragment the entire thickness of the 
mandible (as in genioglossus advancement), typically 
some bony overlap along the osteotomies is maintained 
to facilitate healing. Outcomes for these procedures 
appear to be improved in individuals with BMI below 
30 kg/m? and those with lower AHI (45,46,48). Risks 
of genioglossus advancement and mortised genioplasty 


include hematoma, incisional dehiscence and infection, 
dental injury, dental numbness or paresthesias, mental 
nerve injury, and mandible fracture (115). 

The human hyoid bone is uniquely mobile, and its 
attachments to adjacent muscles (hyoglossus, mylohyoid, 
digastric, sternohyoid, thyrohyoid, and middle pharyn- 
geal constrictor) and ligaments (hyoepiglottic and stylo- 
hyoid) led to the development of the hyoid suspension 
procedure. Specifically, the attachments of the hyoid bone 
to the inferior tongue base (hyoglossus), epiglottis (hyo- 
epiglottic ligament), and lateral pharyngeal walls (middle 
pharyngeal constrictor) suggest that the hyoid suspension 
procedure may help stabilize the hypopharyngeal airway. 
The hyoid suspension procedure (Fig. 138.6) advances and 
stabilizes the hyoid bone to the thyroid cartilage (116) or, 
through some tethering material, to the inferior border of 
the mandible (62); it remains unclear which technique 
is preferable, as these have never been compared side by 
side. Outcomes for hyoid suspension as a sole surgical 
treatment for hypopharyngeal obstruction appear to be 
improved for subjects with BMI below 30 kg/m? (although 
this comes from a comparison of different studies only) 
and those with lower AHI (49-55). Hyoid suspension 
has resulted in improved control of symptoms such as 
daytime sleepiness, measured by the Epworth Sleepiness 
Scale (ESS) (49,50,52,54,55,117). Risks of hyoid suspen- 
sion include seroma or hematoma, infection, dysphagia 
(via local edema and/or injury of the superior laryngeal or 
hypoglossal nerves), hyoid fracture, suspension material 
breakage, or pharyngocutaneous fistula (115). 
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Figure 138.5 Genioglossus advancement procedure. On the left, an anterior view shows the mandibular osteotomy with fragment 
advanced, rotated, and secured inferiorly. On the right, a sagittal view demonstrates the advanced position of the genioglossus muscle 
insertion. (Reprinted with permission of www.sleep-doctor.com) 


Figure 138.6 Hyoid suspension using a thyrohyoid technique. An anterior view (left) and sagittal view (right) demonstrate the use of 
sutures to secure the hyoid bone to the superior border of the thyroid cartilage. (Reprinted with permission of www.sleep-doctor.com) 
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Outcomes for the combination of genioglossus 
advancement and hyoid suspension as treatment of hypo- 
pharyngeal obstruction have been reported. Some studies 
demonstrated an association between improved outcomes 
in subjects with lower BMI (generally below 30 or 32 kg/m?) 
(47,57,59,62,66,68), lower AHI (46,47,57,59,61), and 
greater SNB angle on lateral cephalometry (47,60), although 
the associations were not seen in all studies (56,60,65,68). 
Concerning clinical outcomes, studies have also shown a 
decrease in daytime sleepiness (ESS) (56-59,61,63,65- 
67,97,116) and improvements in sleep-related quality of 
life (68). 

Tongue stabilization involves securing a suture to the 
anterior mandible and then passing that suture though the 
tongue base to tether it and reduce its ability to obstruct 
the airway when muscle tone decreases during sleep. 
Outcomes appear to be improved with lower BMI (gen- 
erally below 29 or 30 kg/m’) (70,76,79) and the degree 
of suture tightening (74). Risks include those related to 
placement of the fixation screw in the anterior mandible 
(dental injury or numbness), passage of the suture towards 
and through the tongue base (sialadenitis and injury to 
the lingual or hypoglossal nerves), or the degree of suture 
tightening and the related tethering of the tongue (suture 
breakage or migration, dysphagia, and dysarthria) (115). 
Tongue stabilization studies have shown a decrease in day- 
time sleepiness (ESS) (70,71,75,77,79,98) and improved 
sleep-related quality of life (98). 

Tongue reduction procedures improve the retrolingual 
airway by decreasing tongue tissue volume. This can be 
accomplished either with direct tissue removal or with 
submucosal radiofrequency treatment that creates tis- 
sue injury and reduces tongue volume indirectly through 
fibrosis. Submucosal tongue radiofrequency (Fig. 138.7) 
involves creation of a submucosal scar with the bulk of the 
tongue itself that stiffens the tissue and reduces tongue vol- 
ume by a mean of 17% after five treatment sessions (91); 
the changes in tissue characteristics that occur with fibro- 
sis may also increase tongue tension and reduce tongue 
prolapse during sleep. Submucosal radiofrequency is less 
invasive than direct tissue resection, which translates into 
simpler recovery but, in general, lower effectiveness than 
the surgical excision techniques. Outcomes are presented 
in Table 138.5, and a number of studies have demonstrated 
that submucosal tongue radiofrequency improves daytime 
sleepiness (ESS) (70,71,82-85,87,89-95,98,99) and sleep- 
related quality of life (91,93,95,98,99). 

Most published submucosal tongue radiofrequency 
case series studies have subjects with a mean BMI below 
30 kg/m?, a group that may be easier to treat due to less 
tongue volume at baseline (5). That being said, as opposed 
to other hypopharyngeal procedures for which the litera- 
ture consists almost exclusively of case series or random- 
ized pilot studies, higher-level evidence demonstrates the 
benefits of submucosal tongue radiofrequency. In a dou- 
ble-blinded, sham/placebo-controlled randomized trial of 
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subjects with mild to moderate OSA, active submucosal 
tongue (combined with palate) radiofrequency produced 
improvements in the apnea index, daytime sleepiness, reac- 
tion time, and quality of life, with improvements similar 
to CPAP and even greater 2 years after treatment than at 
6 months (99,118). In another study comparing isolated 
soft palate surgery to the combination of soft palate sur- 
gery and submucosal tongue radiofrequency, results were 
improved with the addition of submucosal tongue radio- 
frequency for both Friedman stages II and III (85). For the 
published case series studies, outcomes are enhanced in 
those with lower Friedman stage (II vs. II) (85) and BMI 
below 29 kg/m? (90). Risks include mucosal ulceration; 
hematoma; infection, including abscess; injury of the lin- 
gual or hypoglossal nerves; and sialadenitis (115). One 
literature review suggested that the incidence of complica- 
tions of moderate or major severity was 2.7% in total, with 
none occurring in a series from an experienced group (119). 

Multiple procedure approaches enable direct tissue exci- 
sion: midline glossectomy (midline trench in the tongue 
base) (103), lingualplasty (extends the tongue base dis- 
section laterally) (108), submucosal minimally invasive 
lingual excision (midline excision from the tongue base 
and posterior oral tongue) (102,120), submucosal lin- 
gualplasty (midline and lateral removal of tissue from 
the tongue base and posterior oral tongue) (106), and 
hyoepiglottoplasty (transcervical resection of tongue base 
tissue, with hyoid suspension to the mandible’s inferior 
border) (101). These procedures can reduce tongue vol- 
ume considerably, and the resulting scar in the tongue base 
also likely reduces its collapsibility. Lingual tonsillectomy 
(Fig. 138.8) improves the airway by removing obstructing 
lingual tonsil tissue without resecting tongue base muscu- 
lature. In the past, these procedures were performed with 
lasers or electrocautery. With the newer irrigating, suction- 
ing, bipolar instruments, bleeding and collateral tissue 
damage are minimized, and morbidity is decreased consid- 
erably (121). Recently, lingual tonsillectomy (alone or in 
combination with epiglottic procedures, such as those out- 
lined below) has been performed as transoral robotic sur- 
gery (111). Although the reported outcomes from tongue 
tissue excision procedures appear to be similar to other 
procedures (Table 138.5), it must be noted that these case 
series studies generally include subjects with BMI above 
30 kg/m? and with moderate to severe OSA, a group that 
has largely shown poorer outcomes for the alternative pro- 
cedures in the table. Risks of tongue excision procedures 
are similar to (but more likely than) those after tongue 
radiofrequency (115). 

Posterior displacement or retroflexion of the epiglot- 
tis impairs the airway, and there are procedures to deb- 
ulk or stabilize the epiglottis. Hyoid suspension, as noted 
above, tethers the epiglottis indirectly through its attach- 
ment to the hyoid bone via the hyoepiglottic ligament. 
Epiglottoplasty resects part of the epiglottis directly and 
can be accomplished via a transoral approach (122) ora 
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Figure 138.7 Submucosal tongue radiofrequency. Figures show the creation of tissue injury in the tongue base (left) and ventral tongue 
(middle), both of which heal with the development of fibrosis at these sites (right). (Reprinted with permission of www.sleep-doctor.com) 


neck incision (typically as part of another procedure that 
may include tongue tissue resection, as hyoepiglottoplasty 
does). It is important to note that outcomes for epiglotto- 
plasty reported in Table 138.5, while impressive, are from 
a single study with a highly selected group of subjects with 
low BMI (mean 23.4 kg/m?) and a specific finding on fiber- 
optic endoscopy: posterior displacement of the epiglot- 
tis away from the tongue base (113). In addition to a low 
risk of bleeding, the most important risk of transoral epi- 
glottoplasty is dysphagia due to potential compromise of 
the epiglottis function as a protector of the airway during 
swallowing. 


SKELETAL SURGERY AND OUTCOMES 


Maxillomandibular advancement (MMA, Fig. 138.9) proj- 
ects forward the entire lower facial skeleton and attached 
soft tissues. The dental arches are either moved in unison 
to maintain baseline occlusion or moved differentially 
to correct a malocclusion (generally requiring pre- and 
postoperative orthodontics). This multilevel procedure 
stabilizes and improves the entire pharyngeal airway and 
thereby treats both the retropalatal and hypopharyngeal 
regions of the upper airway (and all structures that can 
contribute to obstruction). Awake endoscopy suggests that 
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Figure 138.8 Lingual tonsillectomy. Sagittal views showing an enlarged lingual tonsil prior to excision (left) and following healing (right). 
(Reprinted with permission of www.sleep-doctor.com) 


Figure 138.9 Maxillomandibular advancement. Preoperative (left) and postoperative (right) sagittal images showing the changes in the 
facial skeleton and pharyngeal airway. (Reprinted with permission of www.sleep-doctor.com) 
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this treats the lateral pharyngeal walls by placing soft tis- 
sues under tension (123). 

MMA can be performed as primary surgery, although 
because this is a major operation, it is typically performed as 
a secondary procedure for patients with persistent significant 
OSA following other site-directed surgical treatments (124). 
A recent metaanalysis found that reported studies showed 
that MMA was associated with an 87% reduction in the 
AHL, whether performed as primary or secondary surgery— 
although MMA was performed in combination with other air- 
way procedures in some of the included studies (125). There 
are no higher-level studies of MMA, but the published case 
series studies (44,48,56,67,124,126-136) do demonstrate a 
more consistent improvement in AHI (although not a cure 
of OSA) (137) than for hypopharyngeal procedures. As with 
all procedures, MMA is technique dependent, with greater 
degrees of advancement associated with greater improve- 
ments in airway dimensions and improved outcomes (135). 
Published studies suggest that the improvements in AHI do 
persist over a relatively long period of time, except in indi- 
viduals who gain significant body weight. In a long-term 
follow-up of 40 patients, Riley et al. (135) showed 90% suc- 
cess more than 4 years from surgery. Limited data suggest 
that MMA also improves certain clinical outcomes, whether 
quality of life (138) or daytime function, with improvements 
similar to a group undergoing treatment with positive airway 
pressure therapy (127). The risks of MMA include bleeding, 
infection, dental injury, dental and facial numbness, mal- 
occlusion, bony malunion or nonunion, change in facial 
appearance, and temporomandibular disturbance. 


FUTURE RESEARCH 


A major challenge for the field is to conduct definitive studies 
to test the effectiveness of current and future surgical inter- 
ventions and to develop best strategies for surgical decision 
making. These studies should test adjunctive surgical treat- 
ments aimed at facilitating CPAP or oral appliance therapy, 
and they should test comprehensive surgical approaches for 
definitive therapy in the absence of CPAP or oral appliance 
therapy, ideally measuring long-term, clinical outcomes pri- 
marily. Both observational studies and definitive trials of 
high quality are desirable, as they are complementary (24). 
There are unique challenges to designing and conducting 
ethical, randomized, double-blinded, sham/placebo-con- 
trolled trials for definitive, staged, anatomically tailored, inva- 
sive surgical interventions. Examples of challenges include 
difficulties providing an adequate placebo, blinding the sur- 
geon and investigators, and obtaining long-term outcomes. 
Recruitment, generalizability, and cost will be difficult because 
it is the unusual patient who is willing to be randomized to 
or away from invasive therapy. The feasibility of randomized 
trials of surgical versus nonsurgical treatment is uncertain, as 
studies like this have often either failed in enrollment (139) 
or required federal mandates preventing surgery outside the 
trial (140). There are competing interests of providing surgi- 
cal flexibility to reflect real-world surgical decision making 


(e.g., which variation of UPPP, what additional procedures to 
include, when and how to stage) on the one hand while stan- 
dardizing the treatment protocols for methodologic purity on 
the other hand. Staging surgery, as is done in best practice, 
complicates trial design analysis by requiring repeated mea- 
sures analysis and accommodating midstream crossovers. 
Comparing surgery to CPAP is not appropriate currently, 
because each treatment is offered to a different patient pop- 
ulation in practice: CPAP is offered as first-line therapy, and 
surgery is offered to CPAP failures. Furthermore, testing dif- 
ferences between two treatments with similar effects requires 
particularly large sample sizes, which is especially challenging 
when enrollment is expected to be difficult as noted above. 

These challenges are difficult, but surmountable. They 
will require a sophisticated group of researchers to design 
and conduct the studies, with major financial support and 
with study participation from community practitioners. 
Steps are underway to meet these challenges. 


m Individuals with OSA may experience airway 
obstruction in the hypopharyngeal region of the 
pharynx. Similarly, skeletal abnormalities may con- 
tribute substantially to OSA. 

m= Evaluation of the hypopharyngeal airway must 
include physical examination and fiberoptic laryn- 
gopharyngoscopy. 

m Sleep testing outcomes are often used to measure 
the benefits of OSA treatment, but clinical outcomes 
are likely more important. 

m= A number of procedures are available to treat hypo- 
pharyngeal obstruction in OSA. Selection among 
them is based on an understanding of their mecha- 
nism of action and individual patient characteris- 
tics, among other factors. 

m MMA surgery can be used as primary surgery or, more 
often, as a secondary procedure for those with resid- 
ual OSA following previous site-directed procedures. 

m High-quality observational studies or controlled 
clinical trials will help define the outcomes of sur- 
gical treatment for OSA. However, there are unique 
challenges to attempts at conducting these studies 
for hypopharyngeal procedures and skeletal surgery. 
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Pediatric Sleep- 
Disordered Breathing 


Stacey L. Ishman 


Sleep-disordered breathing (SDB) represents a continuum 
of obstructive disease that encompasses a range of specific 
diagnoses including snoring, upper airway resistance syn- 
drome, obstructive hypoventilation, and obstructive sleep 
apnea (OSA). OSA, itself, is characterized by increasing 
limitation of flow through the upper airway, sometimes 
resulting in complete obstruction of the airway. OSA pres- 
ents differently in children than it does in adolescents and 
adults, and identification can be hampered by the fact that 
children are far less likely to complain about problems with 
sleep than adults. In many cases, parents or guardians will 
be the first to express concerns about a child’s sleep, and they 
often highlight complaints of increased fatigue or sleepiness 
(hypersomnia), difficulty initiating or maintaining sleep 
(insomnia), sleeping in strange positions and restless sleep, 
or other abnormal behaviors that are recognized during the 
sleep cycle. For this reason, a thorough history provided by 
the caregivers, in addition to a complete physical exam, is 
essential for the assessment of pediatric sleep disorders. 


Epidemiology 


Many epidemiologic studies have sought to accurately 
identify the number of children in the United States (US) 
with SDB and OSA, as well as to identify the risk factors 
associated with both; however, these figures are highly vari- 
able. In a recent study, 3.2% to 34.5% of parents reported 
that their children snored often to always (1), while 
another notes that approximately 25% of children aged 
3 to 12 years old snore (2). Most population studies indi- 
cate that 1% to 4% of children in the US have OSA (1). 
However, OSA seems to be more prevalent in the male gen- 
der (1), and SDB is strongly associated with low socioeco- 
nomic status. This relationship may simply reflect a higher 
body mass index (BMI) within this subgroup (3). 
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Ethnicity and genetic factors are also associated with 
a higher risk of SDB. Black children in the US are at an 
increased risk of developing OSA when compared to white 
children (4-7). Other studies utilizing validated question- 
naires, polysomnography (PSG), or cephalometric mea- 
surements have verified a higher rate of OSA in black and 
Asian children (8-10). Airway obstruction and OSA may be 
missed in children with craniofacial anomalies unless specif- 
ically addressed as parents may assume that this is “normal” 
for their child. One study showed more than a doubling 
of OSA diagnoses when using a specifically applied sleep 
questionnaire in a group of children with Apert, Crouzon, 
and Pfeiffer syndrome (11). A full list of children at higher 
risk for OSA is presented in Table 139.1. SDB has also been 
associated with specific clinical risk factors including nightly 
snoring, caregiver witnessed apneas, male gender, exposure 
to cigarette smoke, and anatomic factors including adeno- 
tonsillar hypertrophy and obesity (12,13). 


Consequences of OSA 


Over the last decade, studies have sought to identify the 
long-term complications associated with SDB and OSA. 
Behavioral problems that can occur as a result of untreated 
OSA include hyperactivity, attention-deficit disorders, 
aggression, and poor socialization (2). Neurocognitive 
disorders linked to OSA include poor school performance 
and variable learning disorders, such as deficits in memory, 
learning, and problem-solving skills (2). Much of what has 
been learned over the last decade suggests that children 
with OSA are at a much higher risk to suffer from behav- 
ioral, neurocognitive, and emotional difficulties, as well as 
a decrease in quality of life (QOL). In fact, both neuropsy- 
chological behavior and QOL tend to normalize after the 
airway obstruction has resolved (14-16). Besides the host 
of behavioral and neurocognitive disorders, children with 
OSA for prolonged periods can suffer from cardiovascular 
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CONDITIONS CAUSING 
AN INCREASED RISK OF SDB 
AND OSA IN CHILDREN 


TABLE 


139.1 


Syndromic Nonsyndromic 


Apert syndrome 
Beckwith-Wiedemann syndrome 
Crouzon syndrome 

Down syndrome 

Klippel-Feil syndrome 

Pierre Robin sequence 

Pfeiffer syndrome 

Prader Willi syndrome 

Treacher Collins syndrome 


Achondroplasia 

Cerebral palsy 

Choanal atresia 

Cleft palate 

Lymphangioma 

Mucopolysaccharidosis 

Obesity 

Pharyngeal flap patient 

Recurrent respiratory 
papillomatosis 


and pulmonary complications. Elevated systemic blood 
pressure has been found in children with OSA (17-21). 
More importantly, children with elevated blood pres- 
sures are more likely to suffer from hypertension and 
metabolic syndrome as adults (22). Although previous 
studies evaluating the association between primary snor- 
ing and increases in blood pressure in children have been 
somewhat conflicting (23-26), more recent data suggest 
that children with primary snoring have higher nighttime 
blood pressures when compared to those control patients 
without snoring (27). Further, a dose-response relation- 
ship exists between SDB and the severity of blood pressures 
in children (27). Although not fully understood, clear risks 
exist for those children with prolonged SDB. 


DIAGNOSIS 
History 


The American Academy of Pediatrics (AAP) first recom- 
mended universal screening for snoring in 2002 (28). 
Although a PSG remains the most commonly recom- 
mended method for diagnosing SDB, a comprehensive 
“sleep history” is a vital clinical tool for evaluating the pres- 
ence of SDB in children. This history, more often provided 
by caregivers, should include information about nightly 
hours of sleep, sleep hygiene, sleep latency, abnormal sleep 
behaviors, the presence and character of snoring, daytime 
behavior (including hypersomnia), behavioral disorders, 
and school performance. It is also important to understand 
napping behavior of children with suspected SDB. 

Parents and caregivers routinely report witnessing 
nightly snoring, apneas, choking or gasping, increased work 
of breathing, hyperextension of the neck, restless sleep and 
night sweats, nocturnal enuresis, and parasomnias (Table 
139.2). Commonly witnessed parasomnias include con- 
fusional arousals, sleep walking, and night/sleep terrors; 
however, the presence of these symptoms does not nec- 
essarily correlate with the presence of SDB in children. 
Caregivers may also report daytime symptoms including 
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FREQUENTLY WITNESSED 
SIGNS AND SYMPTOMS OF 
OSA IN CHILDREN 


TABLE 


139.2 


Daytime Symptoms Nighttime Symptoms 


Open-mouth breathing 
Frequent nasal obstruction 
Hyperactive behavior 
Aggressive behavior 
Attention deficit disorder 
Poor school performance 


Frequent loud snoring 

Gasping or choking 

Frequent nighttime sweating 

Witnessed apneas 

Paradoxical breathing 

Frequent position changes/restless 
sleep 

Hyperextension of the neck 

Nocturnal enuresis 


Daytime somnolence 


frequent mouth-breathing, chronic nasal obstruction, poor 
school performance, hyperactive behavior or attention 
deficit disorder, aggression, and less frequently, daytime 
somnolence (Table 139.2). Although hypersomnolence is 
present in some children with OSA, it is more commonly 
seen in adolescent and adult patients. For children with 
hypertrophic tonsils, caregivers may also report eating hab- 
its including avoidance of bulky foods such as meat. 

While sleep questionnaires can be used in the office as 
a screening tool to identify children most at risk of hav- 
ing OSA and to acquire information about common symp- 
toms associated with SDB and OSA (29-31), their use as a 
single tool to diagnose OSA has not been supported, thus 
they should only be used as an aid when pursuing a thor- 
ough sleep history. There are limitations to the accuracy of 
these data in differentiating SDB from OSA. In fact, paren- 
tal reporting has been shown to be an inaccurate method 
of diagnosing OSA in children (30), and a recent meta- 
analysis of 12 articles that examined the accuracy of clini- 
cal assessment found that discrimination between primary 
snoring and OSA could not be precisely determined by 
parental reporting alone (32). 


Physical Exam 


Narrowing of the upper airway is the primary reason that 
children develop SDB and OSA. This may be the result of 
multiple factors including anatomic abnormalities, and 
thus, a complete head and neck exam is recommended. 
Identification of the anatomic location of the obstruction 
is necessary to tailor the appropriate treatment, especially 
in those children with multilevel obstruction. 

A systematic approach to the physical examination is 
necessary so that no relevant findings are missed (Table 
139.3). The exam should begin with evaluation of the gen- 
eral appearance of the patient, including height, weight, 
blood pressure, general craniofacial appearance, voice, and 
the presence or absence of mouth breathing. Voice abnor- 
malities can be useful in identification of the location of 
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SYSTEMATIC APPROACH TO THE 
PHYSICAL EXAMINATION IN A 
CHILD WITH OSA 


TABLE 


139.3 


General 
Vital signs including height, weight, blood pressure, BMI, and 
temperature 
General body habitus including obesity 


Head and face 
Abnormal cephalic formation 
Abnormal facies 


Nasal 
External deformity 
Nasal valve function 
Inferior turbinates 
Secondary areas of nasal obstruction 
Rhinorrhea 
Signs of allergic rhinitis 


Oral cavity 
Dentition 
Tongue size and protrusion 
Hard and soft palate 
Uvula and posterior pharyngeal wall 
Tonsil grade 
Modified Mallampati score 


Neck 
Neck size, including circumference 
Hyoid position, including submental-to-hyoid distance 
Tracheal position 


Systemic 
Chest/lung exam including abnormal auscultation 
Cardiovascular examination 
Chest wall abnormalities 


pathology. For example, a hyponasal voice can suggest 
enlarged adenoids, while a muffled voice can result from 
tonsillar hypertrophy. Care should be taken to perform a 
thorough cardiovascular exam including auscultation for 
any murmurs. Systemic findings including failure to thrive, 
cor pulmonale, and pectus excavatum should be considered 
(33). Special consideration is given to obesity and body 
habitus, especially in the adolescent patient. Finally, genetic 
and syndromal dysmorphisms should also be noted. 

At the start of the exam, an overall assessment of head 
and neck shape and proportions should be performed. For 
example, midface hypoplasia is seen in Down syndrome 
and Crouzon syndrome, whereas mandibular hypoplasia is 
often seen in children with Treacher Collins or Pierre Robin 
sequence. Extensive cervical adipose tissue and increased 
neck circumference may be seen in children with obesity. 
Examination of the nasal cavity should include details regard- 
ing the mucosa, septum, inferior turbinates, nasal valve, and 
presence of polyps or masses. The nasal mucosa may be ery- 
thematous, suggesting chronic inflammation, or dusky, as is 
seen with allergic rhinitis. Anterior rhinoscopy can assist in 
identification of septal deviation and abnormalities of the 
inferior turbinates such as turbinate hypertrophy, contribut- 
ing to nasal obstruction. Often, chronic rhinorrhea is seen 


in children with chronic sinusitis or adenoid hypertrophy. 
Functional nasal valve collapse can be seen in children dur- 
ing deep inspiration through the nose and can contribute 
to obstructed flow through the nasal passages. The presence 
of nasal polyps is rare except in children with cystic fibro- 
sis. Patency of the nasal cavities, information often useful 
in the newborn, can be determined by passing an 8 French 
catheter through the nose and into the oropharynx. Finally, 
nasal endoscopy can be used in children to evaluate mul- 
tiple anomalies of the nasal cavity, such as choanal atresia or 
stenosis, pyriform aperture stenosis, posteriorly positioned 
polyps or masses, or adenoid hypertrophy. 

Examination of the oral cavity and oropharynx is one of 
the most useful portions of the head and neck exam in a 
child with suspected SDB and OSA. The oropharynx, and 
specifically the retropalatal region, is one of the most narrow 
portions of the airway in normal children (34). Initial exam 
should assess for size and position of the mandible and 
dentition, including malocclusion. Tongue size and posi- 
tion, especially macroglossia and glossoptosis, may have a 
significant contribution to SDB if present. Evaluation of the 
palate should include inspection for overt or submucosal 
clefting of the hard and soft palate, a high arched or nar- 
row palate, and palatal masses, as well as presence of a bifid 
uvula. The tonsils are graded based on a four-point scale as 
described by Brodsky et al. (35) (Fig. 139.1): 0 for surgically 
absent tonsils, 1 for tonsils that lie within the anterior and 
posterior pillars, 2 for tonsils seen just beyond the pillars, 
3 for tonsils that reach beyond 50% towards the midline, 
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Figure 139.1 Brodsky grading of tonsil size. Tonsils are graded 
as: Grade 0—surgically absent (A), Grade 1—within the tonsillar 
pillars (B), Grade 2—just to/beyond the tonsillar pillars (C), Grade 
3—beyond the tonsillar pillars, but not to midline (D), and Grade 
4— touching in the midline (E). 
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and 4 for tonsils that “kiss,” or approximate, in the midline. 
An assessment using the modified Mallampati score (36- 
38) can also be performed by evaluating the view of the 
uvula and posterior pharyngeal wall while asking the child 
to open his/her mouth completely while the tongue is in a 
resting position. Scoring is grade I when the entire uvula is 
visible, grade I for a partial view of the uvula, grade III when 
none of the uvula is visible but some of the soft palate is vis- 
ible, and grade IV for a view of the hard palate only. Flexible 
laryngoscopy is recommended in all children under 1 year 
of age with OSA and when further evaluation is needed in 
older children. Flexible laryngoscopy allows direct visualiza- 
tion of the base of tongue, pharyngeal walls, vallecula, epi- 
glottis, hypopharynx, vocal folds, and potentially, a portion 
of the subglottis. This procedure is useful in the evaluation 
of possible laryngomalacia, lingual tonsil hypertrophy, and 
persistent OSA despite previous tonsils and adenoids (T&A), 
and is also useful to document vocal cord mobility and to 
rule out pharyngeal/hypopharyngeal masses. 


Additional Studies 


Lateral neck films can be used in children that do not toler- 
ate nasopharyngoscopy or flexible laryngoscopy. This film is 
most commonly used to identify adenoidal size but can also 
identify structural abnormalities within the nasal cavity, as 
well as lingual tonsil hypertrophy (39). Cine magnetic reso- 
nance imaging (MRI) has been described as a tool for assess- 
ment of the child with persistent sleep apnea despite surgical 
treatment with an adenotonsillectomy (40). In recent years, 
both pediatricians and pediatric otolaryngologists have 
deferred the use of airway fluoroscopy and computed tomog- 
raphy (CI) unless absolutely necessary, given the long-term 
risks of early radiation exposure. In those patients with a 
higher likelihood of associated cardiovascular complications 
from OSA, such as children with underlying congenital car- 
diac anomalies, electrocardiograms and echocardiograms 
should be considered in the workup of OSA. 


Polysomnography 


Polysomnography (PSG) is currently considered the tradi- 
tional, and preferred, method in the evaluation and diag- 
nosis of OSA in children (28). PSG includes the recovering 
of a number of different simultaneous recordings during 
sleep as noted in Table 139.4 (41). The results of this test 
provide objective measurements regarding the severity of 
airway obstruction in children during sleep. The apnea- 
hypopnea index (AH1J) is obtained by averaging the number 
of apneas and hypopneas per hour of sleep, and this num- 
ber is used to categorize the severity of OSA. Obstructive 
events/apneas in children are defined by continued respira- 
tory effort with an absolute termination of airflow through 
the nose and mouth. A reduction in airflow of 230% to 
50% along with either an arousal or an oxygen desatura- 
tion >3% from the baseline is considered a hypopnea (42). 
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L533) PARAMETERS RECORDED 
sb:t:-3) DURING NOCTURNAL PSG 


Measurement Parameters — Electroencephalography (EEG) 
Electrooculography (EOG) 
Chin electromyography (EMG) 
End tidal CO, 

Leg EMG 

Airflow performance 

Effort parameters 

Oxygen saturation 

Body position 

REM vs. non-REM sleep 
Apnea-hypopnea index (AHI) 
Respiratory disturbance index (RDI) 
Peak-end tidal CO, 

Time with CO, > 50 


Polysomnography Output 


In addition, the definition of flow limitation of apnea in 
children only requires an event to last for two or more 
consecutive breathing cycles, versus the 10-second criteria 
necessary for adults (42). Similar to adult evaluation, mul- 
tiple series have demonstrated that the test-retest reliabil- 
ity, comparing multiple nights of PSG in the same child, 
is consistent and that PSG serves as a valid test for OSA in 
children (43-46). 

The categories for OSA in adults are well-established; 
however, a standard definition of SDB disease severity 
does not exist for pediatric OSA, thus study interpreta- 
tion may differ in their criteria used for mild, moderate, 
or severe OSA. One series that evaluated nonsnoring chil- 
dren defined a normal PSG as <1 obstructive apnea per 
hour, <0.9 central apneas per hour, an oxygen saturation 
nadir of 89% or higher, and an end tidal CO, greater than 
45 mm Hg for 10% of the total sleep time (47). Current 
research definitions for OSA commonly define mild OSA 
when obstructive AHI is between 1 and less than 5 events 
per hour, moderate OSA if the AHI is 5 to less than 10, and 
severe OSA when the AHI is greater than 10. 

While the use of PSG to diagnose OSA is widely accepted 
for adults, some controversy exists regarding the use of 
PSG in the diagnosis of pediatric OSA. It is not universally 
accepted that all otherwise healthy children with suspicion 
of OSA should undergo PSG. Issues include the fact that 
there are not enough sleep centers to test children in a rea- 
sonable time frame and that many sleep centers are not 
designed to accommodate children (i.e., with extra beds for 
caregivers, CO, monitoring, and staff specifically trained to 
work with children). If the PSG for a child is done in an 
“adult” sleep center, it is important to confirm that pediat- 
ric definitions are used in the scoring of the study. The extra 
cost and time to obtain a sleep study is questioned if ade- 
notonsillectomy is planned, regardless of the PSG result. 

Two recent guidelines were published in 2011 to address 
some of these issues. The first, by the American Academy of 
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Sleep Medicine (AASM), recommends that PSG is indicated 
when OSA is suggested by clinical assessment, and all chil- 
dren being considered for adenotonsillectomy for OSA 
should undergo PSG (48). These guidelines also recommend 
that PSG be used prior to decannulation in children that 
required tracheostomy placement, be used postoperatively 
in children with symptoms of persistent OSA after adeno- 
tonsillectomy as well as those with moderate to severe pre- 
operative OSA, and those with high risk for persistent disease 
such as those with obesity or craniofacial abnormalities (48). 

Alternatively, practice guidelines released by the 
American Academy of Otolaryngology—Head and Neck 
Surgery (AAO-HNS) recommend that all children with 
obesity, Down syndrome, craniofacial abnormalities, neu- 
romuscular disorders, sickle cell disease, or mucopolysac- 
charidoses be referred for PSG, since these children are 
at the highest risk of having OSA (49). In addition, PSGs 
are recommended in order to determine which otherwise 
healthy children should be admitted after adenotonsillec- 
tomy, specifically those with severe OSA and thus high risk 
for respiratory distress after surgery (50). They also recom- 
mend PSGs when the need for surgery is uncertain or if the 
size of the tonsils found on physical exam does not corre- 
late with the reported symptoms of SDB (49,50). 


TREATMENT OF OSA 


Medical Treatment 


Data on the use of medicine for the treatment of OSA are 
relatively limited. Both nasal and oral steroids have been 
studied for the treatment of snoring and OSA in children. 
In one series looking at OSA in children, the 6-week use of 
nasal steroids caused a mean reduction in the respiratory 
disturbance index (RDI) of 25 children from 11 events per 
hour to 6 events per hour (51). No reduction in symptoms 
or the AHI by PSG was seen when children were treated 
with a short course of oral steroids (52). Leukotriene mod- 
ifiers, such as Montelukast, may be helpful in the treatment 
of enlarged adenoid tissue. One study on children with 
mild OSA showed improvement in hypercarbia, a decrease 
in the AHI, and a reduction in the size of the adenoid tissue 
after a 16-week course of Montelukast (Fig. 139.2) (53). 


Figure 139.2 Lateral neck films showing effects 
of a 16-week treatment of Montelukast on adenoid 
size. (Reprinted from Goldbart AD, Goldman JL, et al. 
Leukotriene modifier therapy for mild sleep-disordered 
breathing in children. Am J Respir Crit Care Med 
2005; 172(3):364-370, Figure 1, with permission.) 


Weight loss has been shown to decrease the severity of 
OSA, particularly in those with mild to moderate disease. 
In those with severe OSA, weight loss by diet and bariatric 
surgery can lead to a decrease in the severity, but not nec- 
essarily a full cure (54,55). Weight loss could also lower 
CPAP requirements, leading to better compliance of the 
positive pressure therapy (56). 


Continuous Positive Airway Pressure 


Positive airway pressure (PAP) has become a commonly 
accepted treatment option for children with OSA in specific 
circumstances. Nasal continuous positive airway pressure 
(CPAP) is effective in treating OSA in children, and it has 
been approved for use in children since 2006. It is primar- 
ily used as an adjunct therapy, especially in children that 
have persistent OSA after adenotonsillectomy, but it is also 
used in patients in whom surgery is contraindicated. CPAP 
is composed of a source for warm humidified air or oxy- 
gen, a generator that creates positive pressure, and a patient 
delivery system (for children with OSA, it is in the form of a 
nasal mask) (57). Ideally, CPAP titration is performed dur- 
ing PSG, with a minimum starting pressure of 4 cm H,O 
and a maximum of 15 cm H,O for children under the age 
of 12 years old (58). The goal of titration is to eliminate 
obstructive events with positive airflow in order to main- 
tain airway patency (58). A large series showed that RDI 
was reduced and oxygen saturation increased in children 
aged 2 to 16 years using CPAP for OSA; however, at least 
30% stopped the use of CPAP in less than 6 months (59). 

As with PSG, there are certain limitations with CPAP 
for the treatment of OSA in children. A national survey 
of sleep centers found that protocols for titration varied 
widely between institutions, and 22% of the centers do not 
utilize written protocols (60). The continued use of CPAP 
also carries with it certain risks. Many children discontinue 
the use of CPAP due to the discomfort of the mask or the 
noise that is created by the machine. Long-term use of the 
mask can also lead to skin defects or potentially harm- 
ful craniofacial abnormalities, with 68% experiencing 
global facial flattening, 37% with maxillary retrusion, and 
48% resulting in damage of the skin (61). 


Pre Post 
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Surgical Treatment 


Adenotonsillectomy 

Adenotonsillectomy is currently the first-line treatment of 
OSA in children. In 2009, approximately 530,000 outpa- 
tient adenotonsillectomies were performed in children in 
the US (62). A meta-analysis from 2006 found that resolu- 
tion of OSA, defined by a postoperative RDI of less than 
1 or less than 5 depending on the study, was achieved in 
83% of cases (63). However, the success rate of an adeno- 
tonsillectomy is variable depending on the patient popula- 
tion and confounding morbidities. For example, children 
with morbid obesity, craniofacial abnormalities, or those 
with syndromes often have difficult-to-treat OSA and have 
incomplete resolution after adenotonsillectomy. A large 
study from 2009 found an overall success rate in curing 
OSA in 66.3% of children treated with adenotonsillec- 
tomy, but cure rates varied widely between complicated 
(39%) versus uncomplicated (74%) children (64). QOL 
measures also seem to be different after an adenotonsillec- 
tomy in obese versus normal-weight children. In a recent 
series, both normal-weight and obese children had overall 
improvements in AHI and QOL, but obese children were 
more likely to have persistent OSA and poor QOL scores 
even after adenotonsillectomy (65). 

Over the years, many methods have been used and 
developed for the removal of the adenoids and ton- 
sils. However, there is no universally preferred method. 
Common methods for performing adenotonsillectomy 
include “cold steel” and electrocautery, but newer tech- 
niques include coblation (Fig. 139.3), Harmonic scalpel 
(Ethicon, Cincinnati, OH), CO, laser, and microdebrider 
intracapsular tonsillectomy (Medtronic, Jacksonville, FL) 
(66). The development of these and other alternate tech- 
niques for adenotonsillectomy have been aimed at reduc- 
ing postoperative pain while minimizing bleeding rates. 

Although adenotonsillectomy is one of the most com- 
mon surgical procedures performed in the US, the rate 
of complications is quite low. Potential operative and 


Figure 139.3 Tonsillectomy as performed with a Coblation wand 
(ArthroCare Corp., Sunnyvale, CA. Reprinted with permission from 
ArthroCare Corp.) 
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postoperative complications include hemorrhage, negative 
reactions to anesthesia, airway complications, electrosur- 
gical fires, nasopharyngeal stenosis, velopharyngeal insuf- 
ficiency (VPI)/incompetence, and atlantoaxial subluxation 
(67). Other common postoperative complications that 
can result in hospitalization include nausea, vomiting, 
and dehydration. A recent series compared postoperative 
complications after microdebrider, coblator, or monopolar 
electrocautery, and major complications, including post- 
tonsillectomy hemorrhage requiring an emergency depart- 
ment visit or surgical intervention, were studied (66). The 
overall major complication rates were 2.8% with coblation, 
3.1% with monopolar electrocautery, and 0.7% with micro- 
debrider (66); however, these results were confounded by 
multiple surgeons performing a number of different tech- 
niques (68). 


Adenoidectomy 
Although adenoidectomy is routinely performed with a ton- 
sillectomy for treatment of OSA in children, some studies 
have looked at the use of adenoidectomy alone for OSA. 
Indications for adenoidectomy alone include instances 
where adenoids are found on either nasopharyngoscopy 
exam or by lateral neck x-ray to be enlarged and causing 
nasal obstruction, but palatine tonsils are not enlarged. 
Studies have shown that clinically significant regrowth of 
the adenoids, with recurrence of obstructive symptoms, is 
rare, occurring in approximately 3% of children (69,70). 
Regrowth is felt to be more common in younger children or 
in cases where “blind” adenoidectomy techniques are used 
with residual adenoid tissue left behind, bulging into the 
posterior choanae (69,71). On the other hand, another retro- 
spective analysis of children who underwent adenoidectomy 
found that 38% of the children who underwent adenoidec- 
tomy alone for obstructive symptoms required subsequent 
surgery (72). These study results must be weighed with the 
risks and benefits of doing both the tonsillectomy and ade- 
noidectomy compared to just the adenoidectomy alone. 
Methods for performing adenoidectomy include curette, 
electrocautery, microdebrider, and coblation, but, simi- 
lar to tonsillectomy, no single method is universally used. 
Postoperative hemorrhage requiring surgical intervention is 
rare and generally only seen with a tonsillectomy, and pain 
associated with adenoidectomy is significantly less than that 
seen with tonsillectomy. Less common, but concerning, 
risks include postoperative VPI, nasopharyngeal stenosis, 
and injury to the soft palate. Many suggest only removal of 
the superior adenoids in children at risk for postoperative 
VPL including those with submucous and overt cleft palates. 


PRE-, PERI-, AND POSTOPERATIVE 
MANAGEMENT 


The preoperative evaluation of any child with OSA should 
include questions about a family or personal history of 
bleeding disorders, easy bruising, excessive bleeding during 
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dental procedures, or any problems with anesthesia. If a 
bleeding risk is suspected, a more significant hematologic 
workup should be performed. In a recent study of children 
presenting with post-tonsillectomy bleeding, 19% of the 
children presented with abnormally elevated prothrom- 
bin time, partial thromboplastin time, or platelet function 
assays, and 4% were diagnosed with a coagulopathy (73). 
For those children who have other medical co-morbidities, 
the preoperative evaluation should be tailored to the indi- 
vidual. For example, for children with a higher risk of car- 
diovascular abnormalities/complications, including those 
children with long-term severe OSA, preoperative evalua- 
tion by cardiology, and/or preoperative electrocardiogram 
or an echocardiogram, should be considered. 

Previous guidelines from the American Academy of 
Pediatrics note an increased risk of anesthetic complica- 
tions in children with OSA (28). The AAO-HNS also advo- 
cates for detailed communication between the surgeon 
and anesthesiologist regarding the severity of OSA and 
PSG findings before surgery so that appropriate intraopera- 
tive decision making can be made (49). 

Postoperatively, children with OSA should be closely 
monitored for hypoxemia and hypercarbia as they are at 
greater risk for complications compared to healthy children. 
Due to an increased risk of pulmonary complications, chil- 
dren under the age of 3 years should be monitored overnight 
after adenotonsillectomy (74). The 2002 AAP recommen- 
dations include postoperative admission and observation 
for all children in “at-risk” groups. This includes children 
younger than 3 years; those with severe OSA by preopera- 
tive sleep study, cardiac complications of OSA, failure to 
thrive, obesity, prematurity, recent respiratory infection, 
craniofacial anomalies; and those with neuromuscular dis- 
orders (28). The 2011 AAO-HNS recommendations include 
postoperative observation for children younger than 3 years 
of age and those with severe OSA. These recommendations 
also suggest that children in the “at-risk” groups “may be 
considered” for postoperative admission, with “at-risk” 
groups including those with obesity, neuromuscular or cra- 
niofacial disorders, Down syndrome, mucopolysaccharido- 
ses, and sickle cell disease (75). 

Children should have adequate pain control, either 
with acetaminophen, ibuprofen, or narcotics, although 
studies suggest that children with OSA are more sensitive 
to the respiratory-depressant effects of opioids, and should 
thus be used judiciously (76). 


PERSISTENT OSA DESPITE 
PREVIOUS T&A 


Although traditional teaching suggested that removal of the 
T&A successfully treated OSA and symptoms of upper airway 
obstruction in children who present with large T&A, studies 
now show that this does not occur in a significant percent- 
age of children (63,77-79). Tauman et al. (78) showed that 
in a group of 110 children, only 25% had an AHI of <1 and 


29% of the children still had an AHI greater than 5 after T&A. 
Obrien et al. showed in a group of 69 children, using a defi- 
nition of “success” as an RDI less than 5, that only 77.5% 
had success after T&A. For a subgroup of obese children in 
this study, only 45% had success after surgery (77). Mitchell’s 
results were somewhat better but also found a higher than 
expected failure rate, with 29% of the children in his study 
(n = 79) failing to have an AHI of <1 after T&A surgery. Risk 
factors identified in these studies include obesity, older age at 
the time of surgery, and severe preoperative OSA (79). 

A multicenter study evaluated 560 children who under- 
went T&A for treatment of their sleep apnea. All children 
had preoperative and postoperative sleep studies. After sur- 
gery, only 27% had an AHI of less than 1, and over 21% 
continued to have an AHI greater than 5. Risk factors for 
failure included obesity, age older than 7 years, asthma in 
nonobese children, and more severe sleep apnea preopera- 
tively (80). 

Other populations at risk for continued OSA after T&A 
are those with craniofacial and mandibular anomalies. 
These include children with Pierre Robin sequence, cleft 
palate, Crouzon, Treacher Collins, achondroplasia, as well 
as children with cerebral palsy and genetic disorders such 
as Down syndrome (11,81-83). Merrell et al. showed in 
group of 37 children with Down syndrome who under- 
went T&A for treatment of sleep apnea, with an average age 
of 3.5 years, that only 43% had a normal AHI of <1 after 
surgery. If the persistence of hypoxemia and hypercarbia 
are also included in the evaluation of the postoperative 
sleep study, then only 29% of the children had a normal 
postoperative sleep study (84). Shete et al. (85) showed in 
a study of 11 children with Down syndrome, with an aver- 
age age of 8.4 years, that only 18% had an AHI less than 
2 postoperatively, significantly worse results than those 
seen in a group of nonsyndromic children matched for age, 
BML, and degree of sleep apnea. 


Evaluation of Site of Obstruction in the 
Oropharyngeal Airway 


A PSG continues to be the most commonly used test to 
diagnose residual SDB after T&A. In addition to children 
with known higher risk factors and those with PSG-proven 
OSA preoperatively, PSGs should be considered for any 
child who continues to have persistent snoring, obstructive 
breathing, or oxygen desaturations following T&A (48). 

If OSA is still present despite previous T&A surgery, 
other treatment options must be explored. Although the 
PSG can identify SDB and provide objective data regard- 
ing the severity of the obstruction, it does not identify at 
what level or levels of the airway the obstruction is occur- 
ring. Diagnosing the site(s) of obstruction in children can 
be more difficult compared to adults. The Mueller maneu- 
ver and the various grading systems used in adults, such as 
the Friedman Palate Position Grading system, the Fujita, 
and/or the modified Mallampati scoring methods, are not 
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easily achieved in the pediatric population. Children are 
not always able to fully cooperate, and the oral cavity exam 
is often challenging and rarely consistent (37). The lack of 
sensitivity even for the oral cavity exam in evaluating ton- 
sil size and possible OSA was recently addressed by Nolan 
and Brietzke. Their review assessed the association between 
subjective tonsil size using the 0 to 4+ scale and objective 
PSG data and found little, if any, association between the 
two, stressing the poor reliability of the physical exam in 
the uncooperative pediatric patient (86). In addition, even 
if cooperation is possible, in their critical review of the 
techniques of airway evaluation, Stuck and Mauer point 
out that the sites of obstruction detected in awake patients 
by the Mueller maneuver and these grading systems do not 
always correlate with sites of obstruction during sleep (87). 

There are four anatomic sites where obstruction can 
potentially occur: the nose and nasopharynx, the poste- 
rior oropharynx, the lateral pharyngeal walls, and/or at the 
level of the hypopharynx with obstruction at the base of 
the tongue. 

Persistent nasal airway obstruction may result from a 
deviated nasal septum, enlarged nasal turbinates, or pol- 
ypoid changes. Studies have shown that the use of nasal 
steroid sprays can have a significant improvement in the 
severity of OSA (51). Nasal polyps are less common in 
children, but a proper examination should be done to rule 
these out. The hard palate should also be examined. Since 
the hard palate also represents the floor of the nose, a high 
arched palate may have a significant effect on nasal resis- 
tance and obstruction. Lateral wall collapse of the posterior 
oropharynx has also been shown to contribute to OSA (88). 
Edema of the posterior oropharyngeal wall, lateral banding, 
and/or granular pharyngitis may suggest gastroesophageal 
reflux, contributing to a decrease in the airway size. 

Flexible endoscopy, examining the nasopharynx, pos- 
terior oropharynx, base of tongue, the lingual tonsils, and 
the larynx, can be performed in the office setting or in the 
operative room under light sedation. A study by Revell and 
Clark (89) showed the contribution of “late-onset” laryn- 
gomalacia to persistent OSA after T&A. Whereas the office 
exam does not take into account the collapsibility of the 
airway that occurs with muscle relaxation during sleep, the 
exam in the operating room may be associated with false 
positives because of too much muscle relaxation second- 
ary to the anesthesia (e.g., glossoptosis is common in all 
undergoing general anesthesia). Drug-induced sleep endos- 
copy (DISE) has more routinely been used for evaluation 
in adult patients with OSA; however, recent studies have 
used sleep endoscopy in the evaluation of late-onset laryn- 
gomalacia as a means to determine the collapsibility of the 
airway in pediatric patients (89,90). DISE has also been 
used for airway evaluation during lingual tonsillectomy in 
pediatric patients with OSA (91). Although not prevalent 
in the literature, DISE is becoming a more frequently used 
method to characterize the specific anatomic location and 
pattern of obstruction in pediatric patients with SDB. 
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Yellon has described a staging system for epiglottic and 
base of tongue prolapse using flexible endoscopy. Grade 
0 is normal when the entire supraglottic larynx is visible 
with no base of tongue prolapse. Grade 1 occurs when the 
epiglottis falls against the posterior pharyngeal wall but 
the base of tongue is not pushing up against the epiglottis. 
Grade 2 has both prolapse of the base of tongue and the 
epiglottis together, with only the tip of the epiglottis vis- 
ible. Grade 3 occurs when the base of tongue prolapse is so 
severe that the epiglottis is no longer visible on endoscopic 
exam (92). 

Radiographic studies can also be useful to evalu- 
ate possible sites of obstruction. A lateral neck x-ray 
can show regrowth of the adenoid tissues and identify 
enlarged lingual tonsils (93). Radiographic studies are 
also used for dynamic evaluations of the airway (94-96). 
Videofluoroscopy was initially used, but due to the high 
level of exposure to ionizing radiation and the poor sen- 
sitivity due to overlapping structures seen on the lateral 
views taken for this technique, this is rarely done today. In 
children with craniofacial disorders and bony abnormali- 
ties of the facial skeleton, CT scans offer better bony defini- 
tion. Dynamic cine CIs can also be performed, but due to 
concerns of exposure to high levels of ionizing radiation, 
they are not commonly used (97). 

Cine MRI is increasingly being utilized to provide a 
high-resolution examination of the dynamic airway and 
more accurately identify sites of upper airway obstruction 
in children, without the added risk of radiation exposure. 
It is particularly helpful in evaluation of children with mul- 
tiple sites of obstruction, such as is seen in children and 
adults with Down syndrome and those with craniofacial 
anomalies. Cine images are obtained with mild sedation 
administered by an anesthesiologist such as dexmedetomi- 
dine, an alpha-2 agonist that works similarly to clonidine 
but with a higher sensitivity to the alpha-2 receptors. It 
mimics natural sleep with minimal respiratory depression. 
Other anesthetic agents that have been used include pro- 
pofol, pentobarbs, and midazolam, but these drugs have a 
greater effect on the pharyngeal airway muscle tone (98). 

In the cine MRI, 128 consecutive images are captured 
over 2 minutes during episodes of airway obstruction and/ 
or oxygen desaturation. The images can then be displayed 
in a cine format, creating a real-time “movie” of the air- 
way motion. Dynamic motion of the airway is evaluated in 
three main anatomic locations: the nasopharynx, the oro- 
pharynx, and the hypopharynx (Fig. 139.4) (99). Donnelly 
et al. (100) studied children with and without known OSA 
and found that the frequency and degree (mean change 
in airway diameter) of dynamic motion or collapse were 
statistically greater in the nasopharynx and hypopharynx 
in the patients with OSA. Due to the increased brightness 
of lymphoid tissue compared to surrounding soft tissue 
and muscle on T2-weighted images, the cine MRI clearly 
delineates adenoid regrowth or recurrence as well as lin- 
gual tonsil hypertrophy (Fig. 139.5). Adenoid enlargement 
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Figure 139.4 Sagittal T1-weighted MR demonstrates the ana- 
tomic regions of the supraglottic airway. The hypopharynx is behind 
the epiglottis (large arrows). The nasopharynx is between the soft 
palate and the adenoid tonsils (small arrows). The oropharynx is 
between the tongue base and the posterior oropharyngeal wall 
(arrowheads). (Reprinted from Shott SR, Donnelly LF. Cine magnetic 
resonance imaging: evaluation of persistent airway obstruction 
after tonsil and adenoidectomy in children with Down syndrome. 
Laryngoscope 2004;114(10):1724-1729, Figure 1, with permission.) 


is reported if residual adenoid tissue is greater than 12 mm 
in thickness and if there is intermittent obstruction of 
the posterior nasopharynx seen on the sagittal cine MRIs 
(40). Lingual tonsil hypertrophy has been defined as tissue 
being thicker than 10 mm in diameter and abutting both 
the posterior border of the tongue and the posterior pha- 
ryngeal wall (101). 


Figure 139.5 Due to increased brightness of lymphoid tissue 
compared to surrounding soft tissue and muscle on T2-weighted im- 
ages, the cine MRI also clearly delineates adenoid regrowth (**) or 
recurrence as well as lingual tonsillar hypertrophy (+). 


Unlike endoscopic examination of the airway, cine 
MRI allows for simultaneous assessment of multiple lev- 
els of the airway, identifying both primary and secondary 
sites of obstruction (40). Dynamic sagittal cine sequences 
can demonstrate glossoptosis, with abnormal posterior 
motion of the tongue during sleep (Fig. 139.6). Cine MRI 
axial views of the hypopharynx allow one to characterize 
the pattern of obstruction in either an anterior to poste- 
rior direction or more of a lateral wall movement and col- 
lapse. If there is both anterior—posterior and lateral wall 
collapse, a circumferential pattern of collapse is present 
(Fig. 139.7). 

In a study evaluating 29 children with Down syn- 
drome who had persistent OSA after T&A, cine MRIs were 
used to evaluate for the site(s) of residual obstruction 
(Table 139.5). The base of tongue, with both macroglossia 
and glossoptosis, was the major site of obstruction along 
with recurrent adenoids, each occurring in 63% to 74% of 
the children. Thirty percent of the children had enlarged lin- 
gual tonsils contributing to their airway obstruction (102). 


TREATMENT OF PERSISTENT OSA 
AFTER T&A IN CHILDREN 


Identification of an ideal management plan for children 
with residual OSA after T&A can be difficult as there is no 
specific treatment strategy available that is consistently 
effective. A multidisciplinary approach is often needed that 
includes sleep medicine, otolaryngology, pulmonology, 
and behavioral psychology to help with behavior modifi- 
cation and compliance issues. Many of the surgical inter- 
ventions currently practiced are procedures that have been 
done for many years in adults, but only recently in chil- 
dren, thus there are few outcome studies available. Results 
are frequently reported via parental satisfaction reports 
without objective data, such as that provided by postopera- 
tive sleep studies (78). 


Positive Airway Pressure Therapy 


CPAP therapy continues to be a primary treatment for per- 
sistent OSA after T&A and should be offered if no obvi- 
ous anatomic issue is identified. CPAP has proven to have 
successful therapeutic results if they are used, but unfor- 
tunately compliance is problematic in children, especially 
those with developmental delays or the very young. Finding 
appropriately sized masks can be difficult in younger chil- 
dren, and one study evaluating CPAP compliance in chil- 
dren showed that 30% stopped using within 6 months. For 
those who continued to use it, parents overestimated the 
nightly length of use by 1.8 hours (59). If CPAP is used 
in children, yearly retitration evaluations may be needed. 
One of the more serious adverse effects limiting long-term 
use of this treatment modality in children is the poten- 
tial for craniofacial changes due to the mechanical forces 
applied to the maxilla from the nasal masks (61). 
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Oral appliances are one of the newer advances in the treat- 
ment of pediatric OSA (103). These devices enlarge the 
pharyngeal airway using mechanical forces (104). The 
use of dental appliances to achieve nighttime mandibu- 
lar advancement can be considered in older children who 
have all secondary dentition in place and mild OSA (105). 
Outcome studies on the use of oral appliances have been 
mainly in adults with variable success. Better results are 
seen in those who have mild to moderate OSA, those who 
are thinner, those who have a greater protrusion range, and 
those who have positional apnea (104). Studies have also 
shown a subset of patients who are better able to tolerate 
CPAP with the combined use of an oral appliance (106). 
Although useful for certain patients, these appliances, sim- 
ilar to the masks used for CPAP, can result in craniofacial 
abnormalities due to prolonged mechanical forces to the 
maxilla and mandible. 
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Figure 139.6 Cine MRI con- 
secutive sagittal views showing 
glossoptosis. Arrows show area of 
movement of base of tongue and 
airway collapse (A-D). 


In children with high arched palates and mild residual 
OSA, rapid maxillary expansion or palate expanders are 
another option of treatment. In addition to the increased 
nasal resistance associated with a high arched palate and max- 
illary constriction, there can also be associated alterations in 
tongue posture that contribute to retroglossal airway narrow- 
ing (107). In one study evaluating 14 children undergoing 
rapid maxillary expansion, snoring was reduced and the AHI 
was decreased from a mean average of 5.8 to 1.5 events per 
hour (108). A recent study also showed improvement that 
persisted up to 24 months after treatment (109). 


With the increasing number of young children and ado- 
lescents who are obese, weight loss must also be incor- 
porated in the treatment of children with persistent OSA. 


Figure 139.7 Axial view of cine 
MRI showing circumferential hypo- 
pharyngeal collapse of the airway 
with both lateral wall and ante- 
rior-posterior wall collapse (A,B). 
Arrows show area of collapse (A). 
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CAUSES OF PERSISTENT OSA 
DESPITE PREVIOUS T&A IN 
CHILDREN WITH DOWN SYNDROME 
AS DEPICTED ON STATIC AND 
DYNAMIC CINE MRI 


Causes of Persistent OSA in Children with Down 
Syndrome 


Macroglossia 74% 
Glossoptosis 63% 
Recurrent adenoids 63% 
Enlarged lingual tonsils 30% 
Hypopharyngeal collapse 22% 


From Donnelly LF, Shott SR, et al. Causes of persistent obstructive 
sleep apnea despite previous tonsillectomy and adenoidectomy in 
children with down syndrome as depicted on static and dynamic cine 
MRI. AUR Am J Roentgeno! 2004;183(1):175-181. 


The medical treatment reviewed earlier such as nasal 
steroids and leukotriene inhibitors may also be consid- 
ered in children with residual mild OSA (53). Positional 
therapy, using special shirts, pillows, or belts, is intended to 
keep the child sleeping on his/her side or stomach and has 
been shown to be effective in a subset of patients who have 
positional sleep apnea. Figure 139.8 shows an example of 
a positional belt (110). 


Surgical Treatments 


Patients with moderate to severe OSA will frequently 
obstruct at several levels. The impulse is to therefore address 
multiple sites at a single surgical setting, as has been advo- 
cated in the adult population (111,112). However, a study 
by Prager et al. (113) showed an 8.2% incidence of oropha- 
ryngeal scarring and stenosis in 48 children who under- 
went multilevel surgery that included lingual tonsillectomy 
for OSA in children. Because of this, staged surgeries are 
recommended. In addition, significant improvements in 
airway size can be accomplished with solitary surgical pro- 
cedures, result in augmented airway dynamics, and reduce 
Bernoulli and Starling effects causing collapse at other 
levels (114). 


Figure 139.8 An example of a 
sleep belt to encourage positional 
treatment of OSA. (Reprinted from 
Permut, |, Diaz-Abad M, et al. 
Comparison of positional therapy 
to CPAP in patients with positional 
obstructive sleep apnea. J Clin 
Sleep Med 2010;6(3):238-243, with 
permission.) 


The various anatomic locations of upper airway 
obstruction in pediatric OSA and their recommended surgi- 
cal management are listed in Figure 139.9 (115). All of these 
surgeries have been traditionally performed in adults with 
varying degrees of success that rarely reach above 50% to 
60% for those with moderate and severe OSA. While com- 
plete cure may not be achieved, surgery usually leads to sig- 
nificant improvement in the degree of OSA and may also 
allow for decreased CPAP pressures, facilitating improved 
tolerance and compliance of this treatment modality. 


Nasal Surgery 


Nasal obstruction that is not altered by adenoidectomy, 
such as seen with a deviated nasal septum or enlarged nasal 
turbinates, can contribute to residual OSA. Further, enlarged 
nasal turbinates are especially important as contributors to 
SDB in prepubertal children. If nasal steroid sprays or allergy 
treatment are not effective, surgical treatment using radiofre- 
quency reduction of the inferior turbinates has been shown 
in adults to improve nasal obstruction and CPAP compli- 
ance (116). Sullivan et al. (117) evaluated children with SDB 
and found that children that had enlarged inferior turbinates 
who underwent adenotonsillectomy plus radiofrequency 
treatment of inferior turbinates had a significant decrease 
in postoperative AHI compared to children with enlarged 
turbinates that underwent adenotonsillectomy alone. 
Although nasal obstruction is not always a component of 
airway obstruction and SDB in children, it is an important 
anatomic region that requires appropriate evaluation. 


Uvulopalatopharyngoplasty 

Uvulopalatopharyngoplasty (UPPP) has been used in 
adults with variable success, ranging from 40% to 80% 
(118). Higher success is seen in patients with mild OSA or 
Stage 1 patients using the Friedman scale (119). The tradi- 
tional UPPP includes submucous resection of the muscu- 
lus uvulae and a portion of the distal and lateral soft palate, 
in addition to tonsillectomy with closure of the anterior 
and posterior tonsillar pillars. The concern that aggressive 
removal of the soft palate may lead to increased rates of 
postoperative VPI is elevated in children who may already 
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Source 
Nasal Cavity 


Septal Deviation 
Turbinate Hypertrophy 


Piraform Aperture Stenosis 
Nasopharynx 

Adenoid Hypertrophy 
Choanal Atresia 

Maxillary Hypoplasia 
Orophayrnx 


Tonsillary Hypertrophy 
Soft Palate Redundancy 


Tongue 


Lingual Hypertrophy 


Macroglassia 
Glossoptosis 
Microgenia/retropgnathia 


Procedure 


Septoplasty 


Turbinate Trim 
Radiofrequency Reduction 
Submucosal Ablation 


Piraform Takedown 


Adenoidectomy 
Choanal Atresiaplasty 
Maxillary Advance 


Tonsillectomy 
UPPP 


Lingual Tonsillectomy 


Radiofrequency Volumetric Reduction 
Tongue Base Resection 

Repose Suspension 

Genioglassus Advancement 
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Mandibular Advancement 


Figure 139.9 Various anatomic locations of upper airway obstruction in pediatric OSA and their 
recommended surgical management. (Reprinted from Shott SR, Richter GT. Chapter 8: Oral and 
oropharyngeal obstruction. In: Haver K, Brigger M, Hardy S, Hartnick C, eds. Pediatric aerodigestive 
disorders. San Diego, CA: Plural Publishing, 2009, Figure 8-7, page 127, with permission.) 


be prone to hypernasality, such as those with submucous 
clefts and Down syndrome. In these cases, a more con- 
servative excision of the soft palate, as described in the 
Z-pharyngoplasty procedure by Friedman, may be appro- 
priate (120). If the exam shows more lateral wall collapse 
contributing to the patient’s OSA, the expansion sphinc- 
ter pharyngoplasty, as described by Pang and Woodson, 
should also be considered (88). Some have suggested the 
combined procedures of T&A and UPPP as first-line treat- 
ment for children in “at-risk” populations. However, no 
studies have shown the effectiveness of this approach with 
postoperative PSG data (121-125). 


Lingual Tonsil Surgery 

Enlarged lingual tonsils are a common site of residual 
obstruction in children with persistent OSA after T&A 
(102). Removal was initially performed with electrocautery, 
using an insulated blade and/or suction cautery, but this 
was complicated by significant postoperative pain. The use 
of the microdebrider allows for faster surgery but requires 
the use of electrocautery to control bleeding. On the other 
hand, the use of the coblation technique provides a good 
balance of speed, minimal tissue damage to surround- 
ing areas, the ability to cauterize bleeding with the same 
instrument, and decreased postoperative pain. Lin and 
Koltai (91) reported that lingual tonsillectomy using an 
endoscopic coblation technique decreased the mean RDI 
from 14.7 to 8.1 in 26 patients, aged 3 to 20 years. This 
suggests that while lingual tonsils may be a significant con- 
tributor, other levels of obstruction may remain in children 
with residual OSA. 


Base of Tongue Surgery for Macroglossia and 
Glossoptosis 

As seen in Table 139.5, the tongue base, with associated mac- 
roglossia and glossoptosis, represents one of the most com- 
mon sites of obstruction in children with Down syndrome 
who have persistent OSA despite previous T&A. Procedures 
on the base of tongue strive to either decrease the bulk of the 
tongue tissue or help to immobilize the tongue base in an 
attempt to prevent collapse of the tongue base during sleep. 

The Repose system of genioglossus suspension was 
introduced in 1997. This is a minimally invasive technique 
that provides a supporting sling to the tongue base as a 
treatment for glossoptosis (126-129). Although originally 
described with a transoral approach, a submental incision 
and approach is much more facile in the pediatric popula- 
tion (Fig. 139.10). Wootten and Shott (130) reported their 
experience with the Repose genioglossus advancement in 
31 children, with an average age of 11 years old, in 2010. 
Nineteen of the thirty one patients had Down syndrome. 
Using a “success” definition of a postoperative AHI of less 
than 5, no hypercarbia, and no hypoxemia less than 90%, 
an overall success rate of 61% was achieved. Success was 
higher in the children who did not have DS (66%) com- 
pared to those with DS (58%) (130). 

Another method of genioglossus advancement is the 
midline segmental osteotomy technique (Fig. 139.11). Bone 
cuts through the anterior mandible create a full-thickness 
mandibular segment with attached genioglossus muscle. 
The bone is advanced anteriorly and rotated and then 
secured to the surrounding mandibular bone, applying ante- 
rior traction to the genioglossus muscle. Complications can 
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Figure 139.10 The Repose genioglossus tongue suspension 
applies a sling-type support to the base of the tongue to pre- 
vent hypopharyngeal collapse. (Reprinted from Pang KP, Terris 
D. Tongue suspension in obstructive sleep apnea. Oper Tech 
Otolaryngol-HN Surg 2006;17:252-256, Figure 6, with permission.) 


include hematoma, dental and lower lip numbness, perma- 
nent injury to tooth roots and mental nerve, and infection 
(131). Clinical results in children have not been reported, 
and this surgery can only be done in older children who 
have already had eruption of their secondary teeth. 


5. Genial tubercles 

6. Screws anchor 
bone bloc in place 

7. Periosteum 

8. Mental foramen 


1. Enlarged tongue 
constricting oropharynx 

2. Genioglossus m. 

3. Geniohyoid m. 

4. Mylohyoid m. 


Figure 139.11 Midline osteotomy genioglossus advancement. 
Bone cuts through the anterior mandible create a full-thickness 
mandibular segment with attached genioglossus muscle (A). The 
bone is advanced, pulling the tongue anteriorly (B). The window 
through the anterior mandible is located between the mental fo- 
ramen (C). The bone window is anchored in place with screws (D). 


The midline posterior glossectomy focuses on removal 
of tongue base muscle to decrease tissue volume that is 
obstructing the posterior oropharynx and hypopharynx in 
patients with macroglossia and glossoptosis. Techniques 
include midline wedge resections as well as submucosal 
excisions. Mickelson and Rosenthal (132) describe removal 
of a wedge of posterior tongue mucosa and muscle from 
1 cm anterior to the posterior circumvallate papilla to the 
base of the epiglottis. 

Because of the prolonged recovery associated with the 
open wound created by the wedge excision technique, 
submucosal excision of the tongue musculature has been 
described. Coblation excision is used in either open or 
closed techniques. For the open midline posterior glossec- 
tomy, mucosal flaps are raised after making a midline inci- 
sion, and underlying muscle is then removed (Fig. 139.12). 
Dissection continues posteriorly into the vallecula. The 
mucosal incision is then closed anteriorly. Because the 
incision is closed, there is less pain than what is seen with 
the wedge resection technique. 

A closed, submucosal posterior excision of the base of 
tongue has also been described. In the submucosal mini- 
mally invasive lingual excision, or “SMILE” procedure, 


Figure 139.12 Midline posterior glossectomy: mucosal flaps 
are raised and posterior tongue muscle is removed with coblation 
wand using location of lingual arteries as margins of dissection. 
(Reprinted from Shott SR, Richter GT. Chapter 8: Oral and oro- 
pharyngeal obstruction. In: Haver K, Brigger M, Hardy S, Hartnick 
C, eds. Pediatric aerodigestive disorders. San Diego, CA: Plural 
Publishing, 2009, Figure 8-13, page 136, with permission.) 
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a midline incision is made on tongue dorsum, and a 
submucosal tunnel is made as the tongue muscle tissue is 
removed (133). 

In both of these techniques, Doppler ultrasound is 
helpful to locate the lingual arteries on both sides of the 
midline of the tongue, providing margins for surgical 
safety from the more laterally sitting hypoglossal nerve. In 
adults, a reduction in AHI by 50% has been reported with 
the midline posterior glossectomy (134). Clinical studies 
in children are just starting to become available. Clark et 
al. (135) presented their initial experience with posterior 
midline glossectomy for treatment of macroglossia/glos- 
soptosis at the Annual Meeting of the American Society of 
Pediatric Otolaryngology in 2011. In 22 patients, the suc- 
cess rate was 59%. Rare but reported complications include 
dysphagia, taste disturbances, and minor bleeding (136). 
Bleeding from the lingual artery, as well as the potential 
for hypoglossal nerve damage, should also be discussed as 
potential risk factors (137). 


Craniofacial Surgery 

In children with significant craniofacial anomalies, cranio- 
facial surgery with mandibular and/or maxillary advance- 
ment surgery may be recommended as the primary surgical 
treatment. 


Tracheotomy 

In children with severe OSA, particularly those with associ- 
ated complications of OSA such as pulmonary hyperten- 
sion or cor pulmonale, tracheotomy must be considered. 
This may also be advisable in those with severe OSA where 
multilevel, staged surgeries are needed, with a recommen- 
dation to plan decannulation once surgical treatment is 
completed. In addition, OSA in children under 1 year old 
without other obvious anatomic solutions may be best 
treated with a tracheostomy tube. 


CONCLUSION 


Pediatric sleep science continues to develop and evolve while 
the diagnosis and management of OSA in children remain 
routinely debated. Because of this, clinicians must establish 
their own evaluation protocol with the understanding that 
residual OSA after T&A can be a result of obstruction at mul- 
tiple sites. Endoscopic exams and radiologic evaluations, 
such as cine MRI, are helpful to identify the sites of obstruc- 
tion. Alternatively, CPAP and BiPAP remain viable treatment 
options and can be successful, but compliance is difficult to 
achieve in the pediatric population. Despite the technique 
used to manage pediatric OSA, more outcomes research is 
needed, and currently identified surgical outcome limitations 
must be presented to the patients and their families. Lastly, 
because of the changing body size and shape that is inherent 
in the growing child, there is a need for continued vigilance 
for recurrence of the airway obstruction as the child ages. 


Estimates suggest that 1% to 4% of children in the 
United States have OSA with snoring in 3% to 40%. 
OSA is more common in children with obesity, cra- 
niofacial anomalies, black race, and male gender. 
OSA in children commonly presents with poor 
school performance, snoring, daytime behavior 
issues, gasping and choking at night, witnessed 
apneas, and less frequently, daytime sleepiness. 
OSA can also result in hyperactivity, attention-deficit 
disorders, aggression, and poor socialization, and 
long-term complications include cardiovascular and 
pulmonary complications. 

PSG currently remains the gold standard for diag- 
nosing OSA in children. 

The evaluation of a child with suspected OSA 
should include a thorough history, including a 
sleep history, as well as a complete head and neck 
exam. 

Practice Guidelines from the AAO-HNS state that 
PSG is recommended in children when there is a 
discordance in OSA severity and physical exam char- 
acteristics or is suggested by the clinical assessment, 
or in high-risk populations such as those with obe- 
sity, craniofacial abnormalities, sickle cell disease, 
and Down syndrome. 

Adenotonsillectomy is the primary treatment for OSA. 
Additional therapies to treat OSA include oral appli- 
ances, position belts, weight loss, and nasal steroids 
with or without leukotriene inhibitors. 

For those patients in whom surgery is contraindi- 
cated or significant OSA persists after surgery, CPAP 
is an appropriate alternate therapy. 

Persistent OSA occurs in a significant number of 
children despite a previous adenotonsillectomy. 
Children at risk for persistent OSA include those 
with obesity, Down syndrome, and craniofacial 
anomalies. 

Cine MRI is increasingly being utilized as a means 
to provide high-resolution examination of the 
dynamic airway and to identify further sites of 
obstruction in children with persistent OSA. 

No single specific treatment is advocated for persis- 
tent OSA in children, and often a multidisciplinary 
approach is appropriate. 

An array of staged surgeries, including nasal surgery, 
UPPP, lingual tonsil surgery, base of tongue surgery, 
and craniofacial surgery, can be utilized to treat per- 
sistent OSA. 

For children with severe OSA, especially in those 
with complications associated with OSA, a trache- 
otomy may be considered. 
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Development of the Ear 


Michael John Wareing 


The development of the structures necessary for transmis- 
sion of sound information from the environment to the 
auditory cortex is a complex and interwoven process. An 
understanding of the major developmental steps and their 
interrelations is desirable because therein lies the key to 
understanding many conditions encountered by otolaryn- 
gologists. Awareness of the developmental process alerts 
the surgeon to anatomic associations and explains impor- 
tant departures from normal. 

Abnormal development is important for its clinical 
effects, but it also has a role in unraveling the complexities 
of normal development. The critical period of ear develop- 
ment begins in the third week after fertilization, the inner 
ear appearing first. The inner, middle, and outer portions 
of the ear have different embryologic origins, and develop- 
ment can be arrested at any stage. The result is a range of 
abnormalities from mild to severe. In view of the different 
origins, a disorder in one part does not necessarily signify 
a disorder in another, but proximity in terms of time of 
development, originating tissue, anatomic characteristics, 
and function does mean that multiple malformations are 
possible. The disorders can be caused by an inborn genetic 
error, either inherited or spontaneous, or by a teratogenic 
influence during organogenesis. The tissues of the head 
and neck are derived from all three layers of the embryo— 
ectoderm, mesoderm, and endoderm. The neural crest 
cells play a special role in the head and neck, where they 
constitute most of the skeletal and connective tissue. These 
cells arise from the ectodermal layer at the junction where 
the neural tube begins to fold. All divisions of the ear con- 
tain some neural crest tissue. The mesodermal proportion 
in the head and neck is less than in the rest of the body. 

The story of ear development goes back to the time life 
itself was in its infancy. Fish seem to be the first hearing 
organisms, with development of a hearing organ from 
an internal balance organ. Even at this early evolutionary 
stage, the hair-cell design now so widespread was in use. 
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Both amphibians and reptiles inherited the balance laby- 
rinth of fish but went on to develop auditory labyrinths 
of their own, having branched from the line of fish before 
acquisition of a hearing organ. The need to hear in air 
resulted in development of a conductive apparatus to cor- 
rect the impedance mismatch of sound arriving in air but 
having to be transmitted into the liquid of the labyrinth. 
Mammalian design continued from the basic reptilian 
design with, in particular, the addition of rows of hair cells, 
an independent cochlear nerve, changes in the middle-ear 
conduction system, and protective external auditory canals 
(1). Throughout this chapter, we separate development of 
the ear into its component parts as an aid to understand- 
ing. It is important, however, to remember that these 
changes occurred in a simultaneous manner. An overview 
of ear development is presented in Table 140.1. 


In keeping with its recent evolutionary appearance, the 
auricle of the external ear begins its development later than 
do other components of the ear. From the fifth week of 
gestation, three hillocks arise on the first branchial (man- 
dibular) arch (hillocks 1, 2, and 3) and three arise on the 
second branchial (hyoid) arch (hillocks 4, 5, and 6) on 
either side of the first branchial cleft (Fig. 140.1). Hillocks 
1 and 6 are the first to be identifiable separately, but by the 
sixth week, all are distinct. The lobule also can be identi- 
fied on the second arch. By the eighth week, the auricle has 
an identifiable structure, and the contributions of the hill- 
ocks to the adult form can be recognized: hillock 1, tragus; 
hillock 2, crus helicis; hillock 3, ascending helix; hillock 
4, horizontal helix, upper portion of scapha, and antihe- 
lix; hillock 5, descending helix, middle portion of the sca- 
pha, and antihelix; and hillock 6, antitragus and inferior 
aspect of the helix (2). Although this is the majority view, 
there is uncertainty about the origin of the crus helicis and 
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TABLE 


140.1 


Tubotympanic recess is apparent 


Malleus and incus are identifiable 


Incudomalleolar and incudostape- 


Stapes loses annular form; facial 
nerve runs through middle ear 


Malleus, incus, and stapes begin 


Tympanic cavity begins to open 


Facial nerve makes second genu 


Fetal Age (wk) Outer Ear Middle Ear 
3 
4 EAC begins 
5 Hillocks become evident Ossicles begin to condense in 
mesenchyme 
6 All hillocks are distinct 
as cartilaginous models 
7 
8 Auricle has identifiable 
structure; deep meatus dial joints form 
is apparent as epithelial 
strand 
9 Tympanic membrane has 
trilaminar structure 
10 
11 
12 Tympanic ring begins to ossify 
16 
to ossify 
18 Auricle has adult form 
20 Meatal plug begins to 
disintegrate 
22 Antrum begins to develop 
23 
24 
26 
in adult position 
28 EAC is fully open 
30 Malleus and incus are ossified 
34 


Ossicles lie within open middle 
ear space 
Mastoid air cells begin to develop 


VC, vestibulocochlear; SCC, semicircular canal; EAC, external auditory canal. 


Inner Ear 


Otic placode develops. VC ganglia appear 

Otocyst present 

Otocyst begins to divide into vestibular and 
cochlear areas 

Semicircular canals begin to outpouch; VC 
ganglion divides 

Superior SCC completed. Utricle and saccule 
are present; cochlear duct begins 

Maculae present; sensory ridges in the 
cochlea appear 

Ductus reuniens is identifiable; 1.5 cochlear 
turns; cristae present 

Vacuoles develop in vascular precartilage 
surrounding membranous labyrinth; carti- 
laginous model of otic capsule forms 

Nerve fibers enter sensory epithelium; oval 
window develops 

2.5 cochlear turns 


Hair cells present in cochlea; synaptic 
connections are present 

Otoconial membrane is present; cochlear 
duct changes to triangular shape 

Ossification of the otic capsule begins 


Cochlear duct reaches full length; 
membranous labyrinth is full size 

Tunnel of Corti present at all levels; basal 
turn of cochlea is functional 

Otic capsule ossification is complete 

Perilymphatic space is completed 


ascending helix; some believe that these structures can 
arise from the second arch (3). By approximately 18 weeks’ 
gestation, the auricle has achieved essentially adult form, 
although it continues to grow in childhood with changes 
continuing into late adult life. 


DEVELOPMENTAL ANOMALIES 


A wide spectrum of pinna deformity exists, from anotia, 
in which there is no development, to a small but normally 
formed pinna. Microtia encapsulates the wide spectrum 
between anotia and normality. The superior portion of 
the auricle usually is severely malformed or absent. The 
presence of a deformity of the pinna can indicate further 


defects of the auditory system. Although this is less com- 
mon with some minor deformities, severe cases of microtia 
and anotia are almost always associated with atresia of the 
external auditory canal and defects of the middle ear (see 
later). 

The etiology of auricular abnormalities remains unclear, 
but evidence has implicated both environmental and 
genetic factors. Environmental risk factors for microtia 
are numerous and include anemia, advanced maternal 
or paternal age, male gender, race, and multiple births. In 
addition, mothers with chronic type I diabetes are at sig- 
nificantly higher risk for having children with microtia 
(4). Microtia may also have genetic risk factors, as auto- 
somal recessive and dominant forms of the deformity 


6 Weeks 


with variable expression and incomplete penetrance have 
been reported. More recently, specific genes, such as the 
Gsc homeobox gene and the BMP5 maternal peptide gene, 
have been implicated as possible predisposing genes for 
microtia (5). Auricular abnormalities also are present in 
all the common chromosomal abnormalities, including 
trisomy 13, 18, and 22 as well as chromosomal transloca- 
tions and microdeletions, and thus, are useful markers of 
these conditions. Classification of deformities of the pinna 
and treatment are discussed in Chapters 190 and 191. 


DEVELOPMENT OF THE EXTERNAL 
AND MIDDLE EAR 


External Auditory Canal 


The external auditory canal begins to form in the fourth week 
of gestation (Fig. 140.2). The first branchial cleft, between 
the first and second branchial arches, widens, and the ecto- 
derm proliferates to form a pit, which comes into apposi- 
tion with the endoderm of the first pharyngeal pouch. This 
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Figure 140.1 Development of the auricle. A: 
Six hillocks form on the first and second bran- 
chial arches. All can be identified at 6 weeks’ 
gestation. B: Seven-week stage. C: By 18 weeks, 
the adult form is recognizable. 


pit is the forerunner of the cartilaginous external auditory 
canal. This arrangement is temporary because mesenchymal 
growth separates the cleft and the pouch. The deep portion 
of the external auditory canal is apparent from the eighth 
week of gestation as a strand of epithelial cells running down 
to the disc-shaped precursor of the tympanic membrane (3). 
At approximately 28 weeks’ gestation, this epithelial core has 
canalized from the medial to the lateral aspect to allow com- 
munication with the tympanic membrane. The epithelial 
core is the precursor of the bony external auditory canal. 


Tympanic Membrane 


The tympanic membrane has a trilaminar origin of ecto- 
derm from the floor of the first branchial cleft laterally 
as the epidermal layer, endoderm of the first pharyngeal 
pouch medially as the mucosal layer, and neural crest mes- 
enchyme with cephalic mesoderm interposed as the fibrous 
layer (G). It is almost horizontal initially but gradually tilts 
to lie in the adult position at approximately 3 years of age. 
The bone of the tympanic ring, derived from neural crest 
mesenchyme, begins to ossify at approximately 3 months. 
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Figure 140.2 Development of the middle ear and ear canal. A: 
Week 5. B: Week 10. C: Week 27. 


Middle Ear Cavity 


The cavity and lining of the middle ear and eustachian tube 
develop from the expanding terminal end of the first pha- 
ryngeal pouch with a small contribution from the second 
pharyngeal pouch. This is apparent in the fourth week of 
gestation as the tubotympanic recess, which is positioned 
against the ectoderm of the infolding branchial groove. In 
the fifth and sixth weeks, the mesenchyme between the 
branchial cleft and the developing inner ear has condensa- 
tions destined to become the ossicles. The tympanic cavity 
continues to develop as the continuing expansion of the 
endodermal pouch surrounds the ossicles and their sup- 
porting structures. It remains a slit-like structure until the 
fifth month but begins to expand such that the ossicles lie 
within an open tympanic space by the eighth month (7). 
Continuation of the tympanic cavity from the epitympa- 
num into the antrum begins at 22 weeks and is complete at 
birth. Formation of the mastoid air cell system begins late 
in fetal life, the antrum is present at birth, and continues 


throughout childhood. The pattern and extent of pneuma- 
tization are highly variable. Pneumatization of the petrous 
pyramid, present in 30% of temporal bones, does not 
begin until the third year of life (8). At birth, the mastoid 
tip is not developed but expands through the tractional 
effect of the sternocleidomastoid attachment. 


Ossicles 


The exact origin of the ossicles has long been debated. It 
is certain that the main source is the neural crest mesen- 
chyme of the first and second branchial arches—Meckel 
cartilage (first arch) and Reichert cartilage (second arch). 
The otic capsule has a role in formation of the stapes foot- 
plate (9). Itis generally agreed that the head of the malleus 
and the body and short process of the incus are formed 
from Meckel cartilage and are initially continuous with 
the cartilaginous mandible. The mandibular branch of the 
trigeminal nerve is the nerve of the first arch; thus, it sup- 
plies the tensor tympani muscle, also a derivative of the 
first branchial arch. The long process of the incus, handle 
of the malleus, stapes superstructure, and tympanic surface 
of the stapes footplate are derived from the Reichert carti- 
lage. The facial nerve is the nerve of the second arch; this 
supplies the stapedius muscle. The vestibular surface of the 
footplate is a derivative of the mesoderm of the otic cap- 
sule, as is the anular ligament (3) (Fig. 140.3). 

The malleus and incus are first formed as cartilaginous 
models from the sixth week of gestation. They begin to 
ossify in week 16, and ossification is almost complete by 
week 30. The stapes appears slightly before the malleus and 
incus. It is initially ring shaped and penetrated by the sta- 
pedial artery, the artery of the second arch, which regresses. 
By 10 weeks, the stapes has already started to assume the 
familiar stirrup shape. By the time ossification begins from 
a solitary center at 16 weeks, the structure is a model of the 
future stapes. It is reduced in bulk throughout fetal life to 
develop its slender architectural form. 


Maldevelopment 


The spectrum of abnormal development in congenital 
atresia of the external auditory canal parallels the fact that 
the canal is present, albeit short, then is absent before 
achieving the adult form. In the most severe cases of atre- 
sia, a bony mass replaces the tympanic ring and forms the 
lateral wall of the middle ear cavity, the condyle of the 
mandible lying more posteriorly. In membranous atre- 
sia, which is less common, a fibrous mass replaces the 
external auditory canal. The mildest form of abnormal- 
ity is stenosis of the external auditory canal, common in 
Down syndrome, which can be difficult to diagnose unless 
complications such as proximal cholesteatoma caused by 
trapped debris supervene. Congenital atresia is unilateral 
in 70% of cases (10). 

A further consideration with atresia is the presence of 
coexisting abnormalities of either the pinna or the middle 
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ear. Associated auricular abnormality exists in 94% of cases 
of atresia, and the middle ear is frequently deranged (11), 
in part because all these structures are derived from the 
first two branchial arches and the intervening branchial 
cleft. Consequent are further abnormalities of branchial 
arch derivatives, such as the mandible. Among children 
with microtia or anotia, 20% to 40% have an identifiable 
syndromal malformation, such as hemifacial microsomia, 
Treacher Collins syndrome (mandibulofacial dysostosis), or 
Goldenhar (oculoauriculovertebral) syndrome (5,12). These 
syndromal malformations are discussed in Chapter 86. 
Ossicular abnormalities also encompass a wide spectrum, 
from a rudimentary ossicular mass to minor morphologic 
defects. Middle ear deformities without coexisting outer ear 
defects are unusual, occurring among fewer than 10% of 
children with congenital conductive defects (13). This may, 
however, be an underrepresentation with cases undiagnosed 
or ascribed to acquired causes. The malleus is always fixed to 
a bony atretic plate if present, and incudomalleolar fusion 
or fixation is a common defect. Stapedial abnormalities are 
less common. In particular, the footplate can have normal 
mobility, even with a severe coexisting abnormality, because 
of its separate development from the otic capsule (14). 
Persistent stapedial artery is a condition with an inter- 
esting embryologic background, although only approxi- 
mately 50 cases have been reported worldwide. The 
stapedial artery is the remnant of the second arch artery, 
which courses from the aortic sac to the dorsal aorta. This 
artery regresses at approximately 10 weeks’ gestation, and 
its role is assumed by the precursors of the internal and 
external carotid arteries. When the artery persists, a vessel 
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Figure 140.3 Origin of the ossicles—two inter- 
pretations. 


arises from the internal carotid artery in the hypotympa- 
num, which courses through the crura of the stapes to the 
fallopian canal. It enters the fallopian canal and courses 
forward to the geniculate ganglion and to the dura. If pres- 
ent, a persistent stapedial artery often manifests as a pul- 
satile mass in the middle ear cavity, pulsatile tinnitus, and 
rarely, as conductive hearing loss due to stapes ankylosis. 
The clinical interest is in cases in which middle ear surgery 
has been undertaken to manage presumptive otosclerosis 
or for cochlear implantation, as there is an increased risk 
of bleeding (15). Another condition with an embryologic 
basis is congenital cholesteatoma. This condition is caused 
by failure of atrophy of epidermoid formation in the ante- 
rior mesotympanum. 

Although the inner ear develops separately, there is still 
an approximately 10% incidence of coexisting inner and 
middle-outer ear abnormalities (14). Careful assessment 
of the auditory system is mandatory if one is alerted to 
problems by maldevelopment of the auricle or ear canal 
Classification and management of congenital atresia are 
discussed in Chapter 137. 


DEVELOPMENT OF THE FACIAL NERVE 


The facial nerve is extremely important in surgical anat- 
omy of the ear. The complex course of the nerve is a result 
of development of the structures that surround it. The 
facioacoustic primordium appears in the third week of 
gestation and has split into distinct seventh and eighth 
cranial nerves by the fifth week. The facial nerve supplies 
second arch structures, in particular the muscles of facial 
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expression. There also are secretomotor and special sen- 
sation fibers derived from the nervus intermedius, which 
is distinct by the seventh week. The chorda tympani has 
appeared in the fourth week, running to the first arch, 
before supplying sensation to the anterior two-thirds of 
the tongue. The greater superficial petrosal nerve appears 
in the sixth week. The nerve to the stapedius is identifiable 
by the seventh week (16). The first genu can be considered 
the result of the nerve’s being pushed forward by the devel- 
oping otic capsule. The fallopian canal is derived from the 
mesoderm of the otic capsule. More distally, the fallopian 
canal is formed partly by the Reichert cartilage (9). In the 
10th week, the facial nerve makes its second genu in the 
middle ear, and its relation to the structures of the exter- 
nal and middle ear is far more anterior than in adults. By 
week 26, there is partial closure of the fallopian canal by 
bone, and the nerve has moved posteriorly, coming to lie 
in a position comparable with that in adults. In a man- 
ner similar to its being pushed forward by the otic capsule 
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Figure 140.4 The facial nerve is anterior and 
superficial in atretic ears. 


proximally, the nerve is pulled posteriorly by the growing 
tympanic ring and structures of the posterior tympanum 
and pulled inferiorly by the developing meatus and mas- 
toid system. The facial nerve comes to lie between the tym- 
panic and mastoid portions of the temporal bone. Even at 
birth, the facial nerve, which exits through the superficially 
positioned stylomastoid foramen, is more superficial than 
it is in the final adult position, which is attained by means 
of growth of the mastoid tip. 


Maldevelopment 


In ears with congenital defects of the outer or middle ear, 
the implication of this pattern of development is that the 
facial nerve lies more anteriorly and superficially in the 
lateral temporal bone. Often this means that the expected 
position of a new external meatus is crossed by the facial 
nerve (Fig. 140.4). In atretic ears, the facial nerve is abnor- 
mal in as many as 50% of cases (14). 


Normal 
95° to 120° 


Oval window 
and stapes 


Fused malleus-incus 


Round window 


Some congenital disorders of the stapes are related to 
abnormal development of the facial nerve. Anterior dis- 
placement of the nerve at the 6-week stage can prevent 
the developing stapes from coming into contact with 
the otic capsule; the result is rudimentary formation 
(17). The facial nerve also can divide around the stapes. 
Dehiscence of the fallopian canal is common enough for 
it to be considered a normal variant, present in approxi- 
mately 25% of temporal bones. The most common site 
is above the oval window, although sufficient dehiscence 
to allow prolapse over the oval window is much less 
common. 


DEVELOPMENT OF THE INNER EAR 


Membranous Labyrinth 


The internal ear phylogenetically predates the other com- 
ponents of the ear and is accordingly the first part to 
develop. At the end of the third week of gestation, the otic 
placode can be differentiated on the lateral surface of the 
cephalic end of the embryo as a thickening of ectoderm 
in contact with hindbrain portion of the closing neural 
tube. The neural tube, also derived from ectoderm, is des- 
tined to become the central nervous system. This contact 
is short-lived. By the time the neural tube closes, a layer of 
thin ectoderm separates it from the neural epithelium. The 
placode invaginates itself to become a pit and a closed sac, 
the otocyst or otic vesicle, the precursor of the membra- 
nous labyrinth (Fig. 140.5). Positioned between the sec- 
ond and third branchial arches, it is predictable that the 
otocyst is supplied by the eighth cranial nerve. It migrates 
inward, changing shape and growing dramatically so that 
it achieves adult form by the 10th week and adult size by 
20 weeks (18) (Fig. 140.6). 

The otocyst lengthens more than it widens. The cranial 
portion becomes marked off as the developing endolym- 
phatic duct. The caudal portion is destined to become the 
cochlear duct and the intermediate portion, the utriculo- 
saccular area, is the vestibular precursor. These distinctions 
are discernible in the fifth week of gestation. The vestibular 
portion begins to take shape slightly before the cochlear 
portion, in keeping with its older phylogenetic status. 
From the utricular part of the vestibular pouch, three out- 
pocketings appear, which are converted, through fusion of 
the central epithelium, into semicircular canals. The supe- 
rior canal is completed first, in the sixth week. The poste- 
rior canal is next to be completed, and the lateral canal is 
last. The utricle and saccule start to develop in the sixth 
week and form the utriculosaccular duct. The cochlear duct 
also begins to grow from the saccule in the sixth week with 
recognizable narrowing of the communication; the ductus 
reuniens is visible by the eighth week. The cochlear duct 
grows rapidly, having 1.5 turns at 8 weeks and the full 2.5 
turns at 10 weeks, although it does not reach full length 
until 20 weeks (2). 
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Figure 140.5 A-C: Early development of the inner ear in the 
third and fourth weeks of gestation—formation of the otocyst 
from the otic placode. 


The sensory epithelia of the vestibular system, the three 
cristae and two maculae and the organ of Corti in the 
cochlea, are derived from the ectodermal epithelium of the 
otocyst. These six areas, which initially are close together, 
develop in the wall of the membranous labyrinth (3). 
The maculae develop in the seventh week of gestation by 
means of intense proliferation of the epithelium accompa- 
nied by cell differentiation. The distinctive cells and otoco- 
nial membrane are apparent by week 12. Development of 
the cristae parallels this event; they are distinguishable at 
8 weeks and have reached adult in form at 23 weeks. 

The sensory epithelium of the cochlea begins to 
develop in the seventh week as the duct itself grows and 
begins to coil. Lying on the medial wall, the layers of the 
epithelium organize into two ridges and spiral along the 
length of the cochlea. The supporting cells arise from both 
ridges. The larger inner ridge differentiates into the inner 
hair cells and tectorial membrane. The smaller outer ridge 
differentiates into the outer hair cells (19). Atoh has been 
identified as the earliest hair-cell-specific gene required 
for definitive hair cell development, as Atoh knockout 
mice show no hair-cell differentiation (20). Once dif- 
ferentiation begins, the hair cells become identifiable by 
about week 11, the inner hair cells appearing marginally 
before the outer hair cells at the same position along the 
basilar membrane (7). Hair-cell development is initially 
apparent in the midbasal region of the cochlea and moves 
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Figure 140.6 A-E: Development of the membranous labyrinth from gestational weeks 4 through 9. 


toward the apex, maturation of the base preceding that of 
the apex by 1 to 2 weeks, although the most basal portion 
of the cochlear lags slightly behind the midbasal portion. 
The supporting cells develop in the same direction, and at 
the 21-week stage, the tunnel of Corti is present at all lev- 
els. At approximately this time, the organ of Corti becomes 
functional, at least in its basal turn (2). The shape of the 
cochlear duct starts changing at approximately week 12 
from oval to triangular, the changes first happening in the 
basal turn. The surrounding mesoderm of the osseous lab- 
yrinth participates in this process. The endolymphatic duct 
and sac are the only parts of the inner ear that continue to 
grow into the third trimester. Full size is not attained until 
adulthood (21). 


DEVELOPMENT OF INNERVATION 
OF THE MEMBRANOUS LABYRINTH 


The facioacoustic primordium appears in the third week 
of gestation. It does not, however, have a uniform origin. 
The vestibulocochlear ganglia arise from ectoderm of the 
primitive otocyst, having split away from the epithelium 
in the third week. Although destined to innervate differ- 
ent portions of the inner ear, the vestibulocochlear ganglia 
appear to arise from a common site on the otic epithelium. 
The neural crest is a small additional source of supporting 
cells of the ganglion (6). 

From the vestibulocochlear ganglia, fibers grow toward 
their destined target organs, the inductive process driven 


by the target organs and nearby tissues. While the oto- 
cyst is dividing into its vestibular and cochlear portions, 
the vestibulocochlear ganglion divides into a superior 
and an inferior division. The fibers of the superior divi- 
sion pass to innervate the superior and lateral ampul- 
lae of the semicircular canal and the utricle. The inferior 
division sends fibers to the posterior ampulla and the 
saccule. The remaining portion becomes the spiral gan- 
glion of the cochlea (2). As the cochlear duct grows and 
coils, the ganglion follows it to give it its characteristic 
configuration. Recent studies have shown that, while the 
hair cells are the final target for the auditory fibers of the 
spiral ganglion, many other nonsensory tissues that are 
present along the pathway, such as Kolliker organ and 
Schwann cells, may actually provide the earliest guid- 
ance cues and survival molecules needed to direct axon 
growth toward the sensory epithelium. The exact signals 
and molecules that provide this guidance remain unclear, 
but there is significant evidence that neurotrophin-3 (NT3) 
and brain-derived neurotrophic factor (BDNF) may play an 
integral role in the process, as they are required for nor- 
mal innervation of the cochlea (22). Eventually, by about 
the ninth week, auditory nerve fibers grow to enter the 
sensory epithelium, and synaptic connections are iden- 
tifiable as the hair cells begin to differentiate in week 11. 
Although differentiated hair cells are not required to suc- 
cessfully target auditory fibers to the sensory epithelium 
of the cochlea, they do appear necessary for later audi- 
tory circuit assembly, synapse formation, and ultimately, 
auditory neuronal survival (23). Once the hair cells 
differentiate, the inner hair cells are innervated before 
the outer hair cells, afferent innervation precedes effer- 
ent innervation, and the basal turn precedes the apex in 
development (19). 


DEVELOPMENT OF THE OSSEOUS 
LABYRINTH 


The most important aspect of development of the peri- 
lymph-filled osseous labyrinth is a resorptive process in 
the mesoderm that separates the membranous labyrinth 
from the developing bony otic capsule. In the eighth week 
of gestation, the vascular precartilage that surrounds the 
membranous labyrinth develops vacuoles in its structure 
that coalesce to leave the perilymphatic space. This pro- 
cess begins around the utricle and saccule and progresses 
outward from there. The part around the cochlear duct 
destined to be the scala tympani precedes the scala ves- 
tibuli, and development is farther advanced in the basal 
turn than in the apical turn. The perilymphatic space is 
completed by week 24 (9). The origin of the precartilage 
is cephalic mesoderm with a small contribution from 
neural crest cells. The cephalic mesoderm contributes to 
the basilar membrane, Reissner membrane, and the stria 
vascularis, which also has cells derived from the neural 
crest (24,25). 
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DEVELOPMENT OF THE OTIC CAPSULE 


It is remarkable that the bony otic capsule achieves its 
adult size by week 22 of gestation. Arising from cephalic 
mesoderm, a precartilaginous precursor appears in the 
seventh week. From week 8 to week 16, the developing 
labyrinth is surrounded by an enlarging cartilaginous 
model, which ossifies in three layers over 7 weeks from 
a total of 14 centers (8,9). Solidification is completed 
in the early postnatal stage; the petrous (stony) nature 
of the otic capsule results from the compactness of the 
bone of the original ossification centers. The oval (ves- 
tibular) window is formed where the developing stapes 
abuts the cartilaginous model of the otic capsule in the 
ninth week. This section becomes the vestibular surface 
of the footplate. The rim of the footplate and the facing 
rim of the window, derivatives of the otic capsule precur- 
sor, do not turn into bone but remain cartilage; the inter- 
vening tissue becomes the annular ligament. The round 
(tympanic) window forms adjacent to the basal turn of 
the cochlea, where cartilage is not turned into bone but 
is converted into the fibrous tissue of the secondary tym- 
panic membrane. 

The vestibular aqueduct forms around the endolym- 
phatic duct and sac but is late in achieving full ossifica- 
tion (9). The cochlear aqueduct forms in the mesoderm, 
which ossifies to become the otic capsule, and is first 
apparent as an outpouching of the subarachnoid space. 
Progressive ossification causes curving and lengthening 
of the cochlear aqueduct, which has two sections. The 
otic capsule section, which has a narrow cochlear open- 
ing just inside the round window membrane, becomes 
progressively narrower from its appearance in the fourth 
month to the ossification of the otic capsule at week 23. 
The medial petrous apex portion enlarges throughout 
the third trimester, and it is in this section that postna- 
tal elongation of the cochlear aqueduct takes place. The 
length in a newborn infant is 3.5 mm; the average length 
in an adult is 10 mm (26). The internal acoustic meatus 
forms around the vestibulocochlear nerve and internal 
auditory blood vessels as well as the facial nerve. The 
facial nerve, however, is cranial to the eighth nerve, and 
its path is deflected by the growing otic capsule, although 
the bony fallopian canal proximal to the second genu is 
of otic capsule derivation. The adult position of the facial 
nerve in the internal acoustic meatus is in the anterosupe- 
rior quadrant. 


Maldevelopment 


A practical categorization divides inner ear anomalies 
into those affecting the osseous and membranous laby- 
rinth and those affecting the membranous labyrinth 
alone (27). As many as 20% of patients with congeni- 
tal sensorineural hearing loss fall into the first category, 
which can be identified with radiologic techniques 
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U5) CLASSIFICATION OF CONGENITAL 


INNER EAR MALFORMATIONS 


140.2 


Malformations limited to the membranous labyrinth 
Complete membranous labyrinthine dysplasia 
(Bing-Siebenmann) 
Limited membranous labyrinthine dysplasia 
Cochleosaccular dysplasia (Scheibe) 
Cochlear basal turn dysplasia 


Malformations of the osseous and membranous labyrinth 
Complete labyrinthine aplasia (Michel) 
Cochlear anomalies 

Cochlear aplasia 

Cochlear hypoplasia 

Common cavity 

Incomplete partition (Mondini) 
Labyrinthine anomalies 

Semicircular canal dysplasia 

Semicircular canal aplasia 
Aqueductal anomalies 

Enlargement of the vestibular aqueduct 

Enlargement of the cochlear aqueduct 
Internal auditory canal abnormalities 

Narrow internal auditory canal 

Wide internal auditory canal 


From Jackler RK. Congenital malformations of the inner ear. In: 
Cummings CW, Fredrickson JM, Harker LA, et al. Otolaryngology: 
head and neck surgery. St. Louis, MO: Mosby-Year Book, 1993:2576- 
2771, with permission. 


(28,29). In absence of histologic confirmation however, 
accurate categorization ultimately reflects the sensitiv- 
ity of the contemporary imaging modality (30). Inner 
ear abnormalities can be caused by arrested or aberrant 
development (Table 140.2). The variable but frequent 
coexistence of deformities involving the component parts 
of the labyrinth suggests that a number of different fac- 
tors can be involved: The anomaly can be genetically 
predetermined, an insult can occur before the fifth week, 
or the separate portions of the developing system can be 
variably susceptible to teratogenic insult; the contribu- 
tion of a host of genes to the development of the inner 
has been determined using the modern tools of molecu- 
lar genetics and mouse model of deafness (Table 140.3). 

The most common histopathologic finding in congen- 
ital deafness is cochleosaccular dysplasia due to incom- 
plete development of the caudal portion of the otocyst, 
the pars inferior, first described by Scheibe in 1892 (28). 
The organ of Corti typically is partially or completely 
missing, the cochlear duct and saccule are collapsed, and 
the stria vascularis is degenerated. The utricle and semicir- 
cular canals are normal. The normality can be explained 
in part by the earlier development of the vestibular sys- 
tem. Basal turn dysplasia is the mild end of this spectrum. 
Complete membranous labyrinthine dysplasia (Bing- 
Siebenmann) is rare and is the most severe membranous 
abnormality. 


NOTABLE GENES IMPLICATED IN 


TABLE 
140.3 THE DEVELOPMENT OF THE 
‘ INNER EAR 
Structure Genes 
Cochlea TGF-B2, HOXA1, N-myc, Pax2, Ildr1, Tbx, 


Wnt, Lgr5, Six1, Eyal, Sonic hedgehog 
(Shh), Fgf3, Gbx2 

HOXA1, SLC4A11, GRHL2, DAN, Bmp2, 
Bmp4, Dlx, Hmx, Wnt, Msx1, Lmo4, 
Six1, Pax2, Eya1, Otx1, Fgf3, Gbx2, 
Lmx1a, Mafb, Foxg1, Fgfr-2 

DAN, Pax2, Six1, Pds, Foxi1, Fgf3, Mafb, 
Otx2 

NT3, BDNF, GDNF, Neurod1, Sox2, 
Npr2, Shh, TrkB, TrkC, Fgf10 

GDNF, Atoh, Neurog1, Neurod1, Tbx1, 
Math1, Brn-3c, Tekt2, Gfi1, Lmod1, 
Hes/Hey, Eya1, IsK, Jag2, Lfng, Myoé, 
Myo/Za, Tecta 


Vestibular labyrinth 


Endolymphatic sac 
Auditory neurons 


Hair cells 


Human genes—entire gene name is in uppercase letters. 
Mouse genes—first letter capitalized followed by all lowercase letters. 


Most combined membranous-—osseous labyrinth abnor- 
malities appear to be caused by arrested development 
between the fourth and eighth weeks of gestation. The 
appearance of most malformed ears is in accord with the 
stages of labyrinthine development (Fig. 140.7). The most 
severe abnormality, complete aplasia (Michel malforma- 
tion), is extremely rare and presumably is caused by failure 


Normal 3, 


Common 
cavity 
(week 4) 
Cochlear 
aplasia 
(week 5) 
Cochlear 
hypoplasia 
Cochlear (mild) 
hypoplasia (late week 6) 
(severe) 


(early week 6) 


Incomplete 
partition 
(mild) 
Incomplete (week 7) 
partition 
(severe) 
(week 7) 


Figure 140.7 Coronal computed tomographic scan shows 
stages of cochlear maldevelopment. 


of the otic vesicle to develop. Cochlear aplasia, hypoplasia, 
and incomplete partition are a spectrum occurring from 
arrest at gestational weeks 5, 6, and 7. The common cav- 
ity can arise from arrest at 4 weeks or can be caused by 
later aberrant development. Dysplasia of the semicircular 
canals is caused by failure of central epithelial fusion and is 
four times as common as aplasia of the semicircular canals. 
The lateral semicircular canal (LSCC) is most commonly 
affected because it develops later, and lateral dysplasia of 
the semicircular canals can occur as the sole abnormality. 
Approximately 40% of ears with osseous cochlear abnor- 
malities have concomitant abnormalities of the semicircu- 
lar canals (27). Bilateral involvement with osseous inner 
ear deformities is the rule, the same morphologic abnor- 
mality occurring in both ears (27). 

An enlarged vestibular aqueduct is the most common 
radiologically detectable abnormality of the inner ear and 
may be due to acquired or genetic influences (31). The ves- 
tibular duct may be abnormally broad and short due to 
premature arrest of development or as a consequence 
of increased cerebrospinal fluid pressure. As part of the 
genetic Pendred syndrome, large vestibular aqueduct can 
be associated with disturbance of thyroid organification 
resulting from mutations in SLC26A4, a chloride-iodide 
transporter gene (32). In addition, recent studies have also 
linked mutations in KCNJ10, a potassium channel gene, 
and FOXI1, a transcriptional activator of SLC26A4, with 
Pendred syndrome associated with enlarged vestibular 
aqueduct, suggesting that it is a multigenic and complex 
disease (33). 

Whereas the vestibular aqueduct forms around an 
ectodermal structure, the cochlear aqueduct is a sec- 
ondary structure around a mesodermal derivative. 
Developmental aberrations of the otic capsule are 
expected to cause absence of rather than enlargement 
of the cochlear aqueduct. In fact, a recent study examin- 
ing 400 temporal bone CT scans found no patients with 
enlargement of the cochlear aqueduct, suggesting that 
this is an exceedingly rare or even nonexistent malfor- 
mation (34). Absence of the cochlear aqueduct is as yet 
unreported. 

Of all the inner ear structures, the internal auditory 
canal is most variable in size, length, and configuration. 
Absence of bony partition between a large bulbous lat- 
eral end of the canal and the inner ear is associated with 
stapes gusher (DFN3). Due to a mutation in a develop- 
mental transcription factor gene POU3F4, this finding 
contraindicates stapedectomy for congenital stapes fixa- 
tion. A narrow internal auditory canal can indicate failure 
of development of the eighth cranial nerve. If the internal 
auditory canal has a diameter less than 3 mm and there is 
normal facial function, it is likely that only the facial nerve 
is present. This condition is a contraindication to cochlear 
implantation (35). 

The ability to identify maldevelopment of the inner 
ear is dependent on the sensitivity of radiologic imaging 
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and experience of the clinician reviewing the images (36). 
Morphologic abnormalities of the bony labyrinth are iden- 
tified in approximately 20% to 40% of patients with child- 
hood SNHL undergoing temporal bone computerized 
tomography (CT) scan. While the identification of severe 
morphogenetic malformations such as complete laby- 
rinthine aplasia or Michel deformity and common cay- 
ity deformity is not difficult (accounting for only 1% of 
abnormalities), the detection of milder radiologic abnor- 
malities is dependent on the experience of the clinician. 
Nearly one-third of these less severe dysplasias are missed 
by simple visual inspection of the radiologic images. 
Introduction of standardized measurements of inner ear 
structures, such as the dimension of the vestibular aque- 
duct and the internal auditory canal, and more recently, 
the vertical height of the cochlea on coronal scan and of 
the central bony island within the LSCC on axial scan on 
temporal bone CT can complement visual analysis and 
greatly aid in the identification of inner ear malformations 
(Fig. 140.8) (36). 


CONTROL OF EAR DEVELOPMENT 


Molecular-genetic techniques with knockout and mutant 
animals have helped to elucidate the development of the 
ear. Development of both the outer and the middle ear is 
controlled by genes that affect first and second branchial 
arch identity as well as hindbrain segmentation and identity. 
Genetic defects range from the complete absence of struc- 
tural elements to hypomorphism or duplication. The HoxA2 
gene, which is a type of developmentally critical homeobox 
gene, is expressed by neural crest cells that populate the first 
and second branchial arch and encodes a transcription fac- 
tor that appears to be critical for the development of the 
external and middle ear. In fact, HoxA2 knockout mice have 
been shown to have abnormal ear phenotypes, including 
transformations of middle ear bones and ectopic or dupli- 
cate malleus and incus (37). In addition, PACT, which is 
an RNA-binding protein expressed in the pinna, middle ear, 
and cochlea, may also play a crucial role in the develop- 
ment of the outer and middle ear, but not the inner ear, as 
Pact knockout mice express smaller external auditory canals, 
malformed ossicles, but normal cochlea (38). New cartilage 
elements can also arise from genetic defects. The pheno- 
types are not neatly arranged by branchial arch, reflecting 
functional redundancy in the system. 

Invagination and inward movement of the otocyst are 
under control of external tissue interactions, particularly 
the hindbrain. Information from knockouts and mutants 
shows that the genes that control hindbrain segmentation, 
especially rhombomeres 5 and 6, and genes expressed in 
neural crest cells influence inner ear development. The 
inner ear consequently has an indirect requirement for 
neural genes also expressed in ear tissue. Absence of these 
genes can cause dramatic changes in inner ear develop- 
ment. For example, inactivation of the transcription factor 
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Figure 140.8 A,B: Routine measurement of 
the cochlear height on coronal scan and the axial 
measurement of the bony island of the lateral 
semicircular canal on CT of the temporal bone 
will complement visual analysis and greatly aid 
in the identification of inner ear malformations. B 


gene Hoxal results in the complete absence or severe 
reduction in rhombomere 5 and produces a primitive cys- 
tic inner ear with defects of the semicircular canals and 
the cochlea. Furthermore, the transcription factor Pax2 
also appears to be essential for inner ear development, 
as Pax2 knockout mice have been shown to often lack a 
distinct saccule and have a fused endolymphatic duct and 
common crus. And although a rudimentary cochlea is 
always present in Pax2 knockout mice, the organ of Corti 
is often absent and the formation of the spiral ganglion 
is frequently delayed or truncated (39). Recent studies 


have even shown that the proto-oncogene N-myc may also 
play an integral role in the growth, morphogenesis, and 
patterning of the inner ear. For example, N-myc knockout 
mice frequently show fusion of the cochlea with the sac- 
culus and utriculus, stunted growth of the cochlea, and 
absence of the LSCC (40). The LSCC seems particularly 
sensitive to genetic perturbations, which is in accord with 
it being the most commonly abnormal semicircular canal. 
The various structural elements of the otic vesicle are 
under independent genetic control for specification, mor- 
phogenesis, or both (41). 


The auricle develops from six ectodermal hillocks 
arising from the first and second branchial arches. 
Most of the adult pinna is of second arch origin. 
The ectoderm of the first branchial cleft forms the 
external auditory canal. The cartilaginous canal 
forms first and the bony canal later, from medial to 
lateral, at 28 weeks. The outer layer of the tympanic 
membrane is derived from this source. 

The tympanic cavity is derived from the first pharyn- 
geal pouch and develops from the fourth week of 
gestation. It remains a slit-like structure as the endo- 
dermal pouch surrounds the ossicles and their sup- 
ports to the fifth month and expands so the ossicles 
lie in a cavity in the eighth month. 

The ossicles develop from the neural crest mes- 
enchyme of the first and second branchial arches, 
except for the vestibular surface of the footplate and 
the annular ligament, which arise from the meso- 
derm of the otic capsule. 

The facial nerve only comes to lie in its adult posi- 
tion late in fetal life. It consequently is anterior and 
superficial in ears with congenital malformations of 
the middle or outer ear. 

The membranous labyrinth develops from the 
otic placode. It invaginates to become the otocyst, 
subdivides into vestibular and cochlear compart- 
ments, and grows and dramatically changes shape 
to achieve adult form at 10 weeks and adult size at 
20 weeks of gestation. 

The organ of Corti becomes functional in its basal 
turn at approximately 20 to 24 weeks. 

The vestibulocochlear ganglia are derived from the 
otic placode. They innervate six areas of neuroepi- 
thelial ectoderm on the wall of the membranous 
labyrinth that become the three cristae, two macu- 
lae, and the spiral organ of Corti. 

The perilymphatic space forms by means of resorp- 
tion of precartilage from week 8 to week 24. The car- 
tilage model of the bony otic capsule ossifies from 
14 centers between week 16 and week 23. It is adult 
size at 22 weeks. 

Congenital inner ear abnormalities are divided into 
those affecting the membranous labyrinth alone 
and those affecting both the bony and membra- 
nous labyrinths. The latter appear to be caused by 
arrested development between weeks 4 and 8 of 
gestation. They account for only 20% of cases of 
abnormality but can be diagnosed with imaging 
techniques. 

Molecular-genetic techniques with knockout and 
mutant animals have helped to elucidate the 
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development of the ear. Specific homeobox genes 
and other transcription factors appear to be critical 
for this process. Further research may help to more 
clearly illustrate the roles of these genes and their 
specific contribution to ear development. 
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Anatomy and Physiology 
of Hearing 


Peter C. Weber 


This chapter provides a brief summary of the most basic 
features of the anatomy and physiology of the ear. It is 
divided into sections on the external and middle ear, 
cochlea, and central nervous system (CNS). The focus is 
on the anatomic and physiologic bases of audition with an 
effort directed at functional features. Surgical anatomy, vas- 
culature, and eustachian tube function are not discussed. 


The external ear consists of the pinna (auricle) and the 
external auditory canal (EAC) from the meatus to the tym- 
panic membrane (Fig. 141.1). The pinna of humans is 
composed mostly of cartilage and has no useful muscles. 
The center of the pinna, the concha, leads to the external 
auditory meatus, which is about 2.5 cm long. The lateral 
third of the canal is the cartilaginous portion. It contains 
cerumen-producing glands and hair follicles. The remain- 
ing medial two-thirds is the bony portion, including an 
epithelial lining over the tympanic membrane (1). 

The external ear and the head have a passive but impor- 
tant role in hearing because of their acoustic properties. 
The concha, or bowl of the auricle, has a resonance of 
about 5 kHz, and the irregular surface of the pinna intro- 
duces other resonances and antiresonances. These acous- 
tic features are useful to help differentiate whether sound 
sources are in front of the listener or behind. 

The EAC is essentially a tube that is open at one end 
and closed at the other; thus, the EAC behaves like a quar- 
ter-wave resonator. The resonant frequency (f,) is deter- 
mined by the length of the tube; the curvature of the tube 
is irrelevant. For a tube of 2.5 cm, the resonant frequency is 
approximately 3.5 kHz: 


f, = Velocity of sound @ 350 m/s/(4 x 2.5 cm) 


A flat, wide-band sound measured in a sound field is 
changed considerably by the acoustic properties of the 
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head and external ear. As Figure 141.2 demonstrates, 
a gain of about 15 dB occurs in the 3-kHz range of the 
human, cat, and chinchilla, and 10 dB between 2 and 
5 kHz. The acoustic properties of the external ear are one 
of the reasons noise-induced hearing losses occur first and 
most prominently at the 4-kHz frequency region (boiler- 
maker notch). 

In addition to the prominence of noise-induced hearing 
loss in the 4-kHz region, the acoustic properties of the head 
and external ear have an important role in several hearing 
functions. In localization of sound sources, the head acts 
as an attenuator at frequencies at which the width of the 
head is greater than the wavelength of the sound. Thus 
at frequencies greater than 2 kHz, a head shadow effect 
occurs, in which interaural intensity differences of 5 to 
15 dB are used to localize sound sources. At lower frequen- 
cies, at which the wavelength of the sound is larger than 
the width of the head, little attenuation is provided by the 
head. Interaural time differences (~0.6 ms for sound to 
travel across the head) are the salient cues for localization. 
The head-shadow effect is the reason right-handed hunters 
using rifles and shotguns have larger hearing losses in their 
left ears than in their right ears and vice versa. The muzzle 
of the gun, where the acoustic energy is greatest, is closer 
to the left ear, and the right ear is protected by the head- 
shadow effect. 

The 10- to 15-dB gain provided by the external ear in 
the 3- to 5-kHz region is useful for improving the detec- 
tion and recognition of low-energy, high-frequency sounds 
such as voiceless fricatives. The importance of the acous- 
tic properties of the external ear and head is reflected in 
hearing-aid design and evaluations. Finally, the resonance 
of the external canal is approximately 8 kHz in infants and 
decreases to adult values after approximately 2.5 years of 
age. This developmental feature has several clinical impli- 
cations, especially for sound-field testing and for hearing- 
aid design and evaluation of infants. 
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Figure 141.1 External ear. 


MIDDLE EAR 


The middle ear transmits acoustic energy from the air-filled 
EAC to the fluid-filled cochlea. It functions as an imped- 
ance-matching device inasmuch as it couples the low 
impedance of air to the high impedance of the fluid-filled 
cochlea. The impedance match is achieved in three ways. 
The first and most important factor is that the effective 
vibratory area of the tympanic membrane is approximately 
17 to 20 times greater than the effective vibratory area of 
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Figure 141.2 Ratio of sound pressure measured at the tympanic 
membrane to sound pressure measured in a sound field. Acoustic 
properties of the head, pinna, and external auditory meatus in 
three species (cat, chinchilla, and human). (From Rosowski JH. The 
effects of external and middle ear filters on noise-induced hearing 
loss. J Acoust Soc Am 1991;90:124, with permission.) 


the stapes footplate (Fig. 141.3). A second factor involves 
the lever action of the ossicular chain. The arm of the long 
process of the incus is shorter, by a factor of 1.3, than the 
length of the manubrium and neck of the malleus. A third 
and minor factor is the shape of the tympanic membrane. 
The combined result of these three factors is a pressure gain 
of approximately 25 to 30 dB. The variance in published 
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Figure 141.3 Schematic of ossicular chain and tympanic mem- 
brane shows the differences in area and vibratory pattern of the 
ossicles. (From Relkin EM. Introduction to the analysis of middle 
ear function. In: Jahn HF, Santos-Sacchi J, eds. Physiology of the 
ear. New York: Raven Press, 1988:103, with permission.) 
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measurements of the transformer ratio is noteworthy. With 
the exception of studies of acoustic impedance of the ear, 
most data are from studies of human cadavers, with all of 
their shortcomings, or of animals, usually cats. In addi- 
tion to its role in the transfer of power to the inner ear, the 
tympanic membrane protects the middle ear space from 
foreign material of the ear canal and maintains the air 
cushion that prevents insufflation of foreign material from 
the nasopharynx though the eustachian tube. 

The vibratory behavior of the ossicular chain is described 
in Figure 141.3. The transformer action of the tympanic 
membrane and ossicular chain provides for relatively effi- 
cient transfer of power to the inner ear, and the fidelity of 
sound transmission across the middle ear is outstanding. 
Distortion of sound signals does not occur in the middle 
ear, even for input signals with sound levels greater than 
130 dB sound pressure level (SPL). 

The middle ear, including the tympanic membrane, 
ossicular chain with supporting ligaments, and middle 
ear space, can be viewed as a passive mechanical system 
with both mass and compliant elements and therefore 
resonant properties. This linear system is coupled to the 
cochlea, which contributes a large resistance. The result is 
a middle ear system that is highly damped and linear and 
has a wide frequency response. The input-output function 
or transfer function of the middle ear is shown in Figure 
141.4A. The ratio of the volume velocity of the stapes to 
sound pressure at the tympanic membrane increases in 
humans to approximately 800 to 900 Hz, which is the res- 
onant frequency of the middle ear, and decreases at higher 
frequencies. Phase shift or time lag between movement of 
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Figure 141.4 A: Transfer function of the middle ear in chin- 
chilla, cat, and human. Ordinate is the ratio of the volume veloc- 
ity of the stapes to sound pressure at the tympanic membrane. B: 
Phase shift of stapes footplate in relation to tympanic membrane. 
(From Rosowski JH. The effects of external and middle ear filters 
on noise-induced hearing loss. J Acoust Soc Am 1991;90:124, with 
permission.) 
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Figure 141.5 Efficiency of the transfer of power through the 
middle ear. For all species shown, less than half the power that 
enters the middle ear actually reaches the cochlea. Energy loss is 
caused by absorption by the tympanic membrane, ossicular liga- 
ments, and middle ear. (From Rosowski JH. The effects of external 
and middle ear filters on noise-induced hearing loss. J Acoust Soc 
Am 1991;90:124, with permission.) 


the tympanic membrane and the stapes generally increases 
with frequency (Fig. 141.4B). Although the middle ear is 
an impressive system in terms of frequency response, lin- 
earity, and transformer properties, considerably less than 
half of the power entering the middle ear actually reaches 
the cochlea because of the absorption of energy by the 
ligaments and middle ear. As shown in Figure 141.5, the 
human middle ear is particularly inefficient at frequencies 
greater than 2 kHz, especially in comparison with the ears 
of cats and chinchillas. It also is important to recall that a 
50% loss of power is a loss of only 3 cB. 

Auditory function is profoundly affected by cochlear 
impedance as well as the combined acoustic effects of the 
head, external ear, and middle ear. The combined effects 
of the acoustic properties of the head, external ear, and 
middle ear, as well the input impedance of the cochlea, 
have a profound effect on auditory function. For exam- 
ple, these factors determine the shape of the audibility 
curve and therefore the frequency range of human hear- 
ing (Fig. 141.6). For example, humans do not detect and 
recognize sounds greater than approximately 20 kHz 
because such high-frequency sounds are not transmitted 
efficiently through the middle ear to the cochlea. A sec- 
ond example of this sound transformation is shown in 
Figure 141.7, in which the spectrum of a cannon measured 
in a sound field is compared with the spectrum by the time 
it is transformed and shaped by the acoustic properties of 
the external ear, head, middle ear, and input impedance 
of the cochlea. Low-frequency energy is not transmitted to 
the cochlea, and the frequency region of greatest energy 
concentration is 3 to 4 kHz. Thus, these acoustic proper- 
ties are primarily responsible for the ability of intense low- 
frequency sounds (measured in a sound field) to produce 
high-frequency hearing losses and injuries in the basal 
region of the cochlea. 

Two striated muscles, the tensor tympani and the stape- 
dius, are located in the middle ear. The former attaches to 
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Figure 141.6 Comparison between over- 
all outer and middle ear transfer function 
(circles, lower curve) and median threshold of 
audibility. (From Zwislocki JJ. The role of the 
external and middle ear in sound transmission. 
In: Turner D, ed. The nervous system, human 
communication and its disorders. Vol 3. New | 
York: Raven Press, 1975:45, with permission.) 
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the malleus and is innervated by the trigeminal nerve. The 
stapedius muscle attaches to the stapes and is innervated by 
the stapedial branch of the facial nerve. Noticeably the sta- 
pedius and tensor tympani muscles are the smallest striated 
muscles in the body and also have a high innervation ratio, 
that is, nerve fibers per muscle fiber. Although no question 
remains that contraction of these muscles affects sound 
transmission through the middle ear, the details of the 
effect and the extent of the influence of the middle ear mus- 
cles are still not fully understood. A number of disparate 
functions have been attributed to the middle ear muscles. 
One function of the middle ear muscles is to protect 
the cochlea from loud sounds (2). When sounds louder 
than approximately 80 dB SPL are presented monaurally 
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Figure 141.7 A comparison of the relative power spectra of 
impulses produced by a cannon and measured in a free field with 
the power that actually reaches the cochlea of a cat. (From Rosowski 
JH. The effects of external and middle ear filters on noise-induced 
hearing loss. J Acoust Soc Am 1991;90:124, with permission.) 
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or binaurally, consensual (bilateral) reflex contraction of 
the stapedius muscle occurs. This contraction increases 
the stiffness of the ossicular chain and tympanic mem- 
brane, attenuating sounds less than approximately 2 kHz. 
Although the tensor tympani contracts as part of a startle 
response, acoustic reflex data from human subjects with 
neurologic involvement of cranial nerves V and VII sug- 
gest that the tensor tympani does not normally respond 
to intense acoustic stimulation. Laboratory and field stud- 
ies of noise-induced hearing loss have shown convincingly 
that the stapedial reflex protects the cochlea, particularly 
from low-frequency (<2 kHz) sounds in excess of 90 dB. 
Inasmuch as the latency of the acoustic reflex is greater 
than 10 ms, the cochlea may be unprotected from short- 
duration, unanticipated impulsive sounds. 

The following functions have been attributed to the 
middle-ear muscles. Some of these functions include pro- 
viding strength and rigidity to the ossicular chain; contrib- 
uting to the blood supply of the ossicular chain; reducing 
physiologic noise caused by chewing and vocalization; 
improving the signal-to-noise ratio for high-frequency 
signals, especially high-frequency speech sounds such as 
voiceless fricatives, by means of attenuating high-level, 
low-frequency background noise; functioning as an auto- 
matic gain control and increasing the dynamic range of 
the ear; and smoothing out irregularities in the middle-ear 
transfer function. 


COCHLEA 


The human cochlea is a coiled, bony tube approximately 
35 mm long, divided into the scala vestibuli, scala media, 
and scala tympani (Fig. 141.8). The scalae vestibuli and 
tympani contain perilymph, an extracellular fluid-like 
material with a potassium concentration of 4 mEq/L and 
a sodium concentration of 139 mEq/L. The scala media 
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Figure 141.8 Midmodiolar view of cochlear duct. (Redrawn from Hawkins JE Jr. Hearing: anat- 
omy and acoustics. In: Best C, Taylor NB, eds. The physiological basis of medical practice, 8th ed. 
Baltimore, MD: Williams & Wilkins, 1966:347, with permission.) 


is bounded by the Reissner membrane, the basilar mem- 
brane and osseous spiral lamina, and the lateral wall. It 
contains endolymph, an intracellular-like fluid with a 
potassium concentration of 144 mEq/L and a sodium 
concentration of 13 mEq/L. The scala media has a posi- 
tive direct current (DC) resting potential of approximately 
80 mV that decreases slightly from the base to apex. This 
endocochlear potential is produced by the heavily vascu- 
larized stria vascularis of the lateral wall of the cochlea. 
The sodium-potassium-adenosine triphosphatase (Na*-K*- 
ATPase) pumps in a number of specialized cells of the stria 
vascularis contribute to this potential (3). 

Acoustic energy enters the cochlea through the piston- 
like action of the stapes footplate on the oval window and 
is coupled directly to the perilymph of the scala vestibuli. 
The perilymph of the scala vestibuli communicates with 
the perilymph of the scala tympani through a small open- 
ing at the apex of the cochlea known as the helicotrema. 
The organ of Corti rests on the basilar membrane and 
osseous spiral lamina (Fig. 141.9). The basilar membrane 
is approximately 0.12 mm wide at the base and increases 
to approximately 0.5 mm at the apex. The major compo- 
nents of the organ of Corti are the outer and inner hair 


cells, supporting cells (Deiters, Hensen, Claudius), tecto- 
rial membrane, and the reticular lamina-cuticular plate 
complex (Fig. 141.10). Supporting cells provide structural 
and metabolic support for the organ of Corti. The phalan- 
geal processes of the Deiters cells form tight cell junctions 
of the reticular lamina. 

Outer and inner hair cells of the organ of Corti are 
important in transduction of the mechanical (acoustic) 
energy into electrical (neural) energy. Outer hair cells 
are radically different from inner hair cells. Figure 141.11 
and Table 141.1 detail these differences (4). In addition 
to the morphologic differences between outer and inner 
hair cells, neural innervation is different (Fig. 141.12). 
The spiral ganglion, the cell body of the auditory nerve, 
sends axons to the cochlear nucleus of the brainstem, 
whereas the dendrite projects through the osseous spiral 
lamina. Of the 50,000 neurons that innervate the cochlea, 
90% to 95% synapse directly on inner hair cells. These are 
called type I neurons. Each inner hair cell is innervated by 
approximately 15 to 20 type I neurons. In contrast, 5% to 
10% of the 50,0000 neurons innervate the outer hair cells 
(type II neurons). Each type II neuron branches to inner- 
vate approximately 10 outer hair cells. In addition to the 
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Figure 141.9 A: The organ of Corti of a cat in conven- | 


tional midmodiolar section. Both sensory cells and sup- 
porting elements are evident. B: Photograph obtained 
through scanning electron microscope shows a corre- 
sponding specimen from a guinea pig. The inner hair cell 
(IHC) and three rows of outer hair cells (1, 2, 3) are visible. 
BM, basilar membrane; TM, tectorial membrane. (From 
Bredberg G, Ades W, Engstrom H. Scanning EM of the 
normal and pathologically altered organ of Corti: inner 
ear studies. Acta Otolaryngol (Stockh) 1972;301(suppl):48, 
with permission.) 


afferent innervation pattern of the cochlea, approximately 
1,800 efferent fibers, originating from the ipsilateral and 
contralateral superior olivary complex, project to the 
cochlea (Fig. 141.13). 

Transduction is initiated by displacement of the basilar 
membrane in response to displacement of the stapes due 
to acoustic energy. The displacement pattern of the basilar 
membrane is a traveling wave (Fig. 141.14). The basilar 
membrane is stiffer at the base than in the apex. The stiff- 
ness component is distributed continuously. Therefore, 
the traveling wave always progresses from the base to 
apex. The maximal amplitude of basilar membrane dis- 
placement varies as a function of stimulus frequency. 
Traveling waves produced by high-frequency sounds (10 
kHz) have maximal displacement near the base of the 
cochlea, whereas the waves to low-frequency sounds 
(125 Hz) have the maximum toward the apical region. 
Traveling waves generated by high-frequency sounds do 
not reach the apical regain of the cochlea, whereas waves 
to low-frequency sounds can travel the entire length of the 
basilar membrane. 


Yas 


In the past, the mechanical traveling wave was consid- 
ered a broadly tuned response, with finer tuning introduced 
subsequently by transduction, the auditory nerve, and the 
CNS. Data obtained with sensitive recording and detection 
methods, however, have shown that the traveling wave has 
an extremely sharply tuned response (Fig. 141.15) and that 
many of the remarkable frequency-selective abilities of the 
ear can be explained by the mechanical properties of the 
cochlea. 

The mechanism by which the sharply tuned peak is 
generated within the mechanical traveling wave involves 
an enhancement known as the cochlear modifier. This is an 
activity of the outer hair cells that enhances the motion 
of the basilar membrane at frequencies near the best fre- 
quency of the particular cochlear location. This enhance- 
ment contributes to the fine frequency-selective abilities of 
the ear and to the sensitivity of the ear and ability to detect 
extremely faint sounds. The notion of an active process 
in the cochlea, the cochlear amplifier, is supported by the 
phenomenon of otoacoustic emissions. That is, when a short- 
duration signal is presented to the ear, an echo emanating 


Figure 141.10 Scanning electron micrograph shows 
upper surface of organ of Corti with tectorial membrane 
removed. Modiolus is toward the top. Three rows of outer 
hair cells (1, 2, 3) with their characteristic V- or W-arranged 
stereocilia and a single row of inner hair cells (IHC) with 
slightly curved rows of stereocilia are visible. Inner and 
outer hair cells are separated by heads of pillar cells (P). 
Phalangeal processes of third row of Deiters cells (DC) are 
visible because Hensen cells have been removed. (From 
Bredberg G, Ades W, Engstrom H. Scanning EM of the 
normal and pathologically altered organ of Corti: inner ear 
studies. Acta Otolaryngol (Stockh) 1972;301(suppl):52, 
with permission.) 


Figure 141.11 Differences in structure, ultrastructure, and innervation between inner (A) and 
outer (B) hair cells. B, Basal body; D, Deiters cells; H, stereocilia; M, mitochondria; MV, microvilli; 
NE1, afferent endings (cochlear nerve); NE2, efferent endings (olivocochlear bundle); Nu, nucleus; 
SC, supporting cells. (From Engstrom H, Ades HW, Hawkins JE Jr. In: Neff WD, ed. Contribution to 
sensory physiology. Vol 1. New York: Academic Press, 1965:67, with permission.) 
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TABLE 


Characteristic 


Number 

Shape 

Stereocilia 
No. of hair cells 
Arrangement 


Attachment to tectorial membrane 
Ultrastructure 
Position of nucleus cell body 
Cytoplasmic organelles 
Presynaptic specializations 
Glycogen content 
Relation to supporting cells 
Afferent innervation 
Ganglion cells 
Number of ganglion cells 
Hair cell-to-ganglion cell ratio 
Efferent innervation 
Source 
Postsynaptic target 


Inner Hair Cells 


3,500 
Flask 


Few 
Three or four rows; rows slightly curved 


None or loosely connected 


Center 

Scattered 

Large 

Low 

Completely surrounded 


Type | 
27,000 
1.8:1 


Lateral superior olivary complex 
Afferent dendrites 


141.1 STRUCTURE AND INNERVATION OF INNER AND OUTER HAIR CELLS 


Outer Hair Cells 


12,000 
Cylindrical 


Many 

Six or seven rows; rows arranged in 
V or W shape 

Longest stereocilia firmly embedded 


Base 

Adjacent to cell membrane 

Small or absent (synaptic bars and vesicles) 
High 

Supported only at surface and base 


Type Il 
2,100 
5.721 


Medial superior olivary complex 
Base of hair cell 


From Neely JG, Dennis JM, Lippe WR. Anatomy of the auditory end organ and neural pathways. In: Cummings CW, ed. Otolaryngology-head and 
neck surgery. St. Louis, MO: Mosby, 1986:2571, with permission. 


from the cochlea can be recorded in the external auditory 
meatus. Because the energy of the echo can be greater than 
the energy of the short-duration signal, an active process, 
the cochlear amplifier, is assumed. Factors that may con- 
tribute to the cochlear amplifier include motility of outer 
hair cells and the mechanical properties of the stereocilia 
and tectorial membrane. 

The stereocilia-hair cell complex is critical to transduc- 
tion. Stereocilia are bundles of actin filaments that form 
tubes and are inserted into the cuticular plate. They also are 


Figure 141.12 Schematic view from 
above shows the surface of the organ of 
Corti. The distribution of cochlear nerve 
fibers to inner (IHC) and outer (OHC) hair 
cells is evident. Basal end of cochlea is to- 
ward the right. Most spiral ganglion cells 
(SG) synapse with inner hair cells. Each gan- 
glion cell innervates only one hair cell; many 
ganglion cells contact each hair cell. Only 
approximately 5% of spiral ganglion cells 
innervate outer hair cells. Each fiber travels 
basally for some distance before sending 
branches to several outer hair cells. (From 
Spoendlin H. The afferent innervation of the 
cochlea. In: Naunton RF, Fernandez C, eds. 
Evoked electrical activity in the auditory 
nervous system. New York: Academic Press, 
1978:29, with permission.) 


cross-linked between themselves. Stereocilia of inner hair 
cells probably do not contact the tectorial membrane, but 
those of outer hair cells are in direct contact. Deflection of 
the stereocilia by the traveling wave opens and closes non- 
specific ion channels at the tips of the stereocilia, result- 
ing in a current flow (potassium) into the sensory cell. The 
flow of potassium ions into the sensory cell is modulated 
by the opening and closing of ion channels of the stereo- 
cilia. The potassium flux is caused by the endocochlear 
potential of +80 mV added to the negative intracellular 
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Figure 141.13 Schematic shows origin and distribution of effer- 
ent fibers of the olivocochlear bundle. Crosses, Small olivocochlear 
bundle neurons; triangles, large olivocochlear bundle neurons. The 
number of each kind of symbol, relative widths of lines, and per- 
centages indicate the proportion of total olivocochlear projection 
to one cochlea that arises from each cell group. Efferent fibers to 
outer hair cells originate from large cells in the medial portion of 
the superior olivary complex. Approximately 70% of the projection 
to outer hair cells comes from the contralateral side of the brain. 
Projection to inner hair cells arises from small cells in the lateral 
region of the superior olive. Most of these fibers (85%) originate 
on the ipsilateral portion of the brain. Data are from studies with 
cats. DMPO, dorsomedial preolivary nucleus; IHC, inner hair cells; 
LSO, later superior olivary nucleus; MNTB, medial nucleus of the 
trapezoid body; MSO, medial superior olivary nucleus; OCB, ol- 
ivocochlear bundle; OHC, outer hair cells; VNTB, ventral nucleus 
of the trapezoid body. (From Warr B. The olivocochlear bundle: 
its origins and terminations in the cat. In: Naunton RF, Fernandez 
C, eds. Evoked electrical activity in the auditory nervous system. 
New York: Academic Press, 1978:60, with permission.) 
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potentials of hair cells. The resulting intracellular depolar- 
ization causes an enzyme cascade involving calcium. This 
ultimately leads to the release of chemical transmitters, 
and the subsequent activation of the afferent nerve fibers. 

Although the notion of the cochlea as an active rather 
than a passive organ is no longer debated, specific details 
of the cochlear amplifier and the biologic basis of its oper- 
ation are under active investigation. One point of view 
attributes the cochlear amplifier to the ability of hair cells 
to contract and lengthen in response to electrical signals, a 
property called somatic electromotility. A protein named pres- 
tin has been identified in outer hair cells and is considered 
to be the motor protein of outer hair cells and the driving 
force of electromotility of hair cells (5). Another point of 
view focuses on rapidly acting potassium and calcium ion 
channels presumed to be the basis of the cochlear ampli- 
fier and its regulation (G6). A third approach suggests that a 
collection of motor proteins within a hair cell can generate 
oscillations that depend on the elastic properties of the cell 
(7). The foregoing approaches are nonlinear models that 
involve rapidly acting calcium channels. Specification of 
the biologic basis of the cochlear amplifier (nonlinearity) 
is important inasmuch as many forms of hearing loss 
involve loss of the cochlear amplifier. 

The neurotransmitters of the afferent and efferent sys- 
tems are the subject of intense study. In regard to the afferent 
system, analysis of excitatory amino acid receptor expres- 
sion by the techniques of reverse transcriptase-polymerase 
chain reaction, in situ hybridization, and immunochemi- 
cal analysis indicates that glutamate is the afferent neu- 
rotransmitter. Glutamate has been detected in both spiral 
ganglion cells and sensory cells (8). The principal transmit- 
ter substance of cochlear efferent fibers is acetylcholine. It 
is possible that the organ of Corti is mechanically modified 
by means of motility changes of outer hair cells under the 
influence of the efferent system. Acetylcholine acts on recep- 
tors to produce hyperpolarization of the cell membrane 
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Figure 141.14 A: Amplitude of basilar 
membrane motion as a function of dis- 
tance from the base of the cochlea to a 
200-Hz tone. Top: instantaneous displace- 
ment of basilar membrane at successive 
time intervals (solid lines); displacement 
envelope (dashed line). Bottom: instanta- 
neous velocity of basilar membrane at suc- 
cessive time intervals (solid lines); velocity 
envelope (dashed line). B: Relative ampli- 
tude of vibration at different points along 
the basilar membrane for four different 
frequencies. Bottom, phase lag at differ- 
ent points along the basilar membrane 
for four different frequencies. (From Von 
Bekesy G. Experiments in hearing. New 
York: John Wiley & Sons, 1960, with per- 
mission.) 
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Figure 141.15 Comparison of mechanical tuning of 
the basilar membrane and neural tuning of an afferent 
fiber of the auditory nerve. (From Ruggero MA, Rich NC, 0 
Robles L, et al. Middle ear response in the chinchilla and 1 


its relationship to mechanics at the base of the cochlea. 
J Acoust Soc Am 1990;87:1612, with permission.) 


and doubling of the input conductance of the cell. The 
acetylcholine receptor has both muscarinic and nicotinic 
features. In addition to acetylcholine, y-aminobutyric acid 
and several neuroactive peptides are neurotransmitters for 
the efferent system (9-11). 


GROSS COCHLEAR POTENTIALS 


Four gross (extracellular) potentials can be recorded in the 
cochlea (12)—endolymphatic (endocochlear) potential, 
cochlear microphonic, summating potential, and whole- 
nerve action potential (Fig. 141.16). Unlike the other 
cochlear potentials, the endolymphatic potential is not 
generated in response to acoustic stimulation; rather, it is a 
DC potential of 80 to 100 mV recorded in the scala media. 
It arises from the stria vascularis of the lateral wall of the 
cochlea. The stria vascularis is considered to be the energy 
source, or “battery,” of the cochlea, crucial for transduction. 
The nature of the energy source is the Na*-K*-ATPase pump. 
This pump has been localized to several types of cochlear 
cells, including marginal cells of the stria vascularis, outer 
sulcus cells, and fibrocytes near the attachment of the 
Reissner membrane and in the spiral ligament. Whereas 
Na*-K--ATPase must play a significant role in ion trans- 
port in the cochlea, the nature of the energy source and the 
details of the ion exchange remain active research issues (3). 

Malfunctioning of the mechanisms involved in produc- 
tion of endolymph and the endolymphatic potential can 
produce hearing loss, sometimes called metabolic presbycu- 
sis. When the flow of endolymph through the ductus reuni- 
ens is blocked, endolymphatic pressure increases, and 
hydrops occurs. 

The cochlear microphonic is an alternating current 
(AC) voltage usually recorded within the cochlea or near 
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Figure 141.16 Schematic shows cochlear potentials recorded in 
the scala media in response to typical acoustic stimuli. All wave- 
forms are approximately to scale. Bottom: Time waveforms of 
sound pressure in the ear canal for a click and a 750-Hz tone burst 
obtained with a probe-tube microphone. Positive and negative 
pressures refer to condensation and rarefaction, respectively, with 
the static value of atmospheric pressure subtracted out. An acous- 
tic pressure of 5 dyne/cm? is equivalent to 88 dB SPL, referred to 
as 0.0002 dyne/cm? (20 Pa). Top: Resulting time waveform of the 
potential recorded in scala media by a single micropipette in the 
basal turn. The voltage is referenced to the neck of the animal. 
Ordinate is discontinuous to allow closer inspection of stimulus- 
related waveforms on the 80-mV endocochlear potential (EP), that 
is, the whole-nerve action potential (AP), the cochlear microphonic 
(CM), and the summating potential (SP). At low frequencies, the 
phase of the cochlear microphonic waveform leads that of the 
sound pressure at the eardrum. (From Schmiedt RA. Basic tech- 
niques for the measurement of cochlear potentials. In: Beagley HA, 
ed. Auditory investigation: the scientific and technological basis. 
Oxford: Clarendon Press, 1979:211, with permission.) 
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the round window. It represents the potassium ion cur- 
rent flow through mainly the outer hair cells; that is, the 
electrical resistance of outer hair cells is altered by the 
motion of the basilar membrane. When stereocilia are bent 
away from the modiolus, the resistance of the hair cells 
decreases. The result is an increase in current flow and a 
small decrease in endolymphatic potential. When stereo- 
cilia are bent toward the modiolus, resistance increases 
and current flow decreases with an accompanying increase 
in the endolymphatic potential. The corresponding volt- 
age fluctuations, the cochlear microphonic, depend on the 
presence of outer hair cells. Unlike neural potentials, the 
waveform of the cochlear microphonic mirrors the motion 
of the basilar membrane. The summating potential is a DC 
potential recorded in the cochlea in response to sound. It 
follows the envelope of the stimulating sound. Recordings 
of this DC potential can be made in the scala tympani, 
media, or vestibuli and in some circumstances from a 
gross electrode in the human ear canal. The potential can 
be positive or negative, and it can reverse polarity, depend- 
ing on electrode location or stimulus frequency and level. 
The summating potential probably has several origins, but 
it largely reflects the DC shifts caused by stimulus-driven 
intracellular potentials of outer hair cells. Inner hair cells 
contribute to these to a lesser extent. 

The whole-nerve or compound action potential arises 
from the all-or-none discharge of auditory nerve fibers. The 
compound action potential is recorded most effectively 
with a gross electrode placed near the round window or 
auditory nerve and with high-frequency signals with rapid 
onsets. Such signals produce synchronous neural activity, 
which is summed to become the compound action poten- 
tial waveform. The amplitude of the compound action 
potential increases with stimulus intensity over a 40- to 
50-dB range, whereas latency decreases as stimulus inten- 
sity is increased. At high levels, a second peak sometimes 
is observed that probably reflects activity of the cochlear 
nucleus. The compound action potential can be clinically 
recorded with scalp electrodes or electrodes in the exter- 
nal meatus or by means of a transtympanic approach in 
which an electrode is placed near the round window niche. 
The ratio of the amplitude of the summating potential to 
the amplitude of the compound action potential has been 
used as an indicator of perilymphatic fistula, but the valid- 
ity of this indicator is doubtful. 


EIGHTH NERVE PHYSIOLOGY 


The auditory nerve has approximately 30,000 fibers in 
humans and approximately 50,000 in cats. Perhaps one 
of the most important research findings in recent years 
was the observation that 90% to 95% of neurons (type I, 
radial fibers) innervate inner hair cells, whereas 5% to 10% 
(type II, outer spiral fibers) innervate to the outer hair cells 
(Fig. 141.12). Most, if not all, recordings from auditory 
nerve fibers are from the larger type I fibers in contact with 
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inner hair cells. These radial fibers have bipolar cell bodies 
in the spiral ganglion. Outer spiral fibers are monopolar 
and unmyelinated. Most recordings of single units of the 
auditory nerve are obtained by means of inserting a micro- 
electrode into the auditory nerve where it exits the inter- 
nal auditory meatus. The most basic measures of auditory 
nerve function are spontaneous rates, tuning curves, and 
intensity (rate-level) functions. 

Most auditory nerve fibers in mammals discharge in 
the absence of acoustic stimulation. The nerve fibers have 
been classified into three categories on the basis of rate 
of spontaneous discharge—high (18 to 120 spikes per 
second), medium (0.5 to 18 spikes per second), and low 
(0 to 0.5 spikes per second). Fibers with high rates of spon- 
taneous activity respond to auditory signals at lower levels 
than do fibers with medium or low rates of spontaneous 
activity. In other words, the most-sensitive fibers have the 
most-spontaneous activity. Fibers with high spontaneous 
rates have thick dendrites that tend to terminate on the 
side of inner hair cells facing outer hair cells. Fibers with 
low and medium spontaneous rates have thin dendrites 
that terminate on the side of the inner hair cell facing the 
modiolus. Ongoing studies indicate that fibers with high 
rates of spontaneous activity have different terminations in 
the auditory CNS (cochlear nucleus) than do fibers with 
low rates of spontaneous activity. In other words, sponta- 
neous activity of nerve fibers is not random but is proving 
to be anatomically and functionally significant (13-16). 
The tuning curve of a single auditory nerve fiber is perhaps 
the most basic measure of auditory nerve function. A tone 
burst controlled in frequency and level is presented. The 
level is adjusted until a criterion change (one or two spikes 
per second) in firing rate is detected. Tone bursts covering 
a wide range of frequencies are used, and the lowest level 
of signal is recorded for a given frequency that produces a 
specific rate of discharge. The resulting isoresponse curve is 
called a tuning curve. 

Figure 141.17 shows tuning curves for six different fibers. 
The sharp tip of the tuning curve identifies the best, or char- 
acteristic, frequency of the fiber. Units with low characteris- 
tic frequency innervate inner hair cells in the apical region of 
the cochlea, fibers with high characteristic frequency inner- 
vate inner hair cells from the basal region, and so on. Tuning 
curves are described according to the frequency of the tip or 
characteristic frequency, the high- and low-frequency side, 
and the tail. Fibers with a characteristic frequency less than 
1 kHz are roughly V shaped. Fibers with a higher charac- 
teristic frequency have an obvious tip at the characteristic 
frequency and a tail that extends to the low frequencies. The 
high side of a tuning curve is the frequency region greater 
than the characteristic frequency. As characteristic frequency 
increases, the high side of the tuning curve becomes steeper 
with a slope or rejection rate that can exceed 500 dB per 
octave. The characteristics of tuning curves of auditory nerve 
fibers are strikingly similar to isoamplitude curves of a 
mechanical traveling wave (Fig. 141.15). 
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Figure 141.17 Tuning curves obtained from single fibers in the 
auditory nerve of a 6-month-old gerbil (CG-9) raised in quiet. Fiber 
numbers given in sequence during the experiment are at the tips 
of the curves. (From Schmiedt RA, Mills JH, Adams K. Tuning and 
suppression in auditory nerve fibers of aged gerbils raised in quiet 
or noise. Hear Res 1990;45:221, with permission.) 


Injury or damage to sensory cells, including stereo- 
cilia, can alter the shape of tuning curves dramatically 
(Fig. 141.18). The lower right portion of the figure shows 
that when outer hair cells are destroyed, the tuning curve 
of auditory nerve fibers from normal inner hair cells is 
changed in several ways. The sensitive tip region is missing; 
that is, the threshold of the fiber is elevated by approxi- 
mately 40 to 45 dB. The high-frequency side no longer has 
a steep slope, and the low-frequency side becomes slightly 
more sensitive, or hypersensitive. The characteristic fre- 
quency of the fiber appears to be much lower in frequency, 
and the band width of the fiber appears broader. The upper 
left portion of Figure 141.18 shows the consequences of 
partial injury to the stereocilia of outer hair cells. A thresh- 
old shift of approximately 30 dB occurs, but a short, 
sharply tuned tip remains, and the low-frequency tail is 
again hypersensitive. Irregularities in this tuning curve may 
explain monaural displacusis; that is, a tone in one ear 
(800 Hz) has two pitches, for example, one at 800 Hz and 
a second at approximately 2.8 kHz. 

The upper left portion of Figure 141.18 shows a tuning 
curve in which stereocilia of inner hair cells are damaged or 
in disarray, whereas most of the stereocilia of outer hair cells 
appear normal or nearly so. The threshold of the unit is ele- 
vated approximately 30 dB, but the tuning curve is approxi- 
mately normal. The lower left portion of the figure shows 
responses to signals in a narrow range of frequencies only 
at sound levels greater than 90 dB SPL. In this case, sen- 
sory cells are present, but stereocilia of inner hair cells are 
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Figure 141.18 Tuning curves of single units of the auditory 
nerve with different degrees and types of acoustic injury to the 
sensory cells, including stereocilia. Dotted line, normal; solid line, 
after injury. (Redrawn from Liberman MC, Dodds LW. Single neuron 
labeling and chronic cochlear pathology Ill: stereocilia damage and 
alterations of threshold tuning curves. Hear Res 1984;16:55, with 
permission.) 
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destroyed, and those of outer hair cells are destroyed or in 
disarray. Thus normal neural activity, including sensitivity 
(detection of faint sounds) and frequency-resolving power, 
depends on intact outer hair cells and normal stereocilia. 
Although thresholds of auditory nerve fibers are related 
to the rate of spontaneous discharge, most afferent nerve 
fibers (60%) have high spontaneous rates and thresholds 
within 20 dB greater than the thresholds for the animal. The 
remaining low-spontaneous fibers have thresholds that cover 
approximately 60 dB. The dynamic range of most auditory 
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nerve fibers is approximately 30 dB from threshold to satu- 
ration (Fig. 141.19), although some low-spontaneous fibers 
have a much wider dynamic range. Given the dynamic range 
of human hearing (0 dB SPL to 2100 dB SPL), the auditory 
system must have neurons the thresholds of which cover a 
wide range and have firing rates that also cover a wide range 
of intensities. The ability of the human ear to respond appro- 
priately to sounds over a 120-dB range (10,13) is remark- 
able. One way is with low-spontaneous fibers; another is 
recruitment of fibers of characteristic frequency. 
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Figure 141.19 Examples of the three types of rate-intensity function. A: Saturating. B: Sloping 
saturation. C: Straight. For all units, characteristic frequency (CF) varies between 16 and 24 kHz, and 
maximum sound level varies between 104 and 115 dB SPL. D-F: Normalized rate—intensity functions 
for the fibers in A, B, and C. (Redrawn from Winter IM, Robertson D, Yabs GK. Diversity of charac- 
teristic frequency rate-intensity functions in guinea pig auditory nerve fibers. Hear Res 1990;45:191, 


with permission.) 
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Figure 141.20 Neural explanation of one mechanism 
of loudness recruitment. A: Normal ear. B: Loudness in 
an abnormal ear grows abnormally quickly with intensity 
once the threshold is reached because the tips of the tun- 
ing curves are missing. (From Evans EF. The sharpening 
of cochlear frequency selectivity in the normal and abnor- 
mal cochlea. Audiology 1975;14:419, with permission.) B 


Number of fibers active 


One of the most common features of sensorineural 
hearing loss is recruitment of loudness. Figure 141.20 gives 
an explanation. It is assumed that loudness depends on 
the total activity of the auditory nerve. As Figure 141.20A 
shows, the number of fibers activated increases slowly as 
intensity is increased, and only the tips of the tuning curves 
are activated. As the intensity increases further, the tails 
of the tuning curves are encountered, and the number of 
fibers activated increases rapidly. In the case of sensorineu- 
ral hearing loss, the tips of the tuning curves are missing, 
and the fibers are not activated until the level of the signal 
is sufficient to reach the tails of the tuning curves. Abruptly, 
many fibers then are abruptly activated simultaneously. 


NONLINEAR PROPERTIES OF THE EAR 


Some of the outstanding features of the middle ear trans- 
former are its linear properties, but the outstanding fea- 
tures of the cochlea and auditory nerve are the nonlinear 
characteristics. Perhaps the most studied nonlinearities are 
combination tones, described herein in relation to cochlear 
emissions, and two-tone rate suppression, as recorded in 
auditory nerve fibers. 

Two-tone rate suppression is the reduction in firing rate 
produced by one tone when a second tone is introduced. 
Figure 141.21 shows a tuning curve with a suppression area 
outlined above the characteristic frequency of the nerve 
fiber and an area below the characteristic frequency of the 
fiber. Tones presented in the dotted or suppression areas in 
the figure reduce the firing rate caused by the probe tone. 
Both the excitor and suppressor tones are presented simul- 
taneously, and because little or no time lag is associated 
with this phenomenon nor is any evidence available that 
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it is neurally produced, the effect is called suppression rather 
than inhibition. Two-tone suppression in single units is 
reflected in the compound action potential. Figure 141.21 
(right) shows tuning curves of the compound action poten- 
tial with suppression areas shown in the dotted areas. In 
this case, the amplitude of the compound action potential 
is altered by the suppressing signal, whereas in the single- 
unit case (left), the firing rate of a neuron is reduced by an 
arbitrary amount (20%). The single-unit and compound 
action potential suppression areas are similar. Inasmuch as 
two-tone suppression can be observed in the DC intracel- 
lular response of inner hair cells, it is probable that two- 
tone suppression originates in the active nature of cochlear 
mechanics and before the inner hair cells. 

In the presence of sensorineural hearing loss caused by 
exposure to noise or to ototoxic drugs, two-tone rate sup- 
pression is severely affected, if at all measurable. Two-tone 
rate suppression appears normal or nearly so in cases of 
cochlear hearing loss in which the sensory cells, including 
stereocilia, are normal or nearly so, but in the stria vascu- 
laris is affected. The latter scenario leads to presbycusis (17). 

Otoacoustic emissions (OAEs) are sounds that are 
detected in the ear canal when the tympanum receives 
vibrations transmitted through the middle ear from the 
cochlea. OAEs provide support for the notion that the 
cochlea is not just a passive receiver of acoustic energy 
but can also generate or amplify sounds. Several different 
types of OAEs are found (18). Spontaneous OAEs occur in 
the absence of acoustic stimulation and are typically highly 
stable pure tones of -10 to 30 dB SPL, which are found 
in 30% to 40% of healthy young ears (19,20). The precise 
frequency of a spontaneous OAE does not imply an ori- 
gin at a precise place in the cochlea, but only a particular 
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Figure 141.21 Left: Excitatory tuning curve (circles) and two-tone suppression areas (shaded) for 
a single auditory nerve fiber. Tones presented in the suppression areas decrease the firing rate to 
the excitatory tone. Right: Tuning and suppression of the compound action potential (CAP). (From 
Harris DM. Action potential suppression, tuning curves and thresholds: comparison with single fiber 


data. Hear Res 1979;1:133, with permission.) 


coincidence of travel time and reflection from an ill-defined 
region of high outer cell activity. Spontaneous OAEs can be 
recorded over long periods with only minor but seemingly 
systematic variations in frequency and amplitude. 

A second class of OAEs are produced after exposure to 
an acoustic signal. Transient-evoked OAEs (TEOAE) are made 


via a probe placed in the ear canal. The oscillatory sound 
pressure waveform seen in TEOAE responses actually cor- 
responds to the motion of the eardrum resulting from pres- 
sure fluctuations generated within the cochlea (Fig. 141.22). 
Although stimulatory clicks excite the entire cochlea, 
TEOAE responses can be used to give frequency-specific 
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Figure 141.22 Cochlear echoes, also called stim- 
ulated cochlear emissions, from a normal ear (A) 
and a deaf ear (B). (From Kemp DT, Ryan S, Bray P. 
Otoacoustic emission analysis and_ interpretation 
for clinical purpose. Adv Audio 1990;12:77-92, with 
permission.) 
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information about the cochlea through splitting of the 
responses into different frequency bands. TEOAEs are highly 
sensitive to cochlear pathology in frequency-specific man- 
ner. Frequencies at which hearing thresholds exceed 20 to 
30 dB hearing loss (HL) are typically absent in the TEOAE 
response (21,22). Because of their sensitivity to cochlear 
dysfunction, TEOAEs have found widespread application in 
newborn hearing screening programs (23). 

Distortion-product OAEs also are used widely in clinical 
situations. The TEOAE and DPOAE techniques complement 
each other. DPOAEs offer a wider frequency range of observa- 
tion with less sensitivity to minor and subclinical conditions 
in adults. When two primary tones, F1 and F2, are presented 
to the cochlea, several distortion products are produced. 
The most prominent of all these intermodulation distortion 
products is the cubic distortion tone, 2F1-F2. Measurement 
of DPOAEs at multiple stimulus levels can establish the 
OAE “growth rate.” Healthy ears tend to exhibit a DPOAE 
growth rate of 1 dB of OAE per 1 dB of stimulus or less. Ears 
with some impairment show steeper growth. Single DPOAE 
results can be misleading, and results must be averaged 
across a range of frequencies. The DPOAE is easily recordable 
in patients with a normal middle ear system (24,25). 


AUDITORY CENTRAL NERVOUS SYSTEM 


The ascending and descending auditory pathways are 
described briefly herein in relation to auditory evoked 
potentials. Schematics of the afferent and efferent pathways 
are shown in Figures 141.13 and 141.23, respectively. These 
diagrams oversimplify the system but provide a rough 
introduction to the auditory CNS and its complexity. All 
eighth-nerve afferent fibers stop at the level of the cochlear 
nucleus. Five major cell types are found within the cochlear 
nucleus, each with distinct morphologic and physiologic 
features, such as response to stimulus onset, stimulus off- 
set, and frequency modulation. From the cochlear nucleus, 
most fibers cross the brainstem to the contralateral supe- 
rior olivary complex; a much smaller number of fibers run 
to the ipsilateral superior olivary complex. 

The superior olivary complex is considered the first cen- 
ter in the ascending auditory system, where inputs from 
both ears converge. Auditory nuclei above the superior oli- 
vary complex can be excitatory or inhibitory with inputs 
from each ear. Stimulation of the contralateral ear typically 
is excitatory to cell bodies of the auditory CNS, whereas 
stimulation of the ipsilateral ear is inhibitory. As shown in 
Figure 141.13, the medial superior olivary complex is the 
origin of the crossed efferent fibers that terminate on outer 
hair cells, whereas the lateral superior olivary complex is 
the origin for the uncrossed efferent fibers that terminate 
on inner hair cells. Although many functions have been 
attributed to the efferent auditory system, especially pro- 
tecting the cochlea from loud sounds, the functions of the 
system are unknown, those that have been proposed are 
easily debated (26,27). 
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The inferior colliculus is a complex nucleus with at least 
18 major cell types and at least five areas of specialization. 
It is involved in probably all forms of auditory behavior, 
including differential sensitivity for frequency and inten- 
sity, loudness, and binaural hearing. The inferior colliculus 
is clearly more than a relay center. The medial geniculate 
body of the thalamus sends projections to the auditory 
cortex, but its specific functions are unknown. 

The auditory cortex is located in the sylvian fissure of the 
temporal lobe; many secondary auditory areas are clustered 
around the primary area. In each area, the cells are tonotopi- 
cally organized in a columnar manner, each column having 
a special attribute. The cells in one column can have dif- 
ferent tuning at a similar characteristic frequency, whereas 
another column can be associated with intensity encoding, 
another with providing inhibitory responses to stimulation 
of one ear and excitatory responses of the other ear, and so 
on. As is common for thalamic connections with the cortex, 
nuclei within the medial geniculate body that send fibers to 
the auditory cortex also receive fibers from the same area of 
the cortex. Bilateral lesions of the temporal lobe have been 
shown to produce wide-ranging effects (cortical deafness, 
in which several auditory behaviors are severely affected, 
including speech discrimination, localization of sound, 
temporal processing of information, and the detection of 
faint, short-duration signals) (28). Another important fea- 
ture of the auditory system is its tonotopic nature. From the 
basilar membrane to the auditory cortex, the system is orga- 
nized spatially with respect to frequency. Each place on the 
basilar membrane responds best to a specific frequency— 
high-frequency sounds are localized to the base, and low- 
frequency sounds, to the apex. The tonotopic organization 
of the cochlea is preserved at the cochlear nucleus. Figure 
141.24 shows that as an electrode penetrates the cochlear 
nucleus, fibers with different characteristic frequencies 
are contacted, and the characteristic frequencies form an 
orderly progression. Similar data exist at all nuclei of the 
auditory CNS, including the auditory cortex. 

The most obvious clinical application of basic informa- 
tion on the auditory CNS involves interpretation of evoked 
potentials. The auditory brainstem response (ABR) is one 
component of auditory evoked potentials. The existence of 
the ABR was first reported by Sohmer and Feinmesser in 
1967 (29). The ABR is recorded from electrodes attached to 
various positions on the head. The ABR consists of a series 
of seven waves occurring within about 10 milliseconds 
after stimulus onset. The convention in the United States 
is to label wave peaks with Roman numerals. It is generally 
accepted that the ABR is generated by the auditory nerve 
and subsequent fiber tracts and nuclei within the auditory 
brainstem pathways. It is widely believed that each wave is 
generated as follows: wave I and UJ are the eighth nerve, II 
is cochlear nucleus, IV is superior olive/lateral leminiscus, 
and V is lateral leminiscus/inferior colliculus. 

The ABR is generated by a click stimulus because it 
yields the clearest response. The ABR is used clinically both 
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Figure 141.23 Highly schematic diagram of the ascending (afferent) pathways of the central audi- 
tory system from the right cochlea to the auditory cortex. No attempt is made to show the subdivi- 
sions and connections within the various regions, cerebellar connections, or connections with the 
reticular formation. (From Yost WA, Neilsen DW. Fundamentals of hearing, 2nd ed. New York: Holt, 
Rinehart & Winston, 1985:121.) 


in the estimation of auditory sensitivity and in otoneuro- 
logic assessment. In this way, it can be used to detect lesions 
along the auditory nerve and brainstem pathways. The study 
can be performed regardless of state of wakefulness, and the 
result is unaffected by most medications. As a result, chil- 
dren are often tested while under sedation or during sleep. 


The field of clinical objective audiometry has recently 
gained an additional technique in the auditory evoked 
response battery. The auditory steady-state response (ASSR) 
promises to be a valuable study in the workup of auditory 
dysfunction. Unlike ABRs, which are obtained through the 
use of transient stimuli, ASSRs are evoked by using sustained 
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Figure 141.24 Cross section of cochlear nucleus shows the track made by electrode penetra- 
tion. The characteristic frequencies of neurons recorded from various points within the anteroven- 
tral cochlear nucleus (AVCN) and dural cochlear nucleus (DCN) show that the spatial separation of 
frequency is maintained within those two divisions of the cochlear nucleus. PVCN, posteroventral 
cochlear nucleus. This tonotopic organization is maintained throughout the central auditory system. 
(Redrawn from Rose JE, Galambos R, Hughes JR. Microelectrode studies of the cochlear nuclei of 
the cat. Bull Johns Hopkins Hosp 1959;104:211, with permission.) 


continuous tones. The tones are frequency specific because 
the continuous tones do not have spectral distortion prob- 
lems as do brief tone bursts or click (30,31). Of note, ASSR 
also can be performed regardless of the state of wakefulness. 

There are several advantages of ASSR over ABR. First, 
ASSR is a better technique for evaluating hearing aid per- 
formance because hearing aids and cochlear implants 
process continuous stimuli with less signal distortion 
than transient stimuli. Furthermore, ASSR can provide 
threshold information in a frequency-specific manner at 
intensity levels of 120 dB or greater (32,33). This allows 
differentiation of severe and profound hearing loss, which 
cannot be accomplished with ABR. This characteristic of 
ASSR may allow it to be used in assessing pediatric patients 
for cochlear implant candidacy (34). Last, ASSR has been 
shown to be more time efficient by determining more 
thresholds in a shorter time compared with ABR (35-37). 
Future research and clinical use are likely to solidify the 
status of ASSR in the audiologic armamentarium. 

The neuroanatomic features of the system are compli- 
cated. Processing of neural information probably involves 
both parallel and serial processing. The former is anatomi- 
cally described by a single fiber with ramifications to many 


target areas. Serial processing involves a fiber going to one 
target, which in turn goes to another target, and so forth. 
In the auditory CNS, both serial and parallel processing are 
involved. Because the auditory CNS is a highly redundant, 
complicated, and extremely powerful system, interpreta- 
tion of evoked-potential data, and of other CNS neural 
data, is not straightforward. 


m The acoustic properties of the head and external 
ear are important, particularly because they provide 
cues for localizing sources of sound. 

m The middle ear acts as a transformer between air 
and the fluid-filled cochlea and provides a sound 
pressure gain of 25 to 30 dB. The combined effect of 
the acoustic properties of the head, external ear, and 
middle ear, and the input impedance of the cochlea 
determine the frequency range of human hearing. 
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m= The cochlea is a coiled bony tube approximately 
35 mm long and divided into three compart- 
ments—the scala tympani, scala vestibuli, and scala 
media. The scalae tympani and vestibuli contain 
perilymph and are connected through the helico- 
trema at the apex of the cochlea. The scala media 
contains endolymph and has a positive DC rest- 
ing potential of approximately 80 mV, which arises 
from Na* -K*-ATPase pumps in the stria vascularis. 

m The auditory transducer is the organ of Corti, which 
contains sensory cells (three rows of outer hair cells 
and one row of inner hair cells). Deflection of ste- 
reocilia (hairs) of the sensory cells by a mechanical 
traveling wave starts transduction. 

= A traveling wave, from the base toward the apex of 
the cochlea, arises in response to piston-like move- 
ment of the stapes. The traveling wave has a sharply 
tuned peak at the base for high-frequency sound that 
progresses toward the apex as frequency decreases. 

= Deflection of stereocilia by the traveling wave opens 
and closes ion channels; the result is current flow 
(potassium ion) into the sensory cell. The potassium 
flux arises from the +80 mV endocochlear potential 
added to the negative intracellular potential of inner 
and outer hair cells. The resulting depolarization 
causes an enzyme cascade that releases chemical 
transmitters and activates afferent nerve fibers. 

m Approximately 90% to 95% of the radial nerve fibers 
(type I) innervate inner hair cells. Approximately 5% 
to 10% (type II, outer spiral fibers) are connected 
to outer hair cells. Each inner hair cell is innervated 
by 15 to 20 type I neurons. Each type II neuron 
branches to innervate approximately 10 outer hair 
cells. Approximately 1,800 efferent fibers project to 
the sensory cells from the ipsilateral and contralat- 
eral superior olivary complexes. 

= The most basic measure of auditory nerve function 
is the tuning curve of a single auditory nerve fiber. 
Tuning curves of single fibers of the nerve are strik- 
ingly similar to tuning curves of the mechanical 
traveling wave. Injury to sensory cells and stereocilia 
alters the features of tuning curves, including sensi- 
tivity and sharp tuning. 

m The middle ear system is passive and linear in 
response to signals as great as 130 dB SPL, but the 
inner ear is an active system with its own amplifier 
and is nonlinear. These properties allow the inner 
ear to respond to a wide range of intensities and 
provide the basis for suppression phenomena. 

m= Although the efferent auditory system is well 
developed, the functional significance is not well 
understood. It may have a role in the cochlear trans- 
duction and in protecting the cochlea from overex- 
posure to intense sound. 
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Assessment of Peripheral 
and Central Auditory 


Function 


James W. Hall Ill 


New techniques and strategies for assessment of the auditory 
function in adults have been introduced in recent years. Pure- 
tone audiometry, immittance measurement (tympanometry 
and acoustic reflexes), and calculation of word recognition 
scores continue to be important for hearing assessment, and 
the traditional audiogram is useful in summarizing the results 
of basic audiologic assessment. Clinical audiology, however, 
now also includes other behavioral and electrophysiologic 
test procedures. For example, electrocochleography (ECochG) 
can contribute to the diagnosis of Méniére disease. Auditory 
brainstem response (ABR) offers a readily accessible, and 
relatively inexpensive, means for estimating hearing sensitiv- 
ity in infants and young children and for the identification 
of retrocochlear auditory dysfunction. Otoacoustic emis- 
sions (OAEs), because of unique sensitivity and specificity to 
cochlear dysfunction, have become an integral component of 
the clinical audiologic test protocol. And, within recent years, 
the auditory steady state response (ASSR) has emerged as a 
valuable addition to the pediatric audiologic test battery. A 
variety of speech and nonspeech behavioral measures and sev- 
eral cortical auditory evoked responses are available for clini- 
cal assessment of central auditory nervous system dysfunction 
and associated auditory processing disorders (APDs). 

This chapter summarizes current techniques and strate- 
gies for hearing assessment among adults. The emphasis is 
on use of a test battery that maximizes diagnostic accuracy 
and efficiency and minimizes test time and cost. A glossary 
of common audiologic terms and abbreviations is pro- 
vided at the end of the chapter. 


Pure-Tone Audiometry 


Pure-tone audiometry is the most common measurement 
of hearing sensitivity. Stimuli are pure tones (sinusoids) 
at octave frequencies typically from 250 Hz up to 8,000 
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Hz and, often, two interoctave frequencies (3,000 Hz and 
6,000 Hz). Interoctave hearing loss is a characteristic of 
commonly encountered problems, such as noise-induced 
cochlear dysfunction. High-frequency audiometry for stim- 
ulus frequencies greater than 8,000 Hz (up to 20,000 Hz) 
is technically feasible and clinically useful to certain popu- 
lations, such as patients at risk for ototoxicity. Test results 
in many clinics are graphed on an audiogram. Two ver- 
sions of audiograms are illustrated in Figure 142.1. All 
audiograms include at the minimum a graph for plotting 
hearing threshold levels as a function of the frequency of 
pure-tone signals, although the exact format and symbols 
vaty. 

The unit of stimulus intensity is the decibel (dB), a 
logarithmic unit. The intensity of any sound is defined 
by the ratio of its sound pressure or sound intensity to a 
reference sound pressure or sound intensity. The reference 
sound pressure is the amount of pressure against the ear- 
drum, caused by air molecules when a sound is present, 
that vibrates the eardrum and can just be detected by a 
normal human ear. Briefly, the relation for sound inten- 
sity is described as dB = 10 log,, (sound intensity/reference 
intensity) or for sound pressure as dB = 20 log,, (sound 
pressure/reference pressure). The reference sound pressure 
is defined as decibels sound pressure level (dBSPL) and is 
derived from one of two physical quantities: (a) 0.0002 
dyne/cm? or (b) 20 micropascals root mean square (uPa) 
= 2x 10° Pa. 

Clinically, the intensity of sound is described in decibels 
hearing level (dB HL), a biologic reference level, rather than 
in sound pressure level. On an audiogram (Fig. 142.1), the 
decibel scale has as its reference 0 dB, which is described as 
audiometric 0. This is the standard for the intensity level 
that corresponds to the mean normal hearing threshold 
level, the minimal detectable intensity for each test fre- 
quency for young adults with normal hearing. Another 
common unit for expressing sound intensity is decibels 
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Figure 142.1 Two examples of audiographic forms. A: The separate ear form has sections for re- 
porting results for pure-tone audiometry (top), speech audiometry (center), and aural immittance 
measurement (bottom). Masking is indicated by filled symbols. Categories of hearing loss of shown 
on the right ear graph, whereas typical findings for a conductive hearing loss are shown in the left ear 
graph. B: The traditional audiogram form utilizes symbols (see audiogram legend) for each of 13 signal 
presentation types. It does not permit graphic display of immittance or speech measurement findings. 
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sensation level (dB SL), which is intensity of the stimulus 
in decibels above an individual's hearing threshold. For 
example, a word recognition test can be administered at an 
intensity level of 40 dB SL (40 dB above the person’s pure- 
tone average [PTA]). 

In audiologic assessment of cooperative children 
and adults, hearing thresholds for tonal or speech sig- 
nals are measured separately for each ear with earphones 
(air-conduction stimulation). Insert earphones (ER-3A) 
are now the transducer of choice for routine audiologic 
assessment. They offer distinct advantages over tradi- 
tional supraaural earphones, including increased comfort, 
reduced likelihood of ear canal collapse, greater interaural 
attenuation, and greater acceptance by young children. In 
addition, insert earphones contribute importantly to the 
control of infection in a clinical setting, as the insert por- 
tion is disposable. Pure-tone audiometry can be performed 
with stimuli presented with a bone-conduction oscillator 
or vibrator placed on the mastoid bone. During pure-tone 
audiometry, all equipment must meet the specifications of 
the American National Standards Institute (ANSI). Periodic 
equipment calibration and validation are necessary. Testing 
is conducted according to clinical adaptations of psycho- 
acoustic methods (1). Patients are instructed to listen care- 
fully for the tones and to respond, usually by pushing a 
button that activates a response light on the audiometer or 
by raising a hand, every time they believe they hear a tone. 
To minimize interference by ambient background acoustic 
noise, pure-tone audiometry always is performed with the 
patient in a double-walled, sound-treated room that meets 
ANSI specifications. 

The clinically normal region on an audiogram is 0 to 
20 dB HL, although for children hearing threshold lev- 
els exceeding 15 dB should be considered abnormal. 
Thresholds in the 20 to 40 dB HL region constitute mild 
hearing loss, 40 to 60 dB HL thresholds define moderate 
loss, and threshold levels greater than 60 dB HL are con- 
sidered severe hearing loss (2). As a reference, the intensity 
level of whispered speech close to the ear is less than 25 dB 
HL. Conversational speech is in the 40 to 50 dB HL region, 
and a shouted voice within 1 foot (30 cm) of the ear is at 
a level of about 80 dB HL. The most important frequen- 
cies for understanding speech are 500 through 4,000 Hz, 
although higher frequencies can contribute to discrimina- 
tion between certain speech sounds. Hearing sensitivity 
within the speech frequency region often is summarized by 
means of calculation of the PTA (PTA; hearing thresholds 
for 500, 1,000, and 2,000 Hz divided by three and reported 
in decibels). A four-frequency PTA including 3,000 Hz is 
required by the American Academy of Otolaryngology- 
Head and Neck Surgery. 

Audiometric results are valid only when the patient’s 
responses are caused by stimulation of the test ear. If a 
sound greater than 40 dB HLis presented to one ear through 
air conduction with supraaural earphones and cushions 
(resting on the outer ear), the acoustic energy can cross 


over from one side of the head to the other and stimulate 
the ear not being tested. The main mechanism of crossover 
is presumed to be bone-conduction stimulation caused by 
vibration of the earphone cushion against the skull at high 
stimulus intensity levels. The amount of sound intensity 
needed before crossover occurs is a reflection of interaural 
attenuation, that is, the sound insulation between the two 
ears provided by the head. Interaural attenuation is usually 
about 50 dB for lower test frequencies and 60 dB for higher 
test frequencies, such as those contributing to the ABR. 
Interaural attenuation is considerably higher for insert ear- 
phones (2). With bone-conduction stimulation, interaural 
attenuation is less than 10 dB. In clinical circumstances, the 
examiner needs to assume conservatively that interaural 
attenuation for bone-conducted signals is 0 dB. In other 
words, even a very faint sound presented to the mastoid 
bone of one ear by a bone-conduction vibrator can be 
transmitted through the skull to either or both inner ears. 
Perception of this bone-conducted signal depends on the 
patient’s sensorineural hearing sensitivity in each ear. 

Masking is the audiometric technique used to elimi- 
nate participation of the ear not being tested whenever 
air- and bone-conduction stimulation exceeds interaural 
attenuation. An appropriate noise (narrow-band noise for 
pure-tone signals and speech noise for speech signals) is 
presented to the ear not being tested when the stimulus 
is presented to the test ear. With adequate masking, any 
signal crossing over to the ear not being tested is masked 
by the noise. The level of masking noise presented to the 
ear not being tested must exceed the threshold of hear- 
ing for that ear. Excess levels of masking noise must be 
avoided because the noise can cross back over to the ear 
being tested. Selection of appropriate masking can be dif- 
ficult, especially when there is bilateral hearing loss (2). 
Indeed, patients with severe bilateral conductive hearing 
loss may present the “masking dilemma,” that is, when 
enough masking to the nontest ear actually crosses over to 
the test ear and interferes with accurate estimation of hear- 
ing threshold. An otolaryngologist interpreting audiologic 
results must verify that appropriate masking was used if 
testing was not performed by an audiologist. 

Knowledge of the type of hearing loss, determined by 
means of comparison of the hearing thresholds for air- and 
bone-conduction signals, is useful in classifying a hear- 
ing loss as sensorineural (no air-bone gap), conductive 
(normal bone conduction and a loss by air conduction), 
or mixed (loss by bone conduction with a superimposed 
air-bone conduction gap). 

Configuration refers to hearing loss as a function of 
the test frequency. With a sloping configuration, hearing 
is better for low frequencies and then becomes poorer for 
higher frequencies. The most common pattern associated 
with sensorineural hearing loss is a deficit in thresholds 
for higher test frequencies. The configuration can be gen- 
tly sloping from low to high frequencies, be precipitously 
decreasing above a high frequency cutoff, such as 2,000 Hz, 
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or be characterized by a notching deficit within a certain 
frequency region, such as 4,000 Hz. A rising configura- 
tion is typified by relatively poor hearing for low-frequency 
stimuli and better hearing for the high frequencies. A ris- 
ing configuration can be caused by varied types of middle 
ear abnormalities. An exception to the typical association of 
conductive hearing loss with rising configuration is Méniére 
disease (see Chapter 156). Ménieére disease is one cochlear 
abnormality that may produce a rising configuration. A flat 
audiometric configuration often is recorded from patients 
with mixed hearing loss, that is, both sensorineural and 
conductive components are present. Other configurations, 
such as the midfrequency “cookie bite” pattern, are encoun- 
tered in clinical practice. Test-retest variability in clinical 
pure-tone threshold estimation is typically +5 dB. 


Guidelines for Evaluation of Hearing 
Handicap 


The results of pure-tone audiometry are adequately summa- 
rized in an audiogram and with the terms just defined, such 
as PTA and the degree, configuration, and type of hearing 
loss. It also is possible to quantify hearing loss in percent- 
age units according to published and accepted guidelines 
(3). This approach sometimes is necessary in medicolegal 
cases or when a patient seeks compensation for hearing 
loss. According to the guidelines of the American Academy 
of Otolaryngology Committee on Hearing and Equilibrium 
and the American Council of Otolaryngology Committee 
on the Medical Aspects of Noise (3), permanent hearing 
impairment is defined as follows: “A change for the worse 
in either structure or function, outside the range of normal, 
is permanent impairment.... Permanent impairment is 
due to any anatomic or functional abnormality that pro- 
duces hearing loss.” This is differentiated from permanent 
hearing handicap, which is defined as follows: “The dis- 
advantage imposed by an impairment sufficient to affect 
a person’s efficiency in the activities of daily living is a 
permanent handicap” (3). The guidelines also detail the 
approach for converting hearing handicap for one or both 
ears into a percentage. The first step is to determine the 
degree of sensorineural hearing loss for four test frequen- 
cies (500, 1,000, 2,000, and 3,000 Hz) from the audiogram 
(Table 142.1). The next step is to follow the guidelines for 
computation of percentage hearing loss (3): 


If the monaural percent figure is the same for both ears, 
that figure expresses the percent hearing handicap. If 
the percent monaural hearing impairments are not 
the same, apply the formula: 


(5 x% [better ear]) + (1 x% [ poorer ear]) [6=% 
hearing handicap 


The interoctave test frequency—3,000 Hz—in the calcula- 
tion of percentage of hearing handicap is very important. It is 
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GUIDELINES FOR CALCULATING 


TABLE 
142.1 PERCENTAGE OF MONAURAL 
. HEARING IMPAIRMENT? 

DSHL? Percentage DSHL Percentage 
100 0.0 240 52.5 
105 1.9 245 54.4 
110 3.8 250 56.2 
115 5.6 255 58.1 
120 715 260 60.0 
125 9.4 265 61.9 
130 11.2 270 63.8 
135 13.1 2715 65.6 
140 15.0 280 675 
145 169 285 69.3 
150 18.8 290 71.2 
155 20.6 295 73.1 
160 22.5 300 75.0 
165 24.4 305 76.9 
170 26.2 310 78.8 
175 28.1 315 80.6 
180 30.0 320 82.5 
185 31.9 325 84.4 
190 33.8 330 86.2 
195 35.6 335 88.1 
200 37.5 340 90.0 
205 39.4 345 93.8 
210 41.2 350 93.8 
215 43.1 355 95.6 
220 45.0 360 97.5 
225 46.9 365 99.4 
230 48.9 370 100.0 
235 50.6 (or greater) 


“American Academy of Otolaryngology Committee on Hearing and 
Equilibrium and the American Council of Otolaryngology Committee 
on the Medical Aspects of Noise. 

’From the audiogram, find the decibel sum of the hearing threshold 
levels (DSHL) of 500, 1,000, 2,000, and 3,000 Hz. 


good clinical practice to routinely obtain hearing thresholds 
from each ear for the 3,000 Hz frequency. This frequency is 
included in the formula for hearing loss (3) because much 
of the spectral information vital for speech understanding is 
within the 2,000 to 3,000 Hz region. Percentage of binaural 
hearing handicap is easily calculated with a detailed tabular 
matrix that relates the four-frequency degree of sensorineural 
hearing loss for the better versus poorer ear (4). 


Speech Audiometry 


The purpose of speech audiometry is to determine how 
well a person hears and understands speech signals. Speech 
audiometry procedures usually are performed to measure 
hearing sensitivity (thresholds in decibels) for words or to 
estimate word recognition, such as speech discrimination, 
ability. Spondee reception threshold, also called speech 
threshold, is the softest intensity level at which a patient 
can correctly repeat words approximately 50% of the time. 
Spondee words, two syllable words with equal stress on 
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each syllable, such as hot dog, baseball, and eardrum, are 
presented to the patient monaurally through earphones. 
The technique is comparable with the method for deter- 
mining pure-tone thresholds described earlier. 

Because PTA reflects hearing threshold levels in the 
speech frequency region and speech threshold is mea- 
sured with a speech signal, one can expect close agree- 
ment between the PTA and the speech threshold. If the 
difference between PTA and speech threshold exceeds +7 
dB, there is reason to suspect that one or both of the mea- 
sures are invalid. An unusually good speech threshold 
relative to PTA, such as speech threshold of 5 dB and PTA 
of 45 dB, immediately alerts the examiner to the possibil- 
ity of nonorganic hearing loss, such as malingering. With 
cooperative adult patients, particularly if pure-tone hear- 
ing thresholds are within the normal region from 500 to 
4,000 Hz, there is probably little or no clinical benefit in 
measuring speech thresholds. Test time can be saved with 
no loss of diagnostic information by excluding speech 
threshold measurement from the test battery for such 
patients. 

Speech recognition for phonetically balanced words 
is a common clinical approach for estimating a person’s 
ability to hear and understand speech (2). A list of 25 
or 50 single-syllable words typically are presented to the 
patient through earphones at one or more fixed intensity 
levels. The percentage of words correctly repeated by the 
patient is calculated by the examiner. One ear is tested at 
a time. Within the list of words, specific speech sounds 
(phonemes) occur approximately as often as they would 
in everyday conversation, that is, they are phonetically bal- 
anced. These words traditionally were spoken into a micro- 
phone by the examiner while the level was monitored 
with a volume unit meter. The words were routed to the 
patient through an audiometer after selection of the test 
ear and desired intensity level. This is an outdated and 
poor clinical practice because it lacks standardization and 
consistency and increases the variability of test outcome. 
For adult patients, it almost always is possible and always 
is preferable to use professionally produced, commercially 
available speech materials presented with a tape recorder 
or compact disk player and an audiometer (2). Live voice 
probably continues to be used by many practitioners, espe- 
cially in the assessment of children, because of minor effi- 
ciency gains. 

Speech perception in the presence of noise is also 
assessed clinically. One of the most popular and well- 
researched procedures is the hearing in noise test, abbre- 
viated HINT (5). Representative sentences of a standard 
length and phonetic complexity are presented with a 
low level of background noise, which is more reflective 
of speech understanding in real-world environments. 
HINT is a key measure of auditory performance used to 
screen hearing impaired individuals for cochlear implant 
candidates. The HINT is now available in over a dozen 
languages. 


Acoustic (Aural) Immittance (Impedance) 
Measurement 


Introduction 

Aural immittance (impedance) measurement is an impor- 
tant part of the basic audiometric test battery. Immittance is 
a term derived from the terms for two related techniques for 
assessing middle ear function—impedance and admittance. 
These techniques have been used clinically since 1970 (6). 
The external ear canal is sealed with a soft rubber probe tip. 
The probe tip is connected to a device that produces a tone 
delivered toward the eardrum. Middle ear impedance or 
admittance is calculated from the intensity and other physi- 
cal properties, such as phase, of the tone in the ear canal. A 
middle ear (tympanic membrane and ossicular system) with 
low impedance (higher admittance) more readily accepts 
the acoustic energy of the probe tone. A middle ear with 
abnormally high impedance (lower admittance) caused by, 
for example, fluid in the middle ear space tends to reject 
energy flow. Thus impedance (admittance) characteristics of 
the middle ear system can be inferred objectively with this 
technique and related to well-known patterns of findings 
for various pathologic conditions of the middle ear. 


Tympanometry 


Tympanometry is the dynamic recording of middle ear 
impedance as air pressure in the ear canal is systematically 
increased or decreased. The technique is a sensitive measure 
of the integrity of the tympanic membrane and of middle ear 
function (Fig. 142.2). Compliance (the reciprocal of stiffness) 
of the middle ear, the dominant component of immittance, 
is the vertical dimension of a tympanogram. Tympanometry 
is popular clinically because it requires little technical skill 
and only several seconds to perform. It is an electrophysi- 
ologic, as opposed to behavioral, method that does not 
depend on cooperation of the patient, and it is a highly 
sensitive index of middle ear function. Tympanometric pat- 
terns, in combination with audiographic patterns, allow 
differentiation and classification of middle ear disorders. 
The most clinically widespread approach to describing 
tympanograms was described first by Jerger in 1970 (6). 
There are three general types of tympanogram—A, B, and C. 
A normal, or type A, tympanogram has a distinct peak in 
compliance within 0 to 100 mm water (dPa) in the ear 
canal (Fig. 142.2). To be classified as normal, the location 
of the compliance peak on the pressure dimension and the 
height of the peak must be within normal range, indicated 
in Figure 142.2 by the stippled area. On a type B tympano- 
gram, there is no peak in compliance, but there is a flat pat- 
tern with little or even no apparent change in compliance as 
a function of pressure in the ear canal. This pattern is most 
often associated with the presence of fluid within the mid- 
dle ear space (otitis media), although other middle ear dis- 
orders also can produce a type B tympanogram. Although 
a type B tympanogram can appear to be recorded from 
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Figure 142.2 Classification system for tympanograms. 


ears with perforated tympanic membranes, technically, this 
finding is invalid because the change in ear canal pressure 
needed for tympanometry is not achieved owing to the 
perforation. Type C tympanograms have a distinct peak in 
compliance as do type A recordings, but the peak is within 
the negative pressure region beyond approximately 100 mm 
water (dPa). This pattern usually occurs among patients 
with eustachian-tube dysfunction and inadequate ventila- 
tion of the middle ear space. It often precedes acquisition of 
a type B tympanogram in the development of otitis media. 
Avariation of a type A tympanogram is type A, (Fig. 142. 2). 
The s stands for shallow. Peak compliance is less than 
the lower normal limit of compliance. That is, middle ear 
impedance is abnormally high. The type A, pattern is com- 
mon among patients with fixation of the ossicular chain, 
including some patients with the diagnosis of otosclerosis. 
In contrast, with an usually steep and high-compliance tym- 
panogram (type A, for deep), the peak can exceed the upper 
compliance limits of the equipment. A type A, tympano- 
gram occurs among patients with disruption of the ossicu- 
lar chain, which leaves the middle ear extremely mobile and 
overly compliant, that is, there is little impedance. In the 
absence of serious hearing loss, this tympanographic pat- 
tern usually is associated with minor tympanic membrane 
abnormality, such as atrophy. At the beginning of a tympa- 
nometric examination, high positive or negative pressure is 
introduced into the ear canal. This essentially decouples the 


middle ear system from the measurement. If the impedance 
device records an abnormally large equivalent volume of 
air (2 cm or more in an adult, or twice the volume recorded 
for the other ear) between the probe tip and presumably 
the eardrum at this stage in the procedure, the integrity of 
the eardrum is questioned. That is, the immittance device is 
recording not only ear canal volume but also volume of the 
middle ear space. This test finding is consistent with per- 
foration of the tympanic membrane or the presence of an 
open (patent) middle ear ventilation tube. 


Acoustic Stapedial Reflex Measurement 


The stapedial muscle within the middle ear is the small- 
est muscle in the body. Measurement of contractions of the 
stapedial muscle in response to high sound intensity levels 
(usually 80 dB or greater) is the basis of the acoustic reflex. 
Acoustic reflex measurement is clinically useful for estimat- 
ing hearing sensitivity and for differentiating sites of audi- 
tory disorders, including the middle ear, inner ear, eighth 
cranial nerve, and auditory brainstem (2,6). The affer- 
ent portion of the acoustic reflex arc is the eighth cranial 
nerve. Complex brainstem pathways lead from the cochlear 
nucleus on the stimulated side to the region of the motor 
nucleus of the seventh cranial (facial) nerve on both sides 
(ipsilateral and contralateral to the stimulus) of the brain- 
stem. The efferent portion of the arc is the seventh cranial 
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nerve, which innervates the stapedius muscle. The muscle 
contracts, causing increased stiffness (decreased compli- 
ance) of the middle ear system. The small change in com- 
pliance that follows stapedius muscle contraction within 10 
ms is detected with the probe and immittance device, much 
as compliance changes are detected during tympanometry. 

Acoustic reflex measurement is useful clinically 
because it quickly provides objective information on the 
status of the auditory system from middle ear to brain- 
stem. Distinctive acoustic reflex patterns for ipsilateral 
and contralateral stimulation and measurement condi- 
tions characterize middle ear, cochlear, eighth nerve, 
brainstem, and even facial nerve dysfunction (lower 
portion of Fig. 142.1A). Comparison of acoustic reflex 
threshold levels—the lowest stimulus intensity level that 
activates the reflex—for tonal versus noise signals allows 
estimation of the degree of cochlear hearing loss (2). This 
technique is especially valuable in the care of children 
and difficult-to-test patients. Note, however, that even 
modest changes in the middle ear mechanism, often 
manifest by mild conductive hearing loss (e.g., otoscle- 
rosis), may lead to the loss of acoustic reflex responses. 
Conversely, the presence of intact reflexes in combina- 
tion with a significant conductive hearing loss should be 
viewed as inconsistent with true pathology of the middle 
ear sound conduction mechanism. This could result from 
spurious test results or from inner ear pathology, such as 
canal dehiscence. 


AUDITORY EVOKED RESPONSES 


Auditory Brainstem Response 


Auditory evoked responses are electrophysiologic record- 
ings of responses to sounds. With proper test protocols, 
the responses can be recorded clinically from activation 
of all levels of the auditory system, from cochlea to cortex 
(7). Among these responses, the ABR, which neurologists 
often call the brainstem auditory evoked response, is used 
most often clinically. An ABR recording is shown schemati- 
cally in Figure. 142.3. The ABR is generated with transient 
acoustic stimuli (clicks or tone bursts) and detected with 
surface electrodes (disks) placed on the forehead and near 
the ears (earlobe or within the external ear canal). The ABR 
represents minimal electrophysiologic activity (less than 
1 microvolt) within electroencephalographic activity that is 
100 times larger in amplitude. With a commercially avail- 
able computer-based device, it is possible to present rap- 
idly (20 to 30 per second) thousands of sound stimuli and, 
by means of signal averaging, to detect reliable ABR wave- 
forms in a matter of minutes. 

Extensive research has shown that the ABR wave com- 
ponents arise from the eighth cranial nerve and auditory 
regions in the caudal and rostral brainstem (Fig. 142.3). 
Wave I unquestionably represents the synchronously stim- 
ulated compound action potentials (APs) from the distal 


(cochlear) end of the eighth cranial nerve. Wave Il may 
arise from the eighth nerve but near the brainstem (the 
proximal end). Waves I and II are generated by structures 
ipsilateral to the stimulated ear. All later ABR waves have 
multiple generators within the auditory brainstem. Wave 
IIL, which usually is prominent, is generated within the 
caudal pons with likely contributions from the cochlear 
nuclei, trapezoid body, and superior olivary complex (7). 
The most prominent and rostral component of the ABR— 
wave V—is thought to arise in the region of the lateral lem- 
niscus as it approaches the inferior colliculus, probably 
contralateral to the ear stimulated. 

The ABR is not a test of hearing. It reflects synchro- 
nous firing of a subset of onset neurons within the audi- 
tory system. In ABR waveform analysis, the first objective 
is to assure that the response is reliably recorded. At the 
minimum, two replicated waveforms are averaged. If the 
response cannot be replicated, the test protocol is modi- 
fied, and technical problems are considered and systemati- 
cally ruled out. When the existence of a response that can 
be replicated is confirmed, reproducible absolute latencies 
for each wave component and relative (interwave) latencies 
between components are calculated in milliseconds. These 
latency data for each ear are assessed for symmetry (wave V 
within 0.4 ms between ears) and compared to appropriate 
normative data (7). 

Common ABR waveform patterns are illustrated in 
Figure 142.4. A well-formed and clear wave I at a delayed 
latency value for the maximum stimulus intensity level is 
characteristic of conductive or mixed hearing loss. When 
wave | is small and poorly formed but interwave latency 
values are within normal limits (the wave I through V 
latency value less than 4.60 ms), high-frequency sensory 
(cochlear) hearing loss is suspected. Delayed interwave 
latency values are the signature of retrocochlear auditory 
dysfunction. Abnormal delays between the early wave 
components (I through III) are consistent with posterior 
fossa lesions that involve the eighth cranial nerve or lower 
brainstem, whereas prolonged latency of waves LI through 
V suggests intraaxial auditory brainstem dysfunction. 

A primary goal in any neurodiagnostic evaluation of 
ABR is to record a clear and reliable wave I component. 
Wave | is the benchmark for peripheral auditory function. 
Subsequent interwave latencies offer indices of retroco- 
chlear (eighth cranial nerve and brainstem) function that 
are relatively unaffected by conductive or sensory hearing 
loss. The likelihood that wave I is recorded is enhanced 
through use of ear canal or tympanic membrane electrode 
designs and through alterations in the test protocol, such 
as a slower stimulus rate, rarefaction stimulus polarity, and 
maximum stimulus intensity level (7). 

Reports on ABR dating back to the late 1970s have con- 
firmed that waveforms evoked by high-intensity signals 
yield neurodiagnostic information about cochlear and ret- 
rocochlear auditory function. The data can be used in the 
identification of retrocochlear disorders, such as acoustic 
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Figure 142.3 Schematic shows the instrumentation for recording the ABR and important relations 
between auditory anatomic features and waveform components. A simple strategy for analysis of 


ABR waveform in neurodiagnosis also is shown. 


neuroma, with an accuracy that exceeds 95%, at least for 
medium to large tumors. With the development of sophis- 
ticated neuroradiologic techniques, such as magnetic 
resonance imaging (MRI) with enhancement, and earlier 
diagnosis of smaller tumors, the sensitivity of ABR has 
dropped (8). Inexpensive fast spin echo MRI is technically 
feasible and available clinically, making ABR less com- 
monly used as a screen for retrocochlear tumors. 
False-negative ABR outcomes can occur in patients at risk 
of retrocochlear auditory dysfunction, particularly in indi- 
viduals with intracanicular vestibular schwannomas (9). The 
poor results are evidence of the relatively poorer sensitivity 
of ABR than that of MRI to mass lesions. However, false- 
Positive outcomes of MRI also have been reported among 
patients with normal ABR results and no surgical evidence 


of tumor (10). It must be kept in mind that ABR is a mea- 
sure of function, whereas computed tomography and con- 
ventional MRI are measures of structure (see Chapter 147). 
Assessment of ABR continues to be a readily available, rela- 
tively inexpensive, and reasonably sensitive procedure for 
initial diagnostic evaluation of eighth-nerve and auditory 
brainstem status in the care of patients with retrocochlear 
signs and symptoms. ABR is particularly useful in patients 
for whom concerns are limited to larger tumors, the elderly, 
the medically infirm, and individuals who have contraindi- 
cations to MRI (e.g., a pacemaker). As described in Chapter 
131, assessment of ABR can also be valuable in electrophysi- 
ologic monitoring of the eighth cranial nerve and auditory 
brainstem function during neurotologic operations such as 
vestibular nerve section and posterior fossa tumor removal. 
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Figure 142.4 ABR patterns associated with various types of auditory dysfunction. Information about 
dysfunction can be inferred from the latency of specific waves and overall structure of the waveforms. 


The application of ABR in the estimation of hearing sen- 
sitivity in infants and young children is now essential (7). 
Accurate and early hearing aid fitting is, of course, critical 
for infants with serious hearing loss. With the emergence 
of universal newborn hearing screening, children at risk for 
hearing loss can be routinely identified at birth. Research on 
the benefits of early intervention for hearing loss in infants 
(11) argues strongly for the diagnosis of hearing loss and the 
beginning of hearing aid use before a child is 6 months old. 
Appropriate hearing aid fitting, however, requires informa- 
tion on hearing sensitivity at specific frequencies within the 
range of hearing that is critical for understanding speech. 
Unfortunately, it is not possible to obtain behavioral esti- 
mates of hearing sensitivity (an audiogram) at such a young 
age. By performing ABR recordings with frequency-specific 
signals (tone bursts), hearing thresholds can be estimated 
electrophysiologically and infant hearing aid fitting can be 
accomplished within months after birth. Electrophysiologic 
estimation of hearing sensitivity with ABR does have one 
serious clinical constraint. The maximum intensity level is 
only about 80 dB for very brief (transient) click and tone 
burst signals used to elicit the ABR. Therefore, the ABR can- 
not be used to estimate hearing sensitivity in the severe to 
profound range of impairment. As with any test, false posi- 
tives may occur. A small percentage of children with rela- 
tively normal hearing may have abnormal or absent ABR 
waveforms. ABR testing should be corroborated with other 
tests of auditory function, including behavioral responses. 

A telatively recent clinical electrophysiologic measure, 
the ASSR, has proven useful for these infants (7). The ASSR 
is elicited with pure-tone signals (steady state signals), 


rather than transient signals (clicks or tone bursts). The 
pure tone signals are altered with rapid modulation of the 
amplitude and, sometimes, frequency. The pure tone signal 
activates the cochlea at the specific frequencies (e.g., 1,000 
or 500 Hz) and provides the type of information on hearing 
that is available with the audiogram. In addition, energy at 
the modulation rate (e.g., 80 per second) is generated in 
the auditory system and can be detected automatically with 
sophisticated algorithms for signal detection. The major 
clinical advantage of ASSR is the ability to estimate hearing 
sensitivity at discrete frequencies for children with hearing 
loss exceeding 80 dB HL. Thus, the ABR and ASSR can be 
used in combination to define any degree of hearing loss 
in children at any age, including infants soon after birth. 
Analysis of ASSR findings can be particularly helpful in the 
earlier and more confident identification of infants who 
are likely candidates for cochlear implantation. 


Electrocochleography 


For more than 30 years, ECochG has been used to assess 
peripheral auditory function. The examination is performed 
most often for intraoperative monitoring of cochlear and 
eighth-nerve status and in the diagnosis of Méniére disease 
(7). Optimal ECochG waveforms are recorded with a small 
needle electrode placed through the tympanic membrane 
and on the promontory, although electrode placement on 
the tympanic membrane or, to a lesser extent, in the ear canal 
can be clinically useful. Stimulus and acquisition criteria for 
ECochG have been well defined for decades. The three major 
components of the ECochG are the cochlear microphonic, 
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Figure 142.5 ECochG waveforms show normal relation of SP 
and AP and abnormally enlarged SP/AP relation for a patient with 
Méniére disease. Absolute and relative amplitude values for the 
SP and AP components and the criteria for definition of a normal 
response vary greatly for different electrode sites (ear canal vs. 
tympanic membrane vs. promontory). 


summating potential (SP), and AP. The cochlear micro- 
phonic (CM) and SP reflect cochlear bioelectric activity. The 
AP is generated by synchronous firing of distal afferent eighth- 
nerve fibers and is equivalent to ABR wave I (Fig. 142.5). 

The typical ECochG analysis technique in neurotology 
requires determination of the amplitude of the SP and the 
AP from a common baseline. The ratio of the SP to the AP 
(SP/AP) is calculated and reported as a percentage. Normal 
ranges and cutoffs for SP/AP ratio have been reported 
for each electrode type. Abnormal SP/AP ratio values are 
defined as more than 50% for the ear canal electrode type, 
more than 40% for a tympanic membrane electrode, and 
more than 30% for a transtympanic needle electrode (7). 

Among patients with Ménieére disease, the characteris- 
tic ECochG finding is abnormal enlargement of the rela- 
tion between the component amplitudes of the SP and the 
AP. With the tympanic membrane electrode technique, the 
sensitivity of ECochG in the diagnosis of endolymphatic 
hydrops is 57%; the specificity was 94% in a series of 100 
patients (12). Only 3 of 30 patients had false-positive 
results. Thus an abnormally enlarged SP/AP ratio is highly 
suggestive of endolymphatic hydrops, according to these 
data. In the study (10), the likelihood of an abnormal 
ECochG SP/AP ratio was statistically higher as hearing loss 
increased and when hearing loss fluctuated. Similar eleva- 
tions in the SP/AP ratio have, however, been reported in 
perilymph fistula (13-15), autoimmune inner ear disease 
(16,17), and superior semicircular canal dehiscence (18). 

ECochG also plays a critical role in the accurate diagno- 
sis of auditory neuropathy spectrum disorder, or ANSD (7). 
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This complex assortment of auditory disorders is character- 
ized by the absence of an ABR despite integrity of the outer 
hair cells (as determined by ECochG and/or OAEs). Sites 
of dysfunction in ANSD include the inner hair cells, the 
synapse between the inner hair cells and afferent auditory 
nerve fibers, or auditory nerve fibers (e.g., spiral ganglion). 
Close analysis of the pattern of ECochG findings, specifi- 
cally the presence or absence of the cochlear microphonic 
CM, SP, and AP, permits differentiation between presynap- 
tic dysfunction (affecting inner hair cells) and postsynaptic 
dysfunction (affecting auditory nerve fibers). In combi- 
nation with MRI studies of the auditory nerve, ECochG 
provides diagnostic information important in making 
decisions about management of ANSD. ECochG outcome 
is particularly useful in determining whether cochlear 
implantation is an appropriate treatment option (7). 


Cortical Auditory Evoked Responses 


More than a dozen subtypes of auditory evoked responses 
can be recorded beyond the brainstem, from auditory 
regions of the thalamus, hippocampus, internal capsule, 
and cortex. Prominent among them in clinical audiol- 
ogy are the auditory middle latency response (AMLR), the 
auditory late response (ALR), and the P300 response (7). 
Cortical auditory evoked responses were reported as early 
as the 1930s. In fact, all of the above-noted responses were 
well described before the ABR was discovered. 

Cortical auditory evoked responses are characterized by 
longer latencies (100 to 300 ms) than ECochG waveforms 
and ABR because they arise from more rostral regions of 
the auditory central nervous system (CNS) and depend 
on multisynaptic pathways. Amplitudes of the cortical 
responses are considerably larger (2 to 20 times) than those 
of the earlier responses because they reflect activity evoked 
from a greater number of neurons. Measurements are dis- 
tinctly different for the cortical versus cochlear or brain- 
stem responses. For example, stimulus rate must be slower 
and physiologic filter settings lower. As a rule, stimulus 
intensities are moderate, rather than high. Cortical evoked 
responses are best elicited with longer-duration, and there- 
fore frequency-specific, tonal stimuli, rather than the click 
stimuli optimal for ECochG and ABR. The analysis time 
must extend beyond the expected latency of the response 
(more than 300 ms) for cortical responses. Recording elec- 
trode sites also are different for cortical responses. There 
is more emphasis on scalp sites over the hemispheres and 
less concern about electrode sites near the ears. 

The AMLR consists of a prominent positive voltage 
(labeled Pa) component in the 25 to 30 ms region. When 
recorded with electrodes located over the temporal-parietal 
region, the AMLR is generated by pathways leading to the 
primary cortex and from this region of the temporal lobe. 
The ALR occurs later in time, with major peaks (N1 and P2) 
appearing within the time frame of 100 to 200 ms. A variety 
of types of signals can be used to elicit the ALR, includ- 
ing speech (e.g., phonemes “da”and “ga.”) The AMLR and 
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ALR are now undergoing considerable investigation for the 
electrophysiologic assessment of children and adults, and 
for the documentation of effectiveness of intervention (e.g., 
auditory training, hearing aids, and cochlear implants) for 
communication impairment (19). 

The P300 response is recorded with what is typically 
called the oddball paradigm. Two types of stimuli are used. 
One—the frequent stimulus—is presented frequently in a 
predictable manner. The other—the rare or deviant stimu- 
lus—is presented infrequently and pseudorandomly. The 
rare stimuli account for less than 20% of the total stimuli 
presented. The patient is instructed to ignore the frequent 
stimuli and to attend to the rare stimuli. The waveform 
for the frequent stimulus is essentially an ALR consisting 
of a positive peak of 5 to 10 mV within the 150 to 200 
ms region. In contrast, the waveform averaged from the 
attended rare stimuli is characterized normally by a large 
positive peak in the 300 ms region, hence the term P300 
response. Presumed generators of the P300 response 
include regions of the medial temporal lobe (hippocam- 
pus) that are important in auditory attention. 


OTOACOUSTIC EMISSIONS 


OAEs are low-intensity sounds produced by the cochlea 
either spontaneously, or more commonly, in response 
to an acoustic stimulus. A moderate-intensity dick or an 
appropriate combination of two tones can evoke outer hair 
cell movement or motility (2,20). Outer hair cell motility 
affects basilar membrane biomechanics; the result is a form 
of intracochlear energy amplification and cochlear tuning 
for precise frequency resolution. Outer hair cell motil- 
ity generates mechanical energy within the cochlea that is 
propagated outward through the middle ear system and the 
tympanic membrane to the ear canal. Vibration of the tym- 
panic membrane produces an acoustic signal (the OAE), 
which can be measured with a sensitive microphone. 
There are two broad classes of OAE—spontaneous and 
evoked. Spontaneous otoacoustic emissions (SOAEs) occur 
among only approximately 60% of persons with nor- 
mal hearing. They are measured in the external ear canal 
when there is no external sound stimulation. A marked sex 
effect has been confirmed for SOAE. Women have SOAE 
at twice the rate of men. Evoked OAEs, elicited by mod- 
erate levels (50 to 80 dBSPL) of acoustic stimulation in 
the external ear canal, are generally classified according to 
the characteristics of the stimuli used to elicit them or the 
characteristics of the cochlear events that generate them. 
Stimulus-frequency OAEs, which are technically difficult to 
record, are the least studied of the evoked OAE. 
Distortion-product otoacoustic emissions (DPOAEs) are 
produced when two pure-tone stimuli at frequencies f, and 
f, are presented to the ear simultaneously (Fig. 142.6). The 
most robust DPOAE occurs at the frequency determined 
by the equation 2f, — f,, whereas the actual cochlear fre- 
quency region assessed with DPOAE is between these two 
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Figure 142.6 Equipment and procedure for measurement of 
distortion product otoacoustic emissions (DPOAEs). The two stim- 


ulus frequencies (f,, f,) are presented to the ear with a soft probe 


(inward-pointing arrows). The DPOAEs (at the frequency 2f,-f) 
produced by the outer hair cells are propagated outward through 
the middle ear to the external ear canal. Amplitude of DPOAE in 
ABSPL is plotted as a function of the frequency of the stimuli (the 
f, stimulus). 


frequencies, and probably close to the f, stimulus for recom- 
mended test protocols (2,12). With all instruments commer- 
cially available for recording DPOAE, amplitude detected in 
the ear canal and described in dBSPL is plotted as a func- 
tion of the frequencies of the stimuli in a DPOAEgram. 
Transiently evoked otoacoustic emissions (TEOAEs) are elic- 
ited with brief acoustic stimuli such as clicks or tonebursts. 
Although there are distinct differences in the methods for 
recording DPOAE and TEOAE, and the exact cochlear mech- 
anisms responsible for generation are different, each type 
of evoked OAE is being incorporated into routine auditory 
assessment of children and adults (2,20). 

When outer hair cells are structurally damaged or at 
least nonfunctional, OAEs cannot be evoked with acous- 
tic stimuli. Among patients with mild cochlear dysfunc- 
tion, OAEs can be recorded but amplitudes are below 
normal limits for some or all stimulus frequencies. Some 
patients with abnormal OAEs that indicate cochlear dys- 
function have normal pure-tone audiograms, and OAEs 
provide information about auditory function at far more 
frequencies (up to 20 per octave) than does an audio- 
gram. An example of these advantages is a patient with 
tinnitus but normal audiologic findings (20). Abnormal 
OAEs are expected in the frequency region represented by 
the tinnitus. Up to 30% of a population of outer hair cells 
can be damaged without substantially affecting a simple 
audiogram (21). In such cases, abnormal OAE findings are 
invariably recorded. Conversely, OAEs may be recorded 
in individuals with severely impaired auditory function, 
either as a result of mass lesion on the auditory nerve 
(22) or auditory neuropathy (23). OAEs are generally not 
detected in patients with middle ear pathology. However, 
OAEs can also be recorded in patients with tympanostomy 
tubes. Normal OAEs in such cases confirm that the tube is 
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TABLE 
142.2 CLINICAL APPLICATIONS OF OAEs 


Children 

Newborn hearing screening 

¢ Diagnostic pediatric audiology 

¢ Monitoring ototoxicity 

e Assessment of APDs 

e Assessment of suspected functional (nonorganic) hearing loss 


Adults 

Early detection of noise-induced cochlear dysfunction 

¢ Monitoring of cochlear status in potential ototoxicity 

° Differentiation of cochlear versus retrocochlear auditory 
dysfunction 

e Assessment in suspected functional (nonorganic) hearing loss 

© Confirmation of cochlear dysfunction in patients with tinnitus 


From Hall JW Ill. Handbook of Otoacoustic Emissions. San Diego, CA: 
Singular Publishing Group, 2000, with permission. 


patent and, in addition, that outer hair cells are intact. The 
noninvasive nature of OAE recording, coupled with accu- 
racy and objectivity in assessing cochlear, especially outer 
hair cell, function suggests diverse potential clinical appli- 
cations that range from auditory screening to sensorineural 
diagnosis (2,20). A listing of clinical applications and their 
rationale is provided in Table 142.2. 


ASSESSMENT OF AUDITORY 
PROCESSING DISORDERS 


Background 


Myklebust (24) in 1954 wrote, “hearing is a receptive 
sense ... and essential for normal language behavior.” 

. “the diagnostician of auditory problems in children 
has traditionally emphasized peripheral damage. It is 
desirable that he also include considerations of central 
damage” (24). He also explained that “central deafness 
(central APD) is a deficiency in transmitting auditory 
impulses to the higher brain centers while receptive apha- 
sia (language disorder) is a deficiency in the interpretation 
of these impulses after they have been delivered” (24). 
During this era, Bocca et al. (25) reported that surgically 
confirmed central auditory system abnormalities can be 
detected with sufficiently sensitive audiologic procedures. 

These pioneering observations and studies have since 
been validated by many clinical investigations. There 
are now a variety of behavioral and electrophysiologic 
techniques for the assessment of peripheral and central 
auditory system function, including APDs involving the 
peripheral or central auditory system. The term APD is 
used to describe a deficit in the perception or complete 
analysis of auditory information due to central auditory 
nervous system dysfunction, usually at the level of the cere- 
bral cortex (2,26). Central auditory processing takes place 
before language processing or comprehension. The results 
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of extensive auditory neuroscience research during the 
past 20 years, including findings for objective assessment 
of CNS function like auditory evoked responses and func- 
tional MRI, have provided compelling evidence of APDs. 
Taken together, the substantial peer-reviewed literature on 
APDs confirms that “we hear with our brain.” 


Risk Factors for Central Auditory Nervous 
System Dysfunction 


The Joint Committee on Infant Hearing (27) has delin- 
eated a number of indicators associated with sensorineural 
and conductive hearing loss among neonates and infants. 
Some of these indicators, such as in utero infection, bac- 
terial infection, asphyxia, hyperbilirubinemia, and head 
trauma, as well as other neurologic insults in infancy 
(intraventricular hemorrhage and hydrocephalus) can be 
associated with central as well as peripheral auditory ner- 
vous system dysfunction. An important indicator identi- 
fied by the joint committee and of interest to primary care 
professionals is “parent/caregiver concern regarding hear- 
ing, speech, language, and/or developmental delay” (27). 
Additional indications for evaluation of children for APD 
are teachers’ concerns about hearing, recurrent middle ear 
disease, language impairment, attention deficit disorder 
with or without hyperactivity, reading delay, and learning 
disabilities. Central auditory nervous system dysfunction 
can coexist with any of these disorders. Among adults, risk 
factors for central auditory nervous system dysfunction 
include, but are not limited to, advanced age and history or 
clinical evidence of stroke, head injury including traumatic 
brain injury, brain neoplasms, Alzheimer disease, and 
other disorders affecting the CNS (26). It is a good clinical 
policy always to consider the possibility of central auditory 
dysfunction when a patient describes hearing problems 
that do not conform with audiographic findings. 


APD Test Battery 


The central auditory system consists of auditory regions 
within brainstem and midbrain, the thalamus, and the 
cerebral cortex, specifically the Heschl gyrus on the superior 
gyrus of the temporal lobe. The auditory evoked responses 
described earlier are useful in the assessment of the central 
auditory nervous system (2,7). Assessment for APD typi- 
cally is conducted with a battery of behavioral tests that 
have proven sensitivity to central auditory dysfunction. In 
most cases, peripheral auditory function is normal. The 
overall goal is to measure reliable performance for each 
ear on a series of speech audiometric procedures, includ- 
ing a dichotic word test, such as dichotic digits, a dichotic 
sentence test, a speech-in-competition test (e.g., HINT or 
synthetic sentence identification with ipsilateral competing 
message, abbreviated SSI-ICM), and reliable performance 
with binaural stimulation on one or more nonspeech mea- 
sures, such as pitch pattern sequence and duration pattern 
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tests. Auditory evoked responses are recorded if specifically 
requested by the referring practitioner or if there are any 
concerns about the reliability or interpretation of behav- 
ioral test performance. Findings of evaluations for APD 
are compared with age-corrected normative data. Minimal 
criteria for confirmation of APD are scores less than the 
age-corrected normal region (more than 2.5 standard devi- 
ation below the mean) for one or both ears for at least two 
different procedures performed on a child with normal 
results of peripheral auditory tests (26). 

In constructing an APD test battery, it is wise to rely on 
procedures not apt to be influenced by linguistic, cognitive, 
or attention disorders. Interpretation of APD test results is 
most straightforward when deficits are unilateral. The find- 
ings confirm that the patient has understood the task and 
that the outcome is not caused by a linguistic, cognitive, or 
attention disorder. A pronounced unilateral abnormality, 
specifically a marked left ear deficit, is one of the most com- 
mon patterns of APD test battery findings. Another rather 
definite APD test battery pattern is reduced performance 
apparent only on difficult portions of a test. This finding 
implies an auditory as opposed to linguistic, cognitive, or 
strictly attentional explanation for the child’s poor perfor- 
mance. Other important features of a clinically feasible APD 
test battery are (a) resistance to the influence of even slight 
peripheral auditory dysfunction, (b) availability of adequate 
age-matched normative data, and (c) use of professionally 
produced test materials recorded on tape or a compact disk. 
Earlier concerns about the usefulness of APD assessment 
with rudimentary procedures lacking these criteria were jus- 
tifiable. Now, however, there are clinically feasible and com- 
mercially available procedures for testing children and adults 
(2). In addition, there is recent evidence in children with 
APDs of auditory nervous system development and func- 
tional improvement following the completion of computer- 
based and conventional auditory training programs (19,26). 


INDICATIONS FOR DIAGNOSTIC 
AUDIOLOGIC ASSESSMENT 


Children 


Hearing loss, regardless of causation, affects the speech 
and language development of infants and young chil- 
dren. Communication deficits can occur within the first 
6 months of life. Hearing loss among preschool and 
school-age children interferes with educational develop- 
ment. Identification of hearing loss at birth and prompt 
and appropriate intervention before the age of 6 months 
are essential if a child is to reach his or her communica- 
tive and educational potential (11). Testing a child’s hear- 
ing at regular intervals during the first 5 years of life is the 
responsibility of pediatricians and primary care physicians 
(27,28). Otolaryngologists and audiologists must coordi- 
nate efforts in properly and promptly assessing and man- 
aging hearing loss among children. 


Adults 


The first suspicion of hearing loss among adults occurs 
while a medical history is being obtained. The patient cites 
hearing loss as the chief symptom, or close questioning 
reveals that the patient has difficulty in hearing, especially 
difficulty in understanding speech. Sometimes, this prob- 
lem is apparent or is most noticeable only under specific 
conditions, such as when the patient is speaking on the 
telephone or conversing in noisy environments or con- 
versing with certain persons, such as children or women, 
whose voices tend to be fainter and higher pitched than 
those of men. The medical history can provide other infor- 
mation that suggests risk of hearing loss, such as exposure 
to damaging levels of recreational or work-related noise 
or administration of ototoxic medications. Specific symp- 
toms, such as tinnitus or vertigo, or physical findings of 
otologic abnormalities or of other pathologic conditions 
associated with auditory system involvement, also indicate 
the need for audiologic assessment. 


STAFF TRAINING AND AUTOMATED 
TESTING 


In some countries, such as the United States, audiometry is 
typically performed by clinically licensed audiologist with a 
graduate degree (e.g., Doctor of Audiology) from an accred- 
ited academic institution. Audiometric technicians, com- 
monly nurses or other members of an otolaryngologist’s 
clinic staff, have been employed to maximize availability of 
testing coverage and to minimize cost. Although testing by 
such individuals may be excellent, handling difficult situ- 
ations, such as masking and interaural attenuation, may 
prove problematic. Similarly, self-administered, computer- 
automated audiometers (e.g., Otogram, Tympany, Stafford, 
TX) have seen tremendous growth in popularity in recent 
years. Early studies have shown good reliability between 
conventional, audiologist-administered and self-adminis- 
tered, computer-automated audiometry, but clinical experi- 
ence with these newer modalities is limited (29,30). Results 
obtained with less extensively trained technicians and with 
automated audiometers may serve well as screening studies. 
Validation by more experienced and well-trained audiolo- 
gists and corroboration with tuning forks should be con- 
sidered before making any treatment decisions that imparts 
any appreciable risk to the patient. A clinician who bases 
treatment decisions based on audiometric assessments per- 
formed by technicians and automated audiometers implic- 
itly takes responsibility for their diagnostic accuracy. 


GLOSSARY 


ABLB_ Alternate binaural loudness balance. A traditional 
diagnostic auditory procedure for detecting loud- 
ness recruitment used in differentiating cochlear from 
retrocochlear auditory dysfunction in unilateral hearing 
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loss. The task is to balance the sensation of loudness for 
the better versus poorer hearing ear. Loudness recruit- 
ment is a cochlear auditory sign. 

ABR (BAER) Auditory brainstem response (brainstem 
auditory evoked response). Electrical activity, evoked 
(stimulated) by sounds of very brief duration, that arises 
from the eighth cranial nerve and auditory portions of 
the brainstem. Usually recorded from the surface of the 
scalp and external ear with disk-type electrodes and 
processed with a fast signal averaging computer. Wave 
components are labeled with Roman numerals and 
described according to latency in milliseconds after the 
stimulus and amplitude in microvolts from one peak to 
the following trough. 

AC Air conduction Audiometric signals 
through earphones to the ear canal. 

Admittance An acoustic immittance measure corre- 
sponding to the ease of energy flow through the middle 
ear system 

air-bone gap The difference in pure-tone thresholds for 
air-conducted versus bone-conducted signals. With cali- 
brated audiometers, the normal ear and the sensorineu- 
rally impaired ear show no air—bone gap; conductive 
hearing losses are characterized by an air-bone gap. 

ASSR Auditory steady state response An electrophysi- 
ologic measure similar to the ABR, but elicited with 
pure tone signals (vs. transient signals for ABR) that 
are modulated rapidly in amplitude and frequency. 
Electrophysiologic activity in the brain is generated by 
the signal modulation, and detected automatically with 
a sophisticated processing algorithm. 

Audiologist A hearing care professional educated and 
trained clinically to measure the function of the audi- 
tory system and to provide nonmedical care of persons 
with auditory and communicative losses. Minimal 
educational requirements and professional creden- 
tials for audiologists are a master’s degree or Doctor of 
Audiology (Au.D.) and state licensure. 

Auditory neuropathy spectrum disorder (ANSD) A 
complex collection of auditory disorders that can 
involve various sites of dysfunction, including the inner 
hair cells, auditory neurotransmitters, and auditory 
nerve fibers. ANSD may be an early finding in patients 
with genetic auditory disorders, neurodegenerative dis- 
eases, and other neurological pathology. 

Auditory processing disorder (APD) Dysfunction in the 
auditory system, including central auditory pathways 
and centers, that impairs effective and efficient process- 
ing of auditory information. APD may exist in persons 
with normal hearing sensitivity. 

BC Bone conduction Audiometric signals presented to 
the skull, such as mastoid bone or forehead, by means 
of an oscillator. 

BCL Békésy comfortable loudness. A Békésy audiometry 
procedure conducted at a comfortable loudness level as 
opposed to threshold level. 
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Békésy audiometry An audiometric procedure per- 
formed with a Békésy audiometer for differentiating 
cochlear and retrocochlear auditory dysfunction. Békésy 
audiometry is based on comparison of responses to 
pulsed and continuous tones varied across a wide fre- 
quency range. Four patterns of Békésy responses were 
classified by Jerger. 

BOA Behavioral observation audiometry. A_ pediat- 
tic behavioral audiometry procedure in which motor 
responses to sounds such as eye opening and head turn- 
ing are detected by a trained observer. 

Configuration The shape or pattern of an audiogram. 
Shows how hearing loss varies as a function of the 
audiometric test frequency. The three main configura- 
tions are rising (low-frequency loss), sloping (high-fre- 
quency loss), and flat. 

Crossover Property by which sound stimulus presented 
to one ear (test ear) travels around the head (by means 
of air conduction) or across the head (by means of bone 
conduction) to stimulate the other ear (nontest ear). 
See interaural attenuation and masking dilemma. 

dB HL Decibels hearing level A decibel scale refer- 
enced to accepted standards for normal hearing (0 dB 
is average normal hearing for each audiometric test fre- 
quency). 

dB nHL Decibels normal hearing level A decibel scale 
used in ABR measurement referenced to average behav- 
ioral threshold for the click stimulus of a small group of 
normal-hearing subjects. 

dB SL Decibels sensation level Sound intensity described 
in reference to an individual patient’s behavioral thresh- 
old for an audiometric frequency or another measure 
of hearing threshold, such as the speech-reception 
threshold. 

dBSPL Decibels sound pressure level A decibel scale 
referenced to a physical standard for intensity, such as 
0.0002 dyne/cm?. 

Dichotic Simultaneous presentation of a different sound 
to each ear. 

DPOAEs Distortion product otoacoustic emissions 
Otoacoustic emissions evoked by two closely spaced 
pure tone frequencies that measure outer hair cell func- 
tion and nonlinear activity within the cochlea 

DPgram, DPOAEgram A graph of distortion product oto- 
acoustic emission amplitude in the ear canal (dBSPL) as 
a function of the frequencies of the stimulus tones (Hz). 

ECochG Electrocochleography Recording of evoked 
responses originating from the cochlea (the summating 
potential (SP), the cochlear microphonic (CM), and the 
eighth cranial nerve (the action potential, AP). 

ENG Electronystagmography A test of vestibular func- 
tion in which nystagmus is recorded with electrodes 
placed near the eyes during stimulation of the vestibular 
system. 

ENoG Electroneurography Recording of myogenic activ- 
ity of the facial muscles, usually in the nasolabial fold, 
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in response to electrical stimulation of the facial nerve 
as it exits the stylomastoid foramen. 

Hearing in Noise Test (HINT) A clinical test of speech 
perception of sentences in noise. The sentence-to-noise 
difference (ratio) is manipulated during administration 
of the HINT. 

Immittance The word immittance is a combination of 
two related terms: impedance and admittance. Each 
term is defined in the glossary. 

Impedance An acoustic immittance measure correspond- 
ing to the resistance to energy flow through the middle 
ear system 

Interaural attenuation Insulation to the crossover of 
sound (acoustic or mechanical energy) from one ear 
to the other provided by the head. Varies depending 
on whether the signal is presented by air conduction 
(interaural attenuation more than 40 dB) or bone con- 
duction (interaural attenuation less than 10 dB). Insert 
earphones offer maximum interaural attenuation. 

Malingering Feigning or exaggerating a hearing loss. Also 
called presbycusis, functional hearing loss, or nonor- 
ganic hearing loss. 

Masking (masker) A controlled background noise pre- 
sented usually to the ear not being tested in an audiomet- 
ric procedure to prevent a response from that ear caused 
by crossover when interaural attenuation is exceeded. 

Masking dilemma A problem encountered in audio- 
metric assessment of patients with severe conductive 
hearing loss. The level of masking noise necessary to 
overcome the conductive component and adequately 
mask the ear not being tested exceeds interaural attenu- 
ation levels. The masking noise can cross over to the ear 
being tested and mask the signal, such as a pure tone 
or speech. In the masking dilemma, enough masking 
is too much masking. The masking dilemma can be 
reduced by the use of insert earphones. The sensory acu- 
ity level test also is helpful for measuring ear-specific 
bone conduction hearing thresholds for patients who 
present the masking dilemma. 

MCL Most comfortable level The intensity level of a 
sound perceived as comfortable. 

MLD Masking level difference An audiometric proce- 
dure used to compare a threshold response with mask- 
ing noise presented in phase as opposed to out of phase 
with a pure-tone or speech signal. Release from masking 
is a normal phenomenon reflecting auditory brainstem 
integrity. 

OAE Otoacoustic emissions Sounds generated by energy 
produced by the outer hair cells in the cochlea and 
detected with a microphone placed in the external ear 
canal. 

PB Phonetically balanced Word lists developed in the 
late 1940s that contain all the phonetic elements of 
general American English speech that occur with the 
approximate frequency of occurrence in conversational 
speech. 


PI Performance intensity A measure of speech recogni- 
tion or understanding as a function of the intensity level 
of the speech signal. See rollover. 

PTA Pure-tone average The arithmetic average of hear- 
ing threshold levels for 500, 1,000, and 2,000 Hz, or 
the speech frequency region of the audiogram. The PTA 
should agree within +7 dB with the speech-reception 
threshold. 

Rollover A decrease in speech recognition performance, 
in percentage correct, at high signal intensity levels as 
opposed to lower levels. Rollover is an audiometric sign 
of retrocochlear auditory dysfunction. 

SAL Sensory acuity level An audiometric procedure 
developed by Jerger for assessing bone-conduction 
hearing among patients with serious conductive hear- 
ing loss. Air-conduction thresholds are determined 
without masking and with masking presented by bone 
conduction to the forehead. The size of the masked shift 
in hearing thresholds corresponds to the degree of the 
conductive hearing loss component. 

SAT (SDT) Speech awareness threshold (speech detec- 
tion threshold) The lowest intensity level at which a 
person can detect the presence of a speech signal. The 
SAT approximates the best hearing level in the 250 to 
8,000 Hz audiometric frequency region. 

SISI Short increment intensity index A clinical pro- 
cedure developed by Jerger for assessing the ability to 
detect a 1 dB increase in intensity. A high SISI score is 
consistent with cochlear auditory dysfunction. 

S/N Signal-to-noise ratio The signal-to-noise ratio is the 
difference between the intensity level of a sound or elec- 
trical event and background acoustic or electrophysi- 
ologic energy. 

SRT Speech-reception level The lowest intensity level at 
which a person can accurately identify a speech signal, 
such as two-syllable spondee words. See PTA. 

SSI Synthetic sentence identification A measure of cen- 
tral auditory function that involves identification of 
syntactically incomplete sentences (a closed set of 10 
sentences) presented simultaneously with a competing 
message (an ongoing story about Davy Crockett). 

SSW Staggered spondaic word test A measure of central 
auditory function developed by Katz in which spondee 
words are presented dichotically. 

Tone decay test A clinical measure of auditory adap- 
tation in which a tone is presented continuously to 
an ear with a hearing loss until it becomes inaudi- 
ble. There are numerous versions of tone decay tests. 
Excessive tone decay is a sign of retrocochlear auditory 
dysfunction. 

TROCA Tangible reinforcement operant condition- 
ing audiometry A pediatric behavioral audiometry 
technique used to reinforce a response to auditory 
signals with food. TROCA is used mainly in the care 
of children with mental retardation or developmental 
delay. 
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UCL (LDL) Uncomfortable level (loudness discomfort 
level) The intensity level of a sound perceived as too 
loud. 

VRA Visual reinforcement audiometry A_ pediatric 
behavioral audiometry procedure used to reinforce 
localization responses to acoustic signals with a visual 
event, such as an animal playing. 


m Pure-tone audiometry is the most common measure 
of hearing sensitivity. 

m Masking is the audiometric technique used to elimi- 
nate participation of the ear not being tested when- 
ever air- and bone-conduction stimulation exceeds 
interaural attenuation. 

m Speech audiometry procedures usually are per- 
formed to measure hearing sensitivity (thresholds 
in decibels) for words or to estimate word recogni- 
tion, such as speech discrimination, ability. 

m Immittance is a term derived from the terms for two 
related techniques of assessing middle ear function 
(impedance and admittance), techniques that have 
been used clinically since 1970. 

m Tympanometty is the dynamic recording of middle 
ear impedance as air pressure in the ear canal is sys- 
tematically increased or decreased. 

m Acoustic reflex measurement is useful clinically 
because it can quickly provide objective informa- 
tion about the status of the auditory system from 
middle ear to brainstem. 

m Extensive research has shown that the ABR wave 
components arise from the eighth cranial nerve and 
auditory regions in the caudal and rostral brainstem. 

m Optimal ECochG waveforms are recorded with a 
small needle electrode placed through the tympanic 
membrane onto the promontory, although place- 
ment on the tympanic membrane and to a lesser 
extent the ear canal also is clinically useful. 

m= OAEs are low-intensity sounds produced by the 
cochlea in response to an acoustic stimulus. OAEs 
are a popular technique for hearing screening of 
infants and older children, and for objective diag- 
nostic confirmation of outer hair cell integrity 

= Indicators of sensorineural or conductive hearing 
loss among neonates and infants include intrauter- 
ine infection, bacterial infection, asphyxia, hyperbil- 
irubinemia, and head trauma, as well as neurologic 
insults during infancy. 

= No single measure of auditory function is adequate 
for comprehensive hearing assessment. 

m Hearing loss, regardless of causation, affects the 
speech and language development of infants and 
young children. 
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Vestibular Function and 
Anatomy 


J. Christopher Holt 


Nearly all animals have ways of monitoring their own 
movements and orienting themselves with respect to vari- 
ous sensory cues in their environment. In vertebrates, such 
behaviors depend heavily on a functioning vestibular 
system, a critical sensory system that begins in the inner 
ear as a collection of peripheral detectors for motion 
and gravity and ends among a number of higher neural 
centers within the central nervous system (CNS). These 
higher centers process and integrate incoming motion 
information from the periphery to inform our perception 
of our position in space and relative to other objects, to 
coordinate our movements, and to formulate appropriate 
reflexes (1). The vestibular system is physically linked to 
the peripheral auditory system through their cohabitation 
in the inner ear, and like the auditory system, ultimately 
converts mechanical forces (i.e., rotation, translation, and/ 
or gravitational forces rather than sound energy) into a 
neural code that is interpreted centrally. The ability of the 
vestibular system to detect movements of the head and 
body resides in the vestibular hair cell whose sensitivity to 
mechanical stimuli is coupled to a series of electrochemi- 
cal processes that ultimately change the firing rate of ves- 
tibular afferent neurons. Despite the obvious necessity for 
the vestibular system, we often fail to appreciate its role 
unless it becomes deficient or defective, at which point, 
one becomes acutely aware of its importance. In the pages 
that follow, we discuss the gross anatomy of the periph- 
eral vestibular system, the anatomy and physiology of ves- 
tibular hair cells and afferent neurons, the biophysics of 
sensory transduction, and the organization and functional 
connectivity of vestibular inputs to the CNS. This chap- 
ter serves only as an introduction to the vestibular system; 
for a more thorough treatment, readers are encouraged to 
consult dedicated texts. 


Shawn D. Newlands 


The vestibular labyrinth of vertebrates is an anatomically 
complex structure consisting of a series of fluid-filled tubes 
and sacks containing distinct sensory end organs for the 
detection of both angular and linear acceleration of the 
head and body (Fig. 143.1). In mammals, the membranous 
vestibular labyrinth is threaded through a bony labyrinth 
formed by the dense, hard bone of the otic capsule, within 
the petrous portion of each temporal bone. A sodium-rich, 
CSF-like fluid called perilymph bathes the space between 
the bony and membranous labyrinth, whereas the lumen 
of the membranous labyrinth is filled with endolymph, 
a potassium-rich fluid that closely resembles the normal 
intracellular milieu. Both the perilymphatic and endo- 
lymphatic spaces of the vestibular labyrinth are contigu- 
ous with the respective spaces of the cochlea. As such, both 
fluid compartments circulate between the cochlea and the 
vestibular labyrinth, and thus the homeostatic mecha- 
nisms for hearing discussed in Chapter 141 are crucial for 
vestibular function as well. 

The term vestibular labyrinth generally refers to the 
paired right and left labyrinths together, which are essen- 
tially mirror images of each other (see Fig. 143.2A). Each 
side is comprised of three orthogonally arranged semicir- 
cular canals (horizontal or lateral, anterior or superior, and 
posterior) and two sac-like structures called the utricle and 
saccule. The utricle and saccule are collectively referred to 
as the otolith organs. Innervation for the canals, saccule, 
and utricle all travel in the vestibular nerve portion of cra- 
nial nerve VIII. The anterior canal, horizontal canal, utricle, 
and anterior one-third of the saccule receive their innerva- 
tion by way of the superior division of the vestibular nerve, 
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Figure 143.1 The vestibular labyrinth and its innervation. AN, 
auditory nerve; CC, common crus; CN VIII, cranial nerve 8; HC, 
horizontal canal; IG, inferior ganglion; PC, posterior vertical semi- 
circular canal; S, saccule; SC, superior or anterior vertical semicir- 
cular canal; SG, superior ganglion; U, utricle; VN, vestibular nerve. 
Shaded areas at each of the nerve endings represent the sensory 
neuroepithelium. 


whereas the inferior division innervates the posterior two- 
thirds of the saccule and posterior canal (Fig. 143.1). Upon 
reaching each end organ, the innervation terminates within 
the sensory portions of the membranous labyrinth. The 
sensory neuroepithelium of the semicircular canals and 
otolithic organs are called the crista and macula, respec- 
tively (Fig. 143.1). 


Right PC 
Left PC 


Anterior and posterior vertical canals 


One end of each semicircular canal is expanded to form 
what is called the ampulla. The ampulla is presumably 
enlarged to accommodate the sensory neuroepithelium and 
associated accessory structures. The ampulla of either the 
horizontal or superior semicircular canal is located at the 
anterior end of each canal, whereas the ampulla of the pos- 
terior semicircular canal is located more laterally. The non- 
ampullated ends of the posterior and superior semicircular 
canals join to form the common crus that subsequently 
enters the vestibule posteromedially. The nonampullated 
end of the lateral semicircular canal enters the vestibule 
posterolaterally. 

The semicircular canals detect angular acceleration and 
thus are well suited for monitoring rotations of the head. 
A canal’s greatest sensitivity to angular acceleration occurs 
when the head rotation is made within the plane of that 
canal. The anatomical organization of the three semi- 
circular canals within the temporal bone is illustrated in 
Figure 143.2. Horizontal canals are pitched approximately 
30 degrees above the horizontal axial plane while the head 
is upright. The vertical canals (i.e., anterior and posterior) 
are situated roughly at right angles to the horizontal canals 
and to each other. Thus, when one looks down at the top 
of the head, the plane of the anterior canal is oriented 
at approximately 45 degrees off the midsagittal axis and 
45 degrees anterior to the interaural line. The plane of the 
posterior canal is also 45 degrees off the midsagittal line 
but aligned roughly 45 degrees behind the interaural line. 
Thus, the anterior canal on the left is essentially parallel to 
the posterior canal on the right. The right anterior canal 
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Figure 143.2 A: Orientation of the vertical canals in the human head. B: Plane of the lateral (hori- 


zontal) semicircular canals. AC, anterior or superi 


or vertical semicircular canal; IA, interaural; LC, lateral 


or horizontal semicircular canal; N-O, nasal-occipital axis; PC, posterior vertical semicircular canal. 


and the left posterior canal are similarly aligned. The plane 
parallel to the left anterior canal and right posterior canal 
passing through the center of the head is perpendicular to 
the horizontal canal plane and is referred to as the LARP 
plane. Conversely, the plane perpendicular to both the 
horizontal canal plane and the LARP plane, but parallel to 
the right anterior and left posterior plane is referred to as 
the RALP plane. Because of this canal pairing system (i.e., 
HC-HC, LA-RP, and RA-LP), movement that excites one 
canal will inhibit the other, which forms the basis for a 
push-pull system. As we discuss later, both the excitation 
and inhibition converge centrally to improve the sensitiv- 
ity of the system. 

The otolith organs, represented in most mammals and 
humans by the utricle and saccule, are housed in the major 
chamber of the vestibular labyrinth called the vestibule. In 
contrast to the semicircular canals, the otolith organs detect 
linear acceleration in the plane of each organ. Though 
neither organ is perfectly planar, the utricular macula is 
approximately aligned parallel to the earth and is roughly 
aligned with the ipsilateral horizontal canal (Fig. 143.3). 
The saccular macula is perpendicular and at right angles 
to the utricle. Thus, the utricle is sensitive to motion in 
the horizontal plane, and the saccule is sensitive to move- 
ments in the sagittal plane. Collectively, the otolith organs 
are anatomically organized to detect and monitor linear 
accelerations along three axes that are perpendicular to 
each other: interaural, nasal—-occipital, and rostral-caudal 
(Figs. 143.2 and 143.3). 


Figure 143.3 Approximate planar layout of the otolith organs. 
MS, Macular saccule; MU, macular utriculi; IA, interaural axis; NO, 
nasal—occipital axis; RC, rostral-caudal axis. 
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CELLULAR ANATOMY OF THE 
VESTIBULAR END ORGAN 


In order to understand the cellular basis of how various 
head movements are detected and encoded by the periph- 
eral vestibular system, further examination of the end 
organ is warranted. An illustration of the sensory neuro- 
epithelium typical of each vestibular end organ is shown 
in Figure 143.4A. A cross-section through either the crista 
or macula reveals four distinct cellular constituents: (a) 
hair cells, (b) supporting cells, (c) afferent nerve fibers and 
terminals, and (d) efferent nerve fibers and terminals. The 
roles that each constituent plays in vestibular physiology 
and function are highlighted below. 


Vestibular Hair Cells 


As with the auditory system, sensory transduction in the 
vestibular system is accomplished by a specialized neuro- 
epithelial cell called the hair cell, so named because of the 
tuft of finger-like projections located along its apical pole 
(Fig. 143.4A). It is this apical tuft that confers mechani- 
cal sensitivity to both auditory and vestibular hair cells. 
On the basis of their morphology, physiology, and affer- 
ent innervation, vestibular hair cells are classified as either 
type I or type II (2). The type II hair cell is a prototypi- 
cal, cylindrically shaped hair cell that receives its affer- 
ent innervation as a number of bouton terminals along 
its basolateral edges. In contrast, the type I hair cell is 
flask-shaped with a rounded base and constricted apical 
neck, and is innervated by a cup-like, calyx afferent ter- 
minal, which almost entirely encapsulates the type I hair 
cell. Hair cells communicate with their respective affer- 
ent neurons by releasing the excitatory neurotransmitter 
glutamate from specialized presynaptic structures called 
synaptic ribbons. Type II hair cells are found in the ves- 
tibular end organs of all vertebrates while type I hair cells 
and calyx afferent neurons are restricted to amniotes (i.e., 
reptiles, birds, and mammals). Likely emphasizing their 
respective functional roles, type I and type II hair cells 
and their respective afferent neurons often follow zonal 
boundaries and thus are not evenly distributed through- 
out the crista or macula. 

Although most of the hair cell and all of its innerva- 
tion occupy the perilymphatic space, the hair bundle itself 
is suspended in the endolymphatic compartment. Here, 
it projects into a gelatinous accessory structure called 
the cupula in canals or the otolithic membrane in the 
utricle and saccule. This particular anatomical arrange- 
ment is necessary for the proper function of the hair cell 
and its detection of head movements. The hair bundles 
of vestibular hair cells are composed of a single eccentri- 
cally placed kinocilium and multiple rows of stereocilia 
(Fig. 143.4). There are typically 20 to 100 stereocilia per 
hair cell. The kinocilium is the tallest member of the hair 
bundle and its position at the edge of the apical surface 
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Figure 143.4 Anatomy and physiology of the sensory neuroepithelium. A: Cellular constituents 
of the sensory neuroepithelium. BA, bouton afferent; BM, basement membrane; CA, calyx affer- 
ent; EN, efferent neuron; HCN, hair cell nucleus; |, type | hair cell; Il, type II hair cell; K, kinocilia; S, 
stereocilia; SC, supporting cell; SR, synaptic ribbon. Hair cells continuously release neurotransmitter 
that depolarizes afferent terminals to generate action potentials. Recording from a calyx afferent re- 
veals the baseline discharge (bottom). B: Coupling acceleration to hair cell stimulation and afferent 
discharge. Rotation or translation to the left results in an inertial shift of the cupula or otoconial mass 
to the right. This shift deflects the hair bundle toward the kinocilium, which opens MET channels in 
the stereocilia to further depolarize the hair cell. Hair cells subsequently release more glutamate on 
to afferent terminals resulting in an increase in action potential discharge. Note the increase in the 


rate of action potentials (bottom). 


indicates the orientation of the hair cell. An orderly array 
of adjacent stereocilia is organized in a descending stair- 
case formation when moving away from the kinocilium. 
As can be seen in Figure 143.5, this particular geometri- 
cal arrangement confers a so-called morphological polar- 
ization vector (PV) or axis, which can be identified by 
drawing a line from the smallest stereocilia through the 
kinocilium. It turns out that the functional axis of the hair 
cell is aligned with the morphological axis. It is along this 
axis that a hair cell is most sensitive to displacement of 
the bundle. This is made possible by the expression of 
mechanoelectrical transduction (MET) channels along 
the tips of the stereocilia that open during hair bundle 
deflection (3). The mechanosensitivity of MET channels 
is provided by filamentous tip links that connect MET 
channels in a lower stereocilium with the membrane of its 
taller, adjacent neighboring sterocilium. Relative motion 
of the stereocilia, upon deflecting the hair bundle toward 
the kinocilium, exerts tension on the tip links thereby 
prompting the opening of MET channels. What results is 
an influx of potassium ions from the endolymphatic com- 
partment into the stereocilia that subsequently depolar- 
izes the hair cell. Conversely, deflection of stereocilia away 


from the kinocilium decreases tip link tension, closes 
MET channels, and subsequently hyperpolarizes the hair 
cell. Displacement of the stereocilia perpendicular to the 
polarization axis, however, causes little to no response in 
the hair cell. In any one sensory end organ, neighboring 
hair cells tend to have PVs that are aligned. This is cer- 
tainly true of canal hair cells whose hair bundles all face 
the same direction. Hair bundle orientation in otolithic 
maculae, however, varies considerably particularly along 
the striola, a line where hair bundle orientation reverses 
direction nearly 180 degrees (see Fig. 143.6). 

Like most neurons, hair cells are able to maintain a 
negative resting membrane potential, which is necessary 
for conveying mechanical events at the bundle to vestibu- 
lar afferent neurons that synapse along their basolateral 
edges. In the absence of a vestibular stimulus (i.e., no 
bundle deflection), enough MET channels are thought 
to remain open to sufficiently depolarize vestibular hair 
cells. This baseline depolarization permits the continu- 
ous release of glutamate from synaptic ribbons located 
along the basal pole of the hair cell. Once released, 
glutamate then activates postsynaptic glutamate receptors 
to depolarize adjacent afferent nerve terminals. Afferent 


Figure 143.5 Directional sensitivity of the hair cell approximat- 
ing a cosine function of stimulus direction. The output varies as 
the cosine of the angle between the direction of maximum sensi- 
tivity and the applied displacement varies. PV, polarization vector. 
(Modified from Loewenstein WR. Handbook of sensory physiol- 
ogy, Vol. 1. In: Principles of receptor physiology. New York, NY: 
Springer-Verlag, 1971:415, with permission.) 


depolarization results in the generation of action poten- 
tials in the afferent neuron that are then transmitted to 
the brain (Fig. 143.4A). This type of release process is 
important because it allows for bidirectional modulation 


Figure 143.6 Polarization of hair cells on the otolith organs. 
Direction of arrows indicates direction of the hair bundle deflection 
that excites hair cells in that region of the macula. Dashed line repre- 
sents the striola where hair bundle orientation flips by 180 degrees. 
(Modified from Barber HO, Stockwell CW. Manual of electronyst- 
mography, 2nd ed. St. Louis, MO: Mosby, 1980:31; Fig. 2-21.) 


Chapter 143: Vestibular Function and Anatomy 


2295 


of hair cell transmitter release as well as the downstream 
rate of afferent action potentials. Deflection of the hair 
cell bundle toward the kinocilium depolarizes the hair 
cell, enhances glutamate release, and increases the rate of 
afferent action potentials, whereas deflection of the hair 
cell bundle away from the kinocilium hyperpolarizes the 
hair cell, reduces transmitter release, and decreases the 
rate of action potentials. In this way, one hair cell can 
detect both acceleration and deceleration along the axis 
of their morphological PV. 


Supporting Cells 


In addition to hair cells, the neuroepithelium also contains 
other epithelial cells called supporting cells, aptly named 
as they provide both structural and homeostatic “sup- 
port” to the sensory epithelium. The nucleus and much of 
the supporting cell’s cytoplasm can be found between the 
base of hair cells and the underlying basement membrane 
(Fig. 143.4A). From there, they extend upward where they 
envelop both hair cells and afferent neurons. Along their 
apical margins, supporting cells combine with hair cells to 
form a tight barrier between the perilymphatic and endolym- 
phatic compartments. Functions of supporting cells include 
glutamate uptake, potassium transport, and the synthesis 
and secretion of extracellular macromolecules that makeup 
the cupula and otolithic membrane. Another group of sup- 
porting cells called dark cells can be found at the margins 
of the transitional epithelium surrounding the neuroepithe- 
lium. They are critical in the production and maintenance of 
the ionic composition of the endolymph (4). 


Vestibular Afferent Neurons 


Based on of the morphology of their peripheral termina- 
tions, vestibular afferent neurons are classified as one of 
three distinct types: bouton, calyx, or dimorphic. As indi- 
cated earlier, calyx afferent neurons with their calyceal end- 
ings terminate exclusively on type I hair cells where they can 
innervate anywhere from one to five hair cells. Bouton affer- 
ent neurons end as small button-like terminals along the 
basolateral membrane of only type II hair cells. Dimorphic 
afferent neurons are a hybrid bearing both calyx endings on 
type I hair cells and bouton endings on type II hair cells. 
In mammals, dimorphic afferent neurons represent the 
largest proportion of afferent fibers in the vestibular nerve. 
Conveniently, immunohistochemical studies have also 
shown that antibodies against the calcium-binding protein 
calretinin and the intermediate filament protein peripherin 
can be used to identify these three afferent classes. Calretinin 
is only seen in calyx afferent neurons, whereas peripherin is 
seen only in bouton afferent neurons. Both markers, how- 
ever, are not expressed in dimorphic afferent neurons. 
There are other anatomical distinctions among these 
different afferent types. Calyx afferent neurons have char- 
acteristically thick axons, whereas bouton afferent neurons 
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are much thinner. Dimorphic afferent neurons, however, 
run the gamut of thick to thin with respect to fiber diam- 
eter. Here, it is more convenient to relate the thickness 
of vestibular afferent neurons with their different zonal 
innervation patterns. The neuroepithelium of the semi- 
circular canals (i.e., crista) can be divided concentrically 
into a central, intermediate, and peripheral zone with type 
I hair cells predominating in the central zone and type II 
hair cells being more common in the intermediate and 
peripheral zones (5,6). As such, calyx afferent endings are 
restricted to the central zone, whereas bouton afferent neu- 
rons terminate in the peripheral zone. Dimorphic afferent 
neurons innervate all three zones where their relative axo- 
nal diameter is graded from thick to thin as you move from 
the central to peripheral zones. A comparable organization 
is seen in the utricle where calyx afferent neurons termi- 
nate in the striolar region, dimorphic afferent terminals are 
seen throughout the macula, and bouton afferent neurons 
terminate peripherally. It is thought that similar regional- 
ization occurs in the saccule as well. 

One might suspect that given their different anatomical 
attributes, vestibular afferent neurons would likely exhibit 
variations in their physiology. In fact, differences in conduc- 
tion velocity, discharge regularity, and sensitivity to vestibu- 
lar and galvanic stimulation can also be used to identify a 
vestibular afferent’s morphological class (i.e., calyx, dimor- 
phic, and bouton). Calyx afferent neurons innervating the 
central crista zone or striolar region of otolithic organs are 
irregularly discharging, quite sensitive to galvanic stimula- 
tion, and yet have a low sensitivity to vestibular stimula- 
tion. Dimorphic afferent neurons vary depending on what 
zone they innervate. For example, dimorphic afferent neu- 
rons terminating more centrally (or within the striola) are 
irregularly discharging and sensitive to both galvanic and 
vestibular stimulation. In contrast, dimorphic and bou- 
ton afferent neurons terminating peripherally (either in 
the macula or crista) are regularly discharging and much 
less sensitive to both galvanic and natural stimulation (7). 
While vestibular stimuli actively engage the hair bundle’s 
transduction apparatus, galvanic (i.e., electrical) stimula- 
tion is thought to directly interact with the afferent’s spike 
encoder, the site of action potential generation. In this way, 
galvanic stimulation presumably bypasses the hair cell and 
provides an assessment of the afferent’s response proper- 
ties. Therefore, differences in hair cell input (e.g., type I vs. 
type I) might account for afferent neurons having similar 
galvanic sensitivities, but different responses to vestibular 
stimuli. Such is likely the case for comparisons between 
calyx and central dimorphic afferent neurons. 

These different afferent types may be of more interest 
than just physiological curiosity. The high sensitivity of 
irregular afferent neurons makes them ideal to detect small 
perturbations but they are expected to display nonlinear 
response dynamics given that they readily silence when the 
head moves in the inhibitory direction. These afferent neu- 
rons may be best suited for quick, nonlinear reflexes such as 


vestibulospinal responses used to prevent a fall. In contrast, 
the linear characteristics of the thinner, more regular affer- 
ent neurons are likely more appropriate for linear vestibu- 
lar reflexes, like the vestibuloocular reflex, that must work 
over a wide range of frequencies and peak velocities (8). 

Both semicircular canal and otolith afferent neurons are 
cosine tuned, which means that they have one best char- 
acteristic response vector. For utricular afferent neurons, 
these vectors can lie anywhere in the horizontal plane and 
are dependent on the orientation vector of the hair cells 
that they innervate. The responses of afferent neurons are 
proportional to the cosine of the angle between the direc- 
tion of stimulation and the orientation vector of the affer- 
ent neurons. Similarly, the rotational vector of maximum 
stimulation for semicircular canal afferent neurons is in 
the plane of rotation of the canal. The response of the 
afferent neuron decreases as a function of the cosine of the 
angle between the plane of rotation and the canal plane. 
The cosine tuning of the afferent neuron is consistent with 
the fact that transmitter release by hair cells is propor- 
tional to the cosine of the angle between the displacement 
of the hair cell bundle and the direction of stimulation 
(Fig. 143.5). The coding of the vestibular system is such 
that the direction of stimulation is determined by which 
afferent neurons are stimulated and the intensity of the 
movement is related to the intensity of the response of the 
stimulated afferent neuron. 


Vestibular Efferent Neurons 


The vestibular neuroepithelium is also innervated by ves- 
tibular efferent neurons. These predominantly cholinergic 
neurons originate bilaterally in the brainstem in areas adja- 
cent to the abducens nucleus and genu of the facial nerve. 
They exit the brainstem and enter the vestibular periphery 
by way of cranial nerve VIII. Upon reaching the vestibular 
end organs, efferent neurons can terminate along the base 
of type II hair cells, on bouton afferent terminals that syn- 
apse on type II hair cells, or on the outer face and parent 
axon of calyx afferent neurons (Fig. 143.4A). Observations 
of a direct efferent innervation of type I hair cells are rare as 
the type I hair cell is mostly shielded by the calyx ending. 
Electrical stimulation of efferent neurons has been shown 
to hyperpolarize or depolarize hair cells as well as directly 
excite vestibular afferent neurons (9). The functions of the 
vestibular efferent system in mammals are not well under- 
stood but likely include modulating the excitability and 
sensitivity of both vestibular hair cells and afferent neu- 
rons to incoming vestibular stimuli. 


BASIC PHYSICS OF 
MECHANOTRANSDUCTION 


To reiterate, with respect to head motion, the utricle and 
saccule detect and transduce linear accelerations (i.e., 
translation or gravity), whereas the semicircular canals 


have the task of detecting and transducing angular accel- 
erations (ie., rotations). Now that we understand the 
basic principles by which vestibular hair cells operate 
and communicate with vestibular afferent neurons, how 
do we physically couple the mechanosensitivity of hair 
cells to the different kinds of head movements? This feat 
is accomplished by tethering the hair bundle to some 
inertial mass that is appropriately displaced during head 
movements. For semicircular canals, hair bundles insert 
into the cupula, whereas for the utricle and saccule, hair 
bundles are attached to the otolithic membrane. Figure 
143.4A illustrates how the neuroepithelium behaves in 
the moments before a vestibular stimulus arrives (i.e., 
no acceleration). Under these circumstances, continuous 
release of glutamate from the hair cell helps to maintain 
the baseline firing of afferent action potentials. Figure 
143.4B shows the sequential responses of the neuroepithe- 
lium when it is suddenly accelerated to the left. Given their 
inertial properties, the cupula or otolithic membrane shifts 
in the opposite direction to head rotation, in this case to 
the right. This shift deflects the hair bundles toward the 
kinocilium that then opens MET channels to depolarize 
hair cells to release more glutamate, thereby increasing the 
discharge rate of the afferent nerve. 

To describe displacements of the cupula and otolithic 
membrane during head movements, it is helpful to use 
Newton’s second law, which relates the acceleration (@, a 
vector having both direction and amplitude) of any object 
of mass (m) to the force (F, also a vector) needed to accel- 
erate the said object. For the saccule and utricle, calcium 
carbonate crystals, or otoconia, sitting atop the otolithic 
membrane, provide the inertial mass. For describing linear 
acceleration of the otoconial mass, Newton’s second law 
can be written as F = ma. However, the otoconial mass is 
also affected by gravity (g, yet another vector). Thus, the 
total force acting on the otolithic membrane is F = m(a@ 
+), which shows that otoconial mass will not differenti- 
ate linear acceleration from gravity (i.e., translation vs. tilt). 
For describing how angular acceleration stimulates the 
semicircular canal, Newton's second law would be writ: 
ten as T = J x a, where a is angular acceleration and T 
is amount of torque produced by that acceleration. J, the 
moment of inertia (i.e., mass equivalent), is provided by 
the endolymph within the membranous labyrinth. Torque 
is not affected by linear acceleration, which is consistent 
with role of the semicircular canals in detecting only head 
rotations. 


MECHANOTRANSDUCTION IN THE 
SEMICIRCULAR CANALS 


Recall that the semicircular canals are toroidal or dough- 
nut-shaped (Figs. 143.1 and 143.7). As the membranous 
labyrinth threads its way through the temporal bone, 
it is anchored to the bony labyrinth in several spots. 
Each ampulla, in addition to containing the sensory 
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Figure 143.7 Semicircular canal. (Modified from Milsum J. 
Biological control systems analysis. New York, NY: McGraw-Hill, 
1966, with permission.) 


neuroepithelium, houses the cupula that practically spans 
the entire lumenal space beyond the apical edges of the 
crista to form a septum or diaphragm. Hair cells are cou- 
pled to this diaphragm by projecting their hair bundles 
into the cupula. As a result of this design, any rotation 
in the plane of the canal moves the bony and membra- 
nous labyrinth along with the head, whereby the inertia 
of the endolymph in the membranous canal causes deflec- 
tion of the cupula in the opposite direction. As the cupula 
is deflected, the stereocilia bend either toward or away 
from the kinocilium, ultimately leading to an increase or 
decrease, respectively, in the firing rate of canal afferent 
neurons. The system is maximally sensitive to rotations 
made within the plane of the canal. This is because the 
kinocilia and resulting morphological orientation axes 
of hair cells are parallel to the long axis of the canal. In 
case of the lateral semicircular canal, hair cells are excited 
when endolymphatic flow deflects the cupula toward the 
vestibule. Hair cell excitation in the posterior and superior 
semicircular canals requires endolymphatic flow to deflect 
the cupula away from the vestibule. 

Over 50 years ago, Steinhausen developed a theoretical 
model of the semicircular canal called the torsion pendulum 
model. By estimating the mass and viscous damping prop- 
erties of the endolymph, the resetting force of the cupula, 
and by measuring the geometric properties of the semicir- 
cular canal, one can relate cupular deflection to rotation of 
the head. The model predicts that deflection of the cupula 
is proportional to head velocity so long as the frequency 
of head velocity falls between 0.1 and 10 Hz. Beyond the 
boundaries of this frequency range, however, the sensitivity 
of the semicircular canal to velocity decreases as cupular 
deflection under these conditions is not as great. At 0 Hz, 
which corresponds to constant-velocity rotation, the 
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torsion-pendulum model predicts there will be no response. 
The model's prediction agrees with the perception of a per- 
son who is turned at a constant velocity around a vertical 
axis. Subjects can detect the initial acceleration, but in the 
absence of other sensory cues such as vision, they can no 
longer sense further rotation after 30 to 60 seconds. At this 
time, if subjects are suddenly brought to a full stop, they 
will have the distinct sensation of turning in the opposite 
direction. This is because of the inertia of the endolymph, 
which continues to rotate and now deflects the cupula in 
a direction opposite to that seen with the initial rotation. 
Reflexive eye movements measured during these steps of 
velocity mirror the sensation felt by the subjects and are 
the basis for several clinical vestibular assessments includ- 
ing the Barany test and tests of the vestibuloocular reflex. 


MECHANOTRANSDUCTION IN THE 
OTOLITH ORGANS 


As with the semicircular canals, the apical bundles of hair 
cells in the macula of otolith organs (i.e., utricle and sac- 
cule) are also tethered overhead to a gelatinous superstruc- 
ture. Instead of cupular deflections driven by the inertial 
mass of the endolymph during angular accelerations, the 
inertial mass in otolithic organs is provided by a mound 
of calcium carbonate crystals known as otoconia that sits 
atop the otolithic membrane. Located immediately under- 
neath are the sensory hair cells whose apical bundles are in 
direct contact with the otolithic membrane. Such mechani- 
cal linkage allows hair cells in the otolithic organs to detect 
linear motion of the head and body. Here, displacement 
of the otolithic mass occurs due to translational motion 
or changes in orientation with respect to gravity, both of 
which involve linear acceleration. 

Unlike the semicircular canals, where the PVs of each 
of the hair cells in the crista are directionally aligned, the 
PVs of hair cells in otolithic maculae are oriented in differ- 
ent directions, making each hair cell maximally sensitive to 


Figure 143.8 Simplified otolith organ. The otoconial 
mass (OT) is suspended above the sensory hair cells (HC) 
in an exploded view. Each hair cell is innervated by one 
afferent nerve fiber (Nf). These nerve fibers join together 
to form a branch of the vestibular nerve. Each hair cell has 
a small arrow above it that corresponds to the direction 
of its functional PV. This arrow is always pointing in the 
direction of the kinocilium. The long arrow above the oto- 
lithic mass is a linear acceleration vector. The response of 
hair cell depends on the cosine of the direction between 
its PV and linear acceleration (a). 


acceleration in that particular direction (Fig. 143.6). A sim- 
plified otolithic organ is illustrated in Figure 143.8. Small 
arrows above each hair cell indicate the functional axis of 
that particular hair cell where the direction of maximal 
excitation would occur. The long arrow at the top indicates 
the acceleration of the otolith mass. Hair cells whose func- 
tional axes are aligned with the acceleration of the mass 
are excited maximally, whereas hair cells that have perpen- 
dicular PVs are not stimulated. It is from this arrangement 
of hair cells that the brain can estimate the magnitude 
and direction of linear acceleration. If all PVs were iden- 
tically aligned as in the canal, it would be impossible to 
determine the magnitude and direction of an acceleration 
vector in the plane of any otolithic macula. At least two 
different orientations are needed to resolve the vector in 
two dimensions just as at least three separate orientations 
are needed to resolve the magnitude and direction of an 
acceleration vector in three dimensions. 

Each otolithic organ has sensory hair cells arranged 
in a wide variety of orientations with respect to their PVs 
(Fig. 143.6). This is particularly evident within the strio- 
lar region where the orientation of hair cells on either 
side of the striola is roughly 180 degrees out of phase. In 
otolithic maculae, the striola is an approximately 100 um 
zone that runs the length of the macula. The striola divides 
the utricular or saccular macula into medial or dorsal and 
lateral or ventral extrastriolar zones, respectively. PVs are 
oriented toward the striola in the utricular macula and 
away from the striola in the saccular macula. This planar 
geometry essentially allows detection of linear accelera- 
tions in all directions of the plane. Because of this archi- 
tecture, the asymmetries inherent in the sensitivity of a 
single hair cell can be canceled out within one otolithic 
organ itself. The right and left otolithic organs, like semi- 
circular canals, have mirror symmetry around the sagittal 
plane. The exact neural connections of the otolith organs 
have not been as extensively studied as those of the pairs of 
semicircular canals. Thus, the exact circuitry for resolving 


linear acceleration in three-dimensional space has not 
been determined. 

Figure 143.9 illustrates the basic principle by which two 
otolith organs operating in the same plane can be used to 
detect head tilt or translation of the head in the plane of 
the otolithic macula. With no acceleration in the plane 
of the macula, the rate of action potentials from afferent 
neurons innervating each otolith organ should be constant 
and equal. But once the head is tilted to the left, afferent 
discharge from the left otolithic organ will increase, while 
that of the right otolithic organ will decrease. This is due 
to the effect of gravity on the otoconial mass. Comparable 
responses will also be seen with translation of the head to 
the right where the otoconial mass will accelerate to the 
left. This acceleration again produces an increase of the 
firing rate of the left nerve and decrease in the firing rate 
of the right nerve. In both cases, maximum sensitivity is 
obtained by means of subtracting the firing rate of the right 
nerve from that of the left. This illustration (Fig. 143.9) 
shows that the asymmetry present in one hair cell inner- 
vating an otolith organ can be canceled by combining it 
with a signal from a hair cell that has the same polarization 
factor in the other side. It also shows that afferent activity 
from otolith organs alone cannot be used to distinguish 
between translation and tilt. 

Einstein recognized that an ambiguity exists between 
linear acceleration and gravity. In aviation, this can be 
a real problem during the acceleration of takeoff, when 


Pa 
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Figure 143.9 Modulation of the pulse interval by shearing of the 
utricular otolith membrane of the vertebrate vestibular organ. A: 
Horizontal position at rest. B: Tilted to the left. C: During linear 
acceleration to the right. (Modified from Barlow JS. Inertia naviga- 
tion as a basis for animal navigation. J Theor Biol 1990;6:76, with 
permission.) 
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pilots have trouble differentiating the acceleration of the 
airplane from the gravity vector. Because translational 
motion in one direction creates the same inertial force as 
gravity to tilt in the opposite direction (Fig. 143.9), this 
problem is known as tilt-translational ambiguity. Recent 
research has demonstrated that the CNS uses semicircu- 
lar canal information (activated during tilt but not dur- 
ing translation) in combination with the otolith input 
to distinguish, for example, tilting the head upward ver- 
sus accelerating forward as in a car, sled, or airplane (10). 
However, this mechanism works poorly at low frequency 
rotations, because the semicircular canals work poorly at 
low frequencies. In the circumstance where the rotational 
component of the motion is at low frequencies (less than 
0.1 Hz), the brain uses visual or tactile information to 
help interpret the otolith signal. In the absence of nonoto- 
lith input, such as vision or rotation at frequencies above 
0.1 Hz, the system defaults to interpreting linear accelera- 
tion as tilt (or gravity). Returning to the aviation example, 
fighter pilots taking off from an aircraft carrier deck at 
night will feel as if they are tilted backward during forward 
acceleration. Because of the ambiguity, the natural correc- 
tion for this feeling is to steer the plane downward, which 
could result in disaster. 


VESTIBULAR BRAINSTEM 


Vestibular afferent neurons are bipolar neurons whose 
cell bodies reside in the inferior and superior vestibular 
(Scarpa) ganglion (Fig. 143.1). Following their termina- 
tions on hair cells, the peripheral (dendritic) processes of 
these neurons exit the sensory neuroepithelium and col- 
lect in the inferior and superior vestibular nerves. The infe- 
rior division includes neurons from the posterior canal 
and the posterior saccule, whereas the anterior division 
includes utricular, horizontal canal, and anterior canal 
afferent neurons as well as afferent neurons from the 
anterior portions of the saccular macula. Central axonal 
branches of primary afferent neurons ramify in the ves- 
tibular nuclei. Afferent terminals from the different end 
organs primarily innervate the various divisions of the ves- 
tibular nuclei, although vestibular afferent terminations 
are seen in the cerebellum and other brainstem nuclei as 
well. The precise terminations by end organ (semicircular 
canal or otolith) in the CNS are similar in many species 
(11). Not only does the brainstem region receive conver- 
gent input from different branches of the vestibular nerve, 
but individual neurons in the vestibular nuclei can also 
receive afferent input from one, two, or more end organs 
(canal ampullae or otolithic maculae). Thus, the vestibu- 
lar nuclei have the task of integrating information from 
multiple ipsilateral receptors. 

There are four major vestibular nuclei in the brainstem: 
the lateral (Deiters), superior, medial, and inferior (spi- 
nal or descending) nuclei. In addition, there are several 
minor vestibular nuclei that have been identified in several 
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different species by various investigators. The vestibular 
nuclei not only receive vestibular information but other 
information pertaining to spatial orientation as well. These 
inputs include optokinetic signals through the accessory 
optic system, neck proprioceptive signals, and Purkinje cell 
projections from the cerebellar cortex. After leaving the ves- 
tibular nuclei, vestibular signals are passed throughout the 
CNS along distinct neural pathways. The primary upstream 
targets of the vestibular nuclei include (a) the ocular 
motor nuclei via the medial longitudinal fasciculus and 
the ascending tract of Deiters, (b) the spinal cord via the 
medial and lateral vestibulospinal tracts, (c) the cerebel- 
lum via the cerebellar peduncles, and (d) the contralateral 
vestibular nuclei by way of the vestibular commissural sys- 
tem. Other neural pathways connect the vestibular nuclei 
with the thalamus, which are involved in our perception of 
our orientation in space, and the autonomic system, which 
has implications in motion sickness and blood pressure 
control. 

One important function of the vestibular commissural 
system is reciprocal inhibition. For many neurons in the 
central vestibular nuclei, their discharge is modulated not 
only by excitatory input from the ipsilateral vestibular 
nerve, but also by crossed inhibitory input from the con- 
tralateral side (inhibition of an inhibitory input is similar 
to excitation). This commissural inhibition is often modu- 
lated in phase with the paired canal from the contralateral 
labyrinth. Thus, a secondary neuron in the right vestibu- 
lar nucleus might be driven by ipsilateral horizontal canal 
afferent neurons that are excitatory and increase firing 
for ipsilateral rotation and by inhibitory neurons that are 
modulated in phase with contralateral (left) rotation. This 
reciprocal mechanism is the basis of the so-called push- 
pull connection that increases the sensitivity of the system 
through convergence in signals between the functionally 
paired semicircular canals (left horizontal-right hori- 
zontal, left anterior-right posterior, left posterior—right 
anterior) in either ear. In this way, the paired canals com- 
plement one another and may help cancel out the asym- 
metries inherent in hair cell transduction mechanisms and 
afferent firing patterns. 

The best studied vestibular reflex is the vestibuloocu- 
lar reflex. Vestibuloocular reflexes are of two types: com- 
pensatory reflexes that stabilize gaze during motion and 
orienting reflexes that align the eye with the gravitational 
vector. One of the challenges for the nervous system is to 
translate signals from the semicircular canal planes into 
coordinates appropriate for effector action. Those who 
study the vestibular system use an external frame of ref- 
erence as shown in Figure 143.3: the interaural or pitch 
axis, the nasal-occipital or roll axis, and the rostral-caudal 
or yaw axis. The vestibulo-oculomotor system, however, is 
thought to use a coordinate system based on the orienta- 
tion of the three pairs of semicircular canals. Experiments 
have shown that stimulation of afferent branches of the 


vestibular nerve that come exclusively from one semicir- 
cular canal produces reflexive eye movements that tend to 
rotate around the axis of greatest sensitivity for that canal. 
The three agonist-antagonist pairs of eye muscles them- 
selves do not produce eye movements that completely 
correspond to these axes of orientation of the semicircu- 
lar canals. Thus, there is a distribution of signals from the 
semicircular canals to produce compensatory eye move- 
ment of the desired magnitude and direction. Because 
the orientation of the three pairs of semicircular canals 
roughly aligns with three pairs of extraocular eye muscles, 
the transformation in the CNS to coordinate eye move- 
ments is relatively simple. In contrast, control of head 
position and trunk position is much more complicated, 
and overall is not as well understood. 

The nervous system can adapt its response by compar- 
ing vestibular input to other sensory input. When the head 
moves, the vestibuloocular reflex stabilizes the image of an 
object in space on the retina by producing an eye move- 
ment compensatory to the head movement. For example, 
the motion of the head 10 degrees to the right produces 
eye movement 10 degrees to the left. Provisions have been 
made in the nervous system for this response to adapt 
when necessary, owing to factors such as disease or aging. 
One such example is people with myopia who wear eye- 
glasses. If the magnification of the lens is 1.2 times, rota- 
tion of the head 10 degrees to the right produces rotation 
of the world as viewed by the eye 12 degrees to the left and 
therefore demands a corresponding reflexive eye move- 
ment 12 degrees to the left. The nervous system makes this 
form of adaptive change to resolve a conflict between affer- 
ent inputs, in this case vestibular and visual inputs. In this 
example, the nervous system can correspondingly increase 
the amount of eye movement produced for a given head 
movement so that the error between head motion input 
and eye motion response is reduced to nearly zero. This 
gain of plasticity requires participation of the flocculus of 
the cerebellum. 


CURRENT VESTIBULAR INQUIRY 


Like most fields in basic sciences, the vestibular system 
is actively studied in a number of excellent laboratories. 
Among the many actively investigated areas are the phar- 
macology of the vestibular periphery, interactions between 
active head movements and the passive vestibular reflexes, 
the role of vestibular signals in spatial orientation, the 
function of the vestibular efferent system, physiologic and 
cellular mechanisms of adaptation and compensation after 
vestibular injury, and the adaptation of the vestibular sys- 
tem to microgravity. In addition, efforts are ongoing to 
develop prosthetic devices to aid patients with vestibular 
deficits. This research holds the promise of improving our 
understanding of this vital, well-conserved, and underap- 
preciated “sixth” sensory system. 


m The vestibular system is an inertial guidance system 
in vertebrates. It is composed of two or more sen- 
sors of linear acceleration and three or more sensors 
of angular acceleration in each inner ear. The right 
and left inner ear structures are mirror images of 
each other. 

m Vestibular motion sensors use inertial elements con- 
nected to sensory hair cells. Both linear and angular 
acceleration sensors in the inner ear use a three-step 
process to convert accelerations of the head into 
useful information for the nervous system. The ele- 
ments in these three steps are inertia, sensory hair 
cells, and nerve fibers connected to the hair cells. 

m Vestibular sensory hair cells are arranged in orderly 
arrays. The orientation of a hair cell is defined 
by the orientation of its kinocilia. This orienta- 
tion is known as morphologic polarization. A corre- 
sponding physiologic attribute is called functional 
polarization, which means the hair cell is the most 
sensitive to displacement along its anatomically 
defined PV. 

m Vestibular organs are arranged by pairs in functional 
planes. The right and left lateral semicircular canals 
lie in the same plane. The other four vertical canals 
lie in planes nearly perpendicular to the plane of the 
horizontal canal pair. The anterior vertical canal on 
one side is in nearly the same plane as the poste- 
rior vertical canal on the other, forming a functional 
pairing of the semicircular canals. The otolithic 
organs are similarly paired. 

= Head movement produces compensatory reflex- 
ive eye movement. When the head moves, the ves- 
tibuloocular reflex tends to stabilize the image of 
an object in space on the retina by producing eye 
movement compensatory to the head movement. 
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Vestibular and Balance 
Laboratory Studies 


Neil T. Shepard 


This chapter is one of the clinical companions to the 
preceding chapter on the vestibular function and anatomy. 
A clear understanding of those concepts and principles 
is vital to the appreciation of the information presented 
herein. The anatomy and physiology of the vestibular and 
balance systems form the basis against which interpreta- 
tions of patients’ presenting history, signs, symptoms and 
laboratory test results are developed. The nomenclature 
used in this chapter will follow that suggested for the 
International Classification of Vestibular Disorders (1). 
Therefore, the following are the definitions of the terms 
used to describe symptoms for patients reporting with ver- 
tigo, dizziness, or unsteadiness: 


m Vertigo—sensation of self (internal) or environmen- 
tal (external) movement when such movement is not 
occurring, for example, spinning, rocking, swaying, tilt- 
ing, bobbing, sliding, or bouncing. 

m Dizziness—sensation of disturbed or impaired spatial 
orientation without a sensation of self or environment 
movement. 

m Unsteadiness—sensation of being unstable—independent 
of position without a directional preference. 


In considering the evaluation of the patient with com- 
plaints of vertigo, unsteadiness, and dizziness or combina- 
tions of these descriptors, one must look beyond just the 
peripheral and central vestibular system with its oculomo- 
tor connections. The various pathways involved in postural 
control, only part of which have direct or indirect vestibu- 
lar inputs, should be kept in mind during an evaluation. 
Additionally, significant variations in symptoms and test 
findings can be generated by migraine disorders (2) and/ 
or anxiety disorders (3), yet these are diagnosed primarily 
by case history and require a specific line of questioning, 
not by the use of laboratory testing per se; however, the test 
helps to set up a profile. 
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Kristen L. Janky 


Jaynee A. Handelsman 


Evaluation of the dizzy patient should be guided by 
the information required to make initial and subsequent 
management decisions. In the acute patient, the primary 
aim is to rule out significant cardiovascular and neurologi- 
cal disorders, quiet symptoms, and determine a working 
diagnosis. Extensive laboratory testing is generally unnec- 
essary in the acute patient since the presenting symptoms 
and office examination will primarily guide initial man- 
agement decisions (see chapter 165 by Joel Goebel on the 
clinical evaluation of the patient with vertigo in this text). 
In the chronic patient (defined as having symptoms that 
are intermittent or persistent for greater than 2 months), 
addressing the question of why natural central compensa- 
tion has not taken place in a significant manner to reduce 
symptoms and establish a refined diagnosis and treatment 
program would be the goal. While aspects of the labora- 
tory testing, especially caloric testing, can be of use in the 
acute patient, it is the exception that these would be used 
acutely. Therefore, for the purposes of this chapter, discus- 
sion is limited to the evaluation of the chronic patient. 

For the chronic patient, a detailed neurotologic his- 
tory together with a comprehensive direct vestibular office 
examination is as important as in the acute patient. In the 
chronic patient, a detailed pre-evaluation patient question- 
naire combined with a focused history obtained at the start 
of laboratory testing can facilitate selection of appropriate 
laboratory tests and guide the examiner regarding what tests 
beyond a basic core series of evaluations are needed for any 
given patient. This use of a staged testing protocol effec- 
tively allows laboratory information to be collected prior 
to the clinician’s direct office interview and examination so 
that all of the information can then be collectively analyzed 
in the context of the history and presenting symptoms (4). 

Defining the role of the laboratory testing becomes an 
important aspect of the understanding of the benefit of the 
studies that are currently available. 
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m Determination of extent and site of lesion within the 
peripheral and central vestibular system 

m Determination of the functional limitations in static and 
dynamic postural control (these may be related directly 
to gait abnormalities) and functional performance of 
the vestibuloocular reflex (VOR) 

m Assessment of the status of the compensation process 

m Along with symptom presentation, to aid in the progno- 
sis and design of vestibular and balance rehabilitation 


The collective use of the information is most often in the 
confirmation of the suspected site of lesion and diagnosis, 
both derived from the patient’s history and direct office ves- 
tibular evaluation with audiometric evaluation. This does 
not imply a prioritized order to the testing versus the office 
visit, as with chronic dizzy patients it can be very useful to 
triage them to laboratory evaluations prior to the office visit. 
A common misconception is that the studies will render 
a specific diagnosis or at a minimum drive the remainder 
of the investigation and help determine levels of disability. 
However, when the various tests listed below are reviewed 
and correlated with high-level activities of daily living, 
virtually no significant relationships exist for the chronic 
dizzy patient (5,6). Conversely, patient complaints cannot 
be used to predict the outcomes of these tests. In a limited 
manner, more functionally oriented evaluation tools such 
as computerized dynamic posturography (7) and dynamic 
visual acuity (DVA) testing (8) provide for correlation 
between test results, patient symptoms, and functional lim- 
itations (9,10). It is hypothesized that the reason for this 
dichotomy in test results versus functional disability and 
symptom complaints is the inability of the tests to ade- 
quately characterize the status of the central vestibular com- 
pensation process (9,11,12). Thus, vestibular laboratory 
testing is never a replacement for a detailed neurotologic 
history and physical examination, but needs to be inter- 
preted in context of the history and physical examination. 


LABORATORY STUDIES 


The discussion to follow provides a brief description of the 
various laboratory studies that are available for the inves- 
tigation of the patient with vertigo, dizziness, or unsteadi- 
ness. In each case, the purpose for the study, general 
information about administration of the test, and its gen- 
eral interpretations are provided. A detailed presentation 
of each of the studies is beyond the scope of this chapter 
and text. Interested readers are referred to other sources for 
further information (13-15). For organizational ease, the 
tests are divided into those in more routine use and those 
found only in dedicated tertiary balance centers. 


Common Procedures 


Electronystagmography/Videonystagmography 
Electronystagmography (ENG) and videonystagmogra- 
phy (VNG) utilize complete computer-based systems for 
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performing eye movement testing. During ENG testing, 
horizontal and vertical eye movements are recorded indi- 
rectly using electrodes via the corneoretinal potential 
(dipole). Electrodes are typically placed at each lateral can- 
thus and above and below at least one eye with a com- 
mon electrode on the forehead. During VNG testing, on 
the other hand, eye movements are recorded directly using 
infrared video cameras and digital video image technology. 
Specifically, for binocular recording, a reflected image of 
the eye is captured by cameras mounted above, in front of 
each eye or adjacent to the lateral canthi (Fig. 144.1) (16). 
For monocular recordings, a camera may be positioned 
directly in front of one eye (Fig. 144.1). Monocular record- 
ing has the disadvantage of failure to recognize and cap- 
ture disconjugate eye movements. For both ENG and VNG, 
recording is typically limited to horizontal and vertical eye 
movements (three-dimensional systems are available add- 
ing the torsional movements but far from common use) 
and the data are recorded, digitally stored, and analyzed by 
the software in much the same way. 

The ENG/VNG battery typically consists of a series of 
subtests designed to assess the function of the vestibular 
end organs, the central vestibuloocular pathways, and ocu- 
lomotor processes, independent of vestibular input. ENG/ 
VNG testing is useful for all patients of all ages with ongo- 
ing balance system disorders. 


Oculomotor Evaluations 

The availability of computerized ENG/VNG systems 
resulted in a transformation in the formal assessment of 
oculomotor function because of the ability to directly com- 
pare the timing and accuracy aspects of the eye movements 
with the target stimuli. The clinical utility of these tests is 
improved by exploiting their redundancy, such as when 
the results from multiple subtests point to the same site 
of lesion. Because oculomotor function changes with age, 
it is important to compare results with norms in order to 
minimize the number of false-positive results. 


Gaze Stability Testing. The patient is typically asked to 
fixate on a stationary target that is positioned at eye level 
at a distance of 1 to 1.5 m, and the eyes are observed for 
the presence of nystagmus or other abnormal movements. 
Both horizontal and vertical eye movements are recorded. 
Eccentric gaze is also evaluated by moving the target from 
center to horizontally and vertically eccentric positions. 
Individuals without any peripheral or central involvement 
may demonstrate transient nystagmus when the eyes are 
at the extreme eccentric positions (referred to as end-point 
nystagmus, usually dies away within 5 seconds); persis- 
tent nystagmus that occurs when the targets are positioned 
appropriately is always considered to be abnormal. 
Gaze-evoked nystagmus can originate from either the 
peripheral or the central vestibular system with differences 
in clinical presentation between the two. Nystagmus that 
is peripheral in origin will generally be direction fixed and 
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Shown are photographs that illustrate two eye movement recording techniques 
using VOG. The top picture shows a system with cameras mounted above reflecting see-through 
lenses and the display of the binocular recordings on the computer. The lower figure shows the use 
of monocular camera system affixed on the goggles directly in front of the right eye and the image 
seen on the monitor behind the subject. 


enhance with fixation removed. Nystagmus is considered 
to be of central origin if it changes direction with change 
in gaze direction, if it evidences rebound, where the fast 
component of the nystagmus changes with the direction 
of the last eye movement, it enhances or does not change 
in intensity with fixation. In rare instances, eye movements 
can be consistent with both peripheral and central origin 
(e.g., Bruin nystagmus seen in Cerebellar-Pontine Angle 
mass lesions). A variety of other abnormalities may be 
evidenced during gaze testing such as congenital nystag- 
mus and a variety of saccadic intrusions (special grouping 
of involuntary saccadic eye movements when visual fixa- 
tion target is present), suggesting central vestibular system 
involvement (17). 


Saccade Evaluation. As is the case in gaze testing, the 
patient is asked in saccade testing to follow a computer- 
controlled visual target. Random saccade testing is the par- 
adigm that is most often included in the ENG/VNG battery. 
The patient’s eye movements are compared by the com- 
puter to the target stimuli and the analysis typically yields 


measurements of saccade accuracy, latency, and velocity. 
Saccade accuracy generally refers to the amplitude of the 
eye movement relative to the target, latency refers to the 
delay between the onset of target movement and the initia- 
tion of eye movement, and velocity refers to the maximum 
sampled velocity of the saccade once it has been initiated. 
The interpretation of saccade data must take into 
account patient variables such as age (although age-related 
normative data is not required), cognitive status, attention 
to task, visual acuity, sedation, sleep deprivation, compre- 
hension level, and medications. Symmetrically inaccurate 
or slow saccades are often attributable to one or more of 
those variables. On the other hand, characteristic saccade 
abnormalities can suggest relatively specific sites of lesion 
and can provide for differentiating between brainstem 
and posterior cerebellar vermis involvement. For exam- 
ple, internuclear ophthalmoplegia (INO) results from a 
lesion in the medial longitudinal fasciculus (MLF) that 
causes a reduction of the neural signal to the ipsilateral 
medial rectus muscle (adduction) and preserved lateral- 
rectus-mediated movements (abduction). The resulting 
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saccades in INO demonstrate slow velocity of adducting 
eye movements and overshoot for abducting eye move- 
ments. Details of the suggested lesion sites based on vari- 
ous combinations of abnormalities of latency, velocity, and 
accuracy are beyond the scope of this chapter but are avail- 
able elsewhere (17). 


Smooth Pursuit Tracking. Testing of smooth pursuit abil- 
ity is conducted by having a patient follow a computer- 
controlled visual target, typically moving in a sinusoidal 
pattern that varies in frequency over time. Patient eye move- 
ments are evaluated qualitatively by looking for smooth eye 
movements. As is true with saccade testing, patient variables 
can negatively impact performance and interfere with inter- 
pretation. Use of age-appropriate norms is essential, as pur- 
suit performance tends to degrade with age. The main out- 
come parameter is gain, which is calculated by dividing eye 
velocity by target velocity. Of all the oculomotor subtests, 
pursuit tracking has been demonstrated to be the most sen- 
sitive to central vestibular system abnormalities; however, it 
does not provide the same site-of-lesion localization as the 
remaining oculomotor subtests (17). Abnormalities with 
pursuit are typically taken as an indication of possible ves- 
tibulocerebellar region involvement but lesions in a variety 
of other areas can produce abnormalities of pursuit espe- 
cially when pursuit is disrupted for both eyes moving to 
the right or left. Asymmetrically impaired pursuit is a more 
specific finding and suggests a unilateral cerebellar hemi- 
spheric or asymmetrical posterior fossa lesion (13). 


Optokinetic Nystagmus. In order to truly assess the 
optokinetic system, use of a full-field visual stimulus and 
a phenomenon called “optokinetic afternystagmus” is 
required (13). The production of true optokinetic nystag- 
mus involves a combination of the neurological substrate 
involved with smooth pursuit tracking together with areas 
that respond to moving visual stimuli in a full-field for- 
mat but do not respond to head movement, the so-called 
optokinetic areas. Further, when viewing a full-field (90% 
or more of the visual field filled with the repeated moving 
targets) stimulus, the initiation of the nystagmus is domi- 
nantly a result of smooth pursuit tracking with the OKN 
component added as the stimulus is continued requiring 
seconds to fully develop. The response then continues as 
a combination of both smooth pursuit tracking and opto- 
kinetics. Therefore, to evaluate OKN function in isolation 
from smooth pursuit, one must take advantage of a perse- 
veration of nystagmus caused by stimulation of the opto- 
kinetic system when the person is suddenly put into the 
dark after a minimum of 30 seconds worth of stimulation 
(called optokinetic after nystagmus [OKAN]). As soon as 
the target has been extinguished for 1 second, the smooth 
pursuit system no longer has any influence and the OKAN 
is a direct result of the activity of the optokinetic system 
reflected through the area of the brainstem referred to as 
the velocity storage system. In order to produce the OKN 
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stimulation through retinal input and signals transmitted 
via the accessory optic track, the stimulus needs to fill a 
minimum of 90% of the visual field and be capable of pro- 
ducing a circularvection effect (the illusion of circular mo- 
tion when not moving). 

Therefore, optokinetic nystagmus testing as a part of an 
ENG/VNG battery using a laser target or a traditional light 
bar is not a true optokinetic test but is a test dominated 
by smooth pursuit. Abnormal optokinetic nystagmus has a 
localizing value that is similar to smooth pursuit, although 
the sensitivity is poorer. For that reason, the cost-benefit 
ratio of inclusion of this test in the battery is poor. 


Spontaneous Nystagmus 

This test is performed with the patient sitting upright with 
the head straight. Eye movements are recorded while the 
patient is gazing straight ahead (not imagining a target) 
with visual fixation removed. Jerk nystagmus is the princi- 
pal abnormality and is typically classified by the direction 
of the fast component of the nystagmus but measured by 
the velocity of the slow component. Clinically significant, 
direction-fixed nystagmus is interpreted to indicate pathol- 
ogy within the peripheral vestibular system if the oculomo- 
tor evaluation is normal and the nystagmus is significantly 
suppressed with visual fixation. 


Hyperventilation Testing 
The purpose of the hyperventilation test is to help diagnose, 
or unmask, disorders of the peripheral vestibular system 
and/or VIII cranial nerve (18-22). Secondly, the test can 
suggest possible anxiety disorder via premature symptoms 
without nystagmus (23). The hyperventilation test is com- 
pleted by first removing fixation, either by Frenzel lenses 
or infrared goggles, and then having the patient take one 
breath per second for 30 to 90 seconds. Nystagmus induced 
by hyperventilation is considered significant if it persists 
greater than 5 seconds and if the peak slow-phase velocity 
is greater than 3 to 4 degrees per second, subtracting out 
any preexisting spontaneous nystagmus. If no nystagmus is 
provoked but the patient becomes symptomatic within the 
first 20 to 30 seconds, then anxiety issues are suspected. 
Hyperventilation-induced nystagmus can beat ipsile- 
sionally (with the fast-phase beating toward the side 
involved) or contralesionally (with the fast-phase beating 
away from the side involved). As a general rule of thumb, 
hyperventilation-induced nystagmus more often beats 
contralesionally in peripheral vestibular system lesions 
and ipsilesionally in VIII nerve or retrocochlear lesions: 
however, this relationship is not mutually exclusive. 


Headshake 

The headshake test also helps uncover asymmetries in 
peripheral and central vestibular system function and 
serves as an indication of dynamic central compensa- 
tion. The headshake test is completed by removing fixa- 
tion. The patient’s head is shaken back and forth in the 


2306 Section IX: Otology 


horizontal plane at approximately 2 to 4 Hz for 10 to 
15 seconds. Post headshake nystagmus is considered clini- 
cally significant if at least three to five consecutive beats 
of nystagmus are present directly following the headshake 
and if the nystagmus peak slow-phase velocity is greater 
than 3 to 4 degrees per second after subtracting out any 
preexisting spontaneous nystagmus (20,24-26). Both ver- 
tical and horizontal headshaking can also be completed. 
The headshake test has relatively low sensitivity (30% to 
35%) but high specificity (90% to 95%) in peripheral 
vestibular disorders, with the incidence of postheadshake 
nystagmus increasing as the severity of caloric paresis 
increases. Postheadshake nystagmus has also been docu- 
mented in as many as 50% of normal controls (27) and 
in horizontal canal benign paroxysmal position vertigo 
(BPPV) (28). Vertical nystagmus in response to either a 
horizontal or vertical headshake is frequently seen in cen- 
tral vestibuloocular disorders (29,30). 


Testing for Benign Paroxysmal Position Vertigo 

Doing the Hallpike and roll tests are a common part of the 
VNG; however, the most common form of BPPV, posterior 
canal, cannot be recognized with the printouts of a typical 
2-dimensional recording system since the principle move- 
ment is torsional. Therefore, in reality, these tests are clini- 
cal office tests where the examiner must watch and report 
the eye movements with typical recordings unnecessary. 
However, if a video recording is available that can be of use 
in reviewing the total eye movements during the perfor- 
mance of the Hallpike or roll tests. 


Static Positional Testing 

The purpose of static positional testing is to examine 
the effect of gravity on positional changes of the head— 
otolithic influence. Positional nystagmus is present if the 
nystagmus is provoked by taking a provocative position 
that produces the jerk nystagmus that represents a change 
from spontaneous or not present spontaneously. This is the 
most commonly occurring finding in ENG/VNG testing. 
Eye movements are recorded while the patient assumes a 
number of positions that involve head turning and chang- 
ing the position of the head relative to gravity. Static posi- 
tional testing is generally completed in the sitting, supine, 
body right, body left, and precaloric positions and addi- 
tionally, with the head turned right and left in the sitting, 
supine, and head hanging positions to examine the influ- 
ence of cervical region on symptoms and eye movements. 
Positional nystagmus is classified as either direction fixed 
(e.g., right beating in all positions) or direction chang- 
ing (e.g., right beating in some positions and left beating 
in others). Direction-changing nystagmus may be further 
categorized as geotropic (nystagmus beating toward the 
earth) or apogeotropic (nystagmus beating away from 
the earth). Generally, positional nystagmus is nonlocaliz- 
ing, needing the interpretation to be done in the context 
of the oculomotor findings. Pure vertical nystagmus and 


nystagmus that changes direction in a fixed head position 
are of central origin and are the exceptions to the nonlocal- 
izing aspect. 


Caloric Irrigation Testing 
Bithermal caloric testing is the only portion of the test bat- 
tery that allows the examiner to evaluate individual ear 
function, and for that reason, it is valuable in assessing 
the relative responsiveness of the vestibular end organs. In 
caloric testing, a nonphysiologic stimulus (air or water) is 
utilized to induce stimulation or inhibition in the semi- 
circular canals by creating a temperature gradient from 
the external auditory canal to the horizontal canal. The 
response is primarily the result of a pressure differential 
across the cupula caused by the temperature gradient cou- 
pled with placing the horizontal canal in the vertical plane, 
although other variables are also involved. Specifically, 
the head is positioned so that the horizontal canal is ori- 
ented parallel to the gravitational vector, with the nose of 
the patient upward and the head tilted 30 degrees upward 
from the horizontal plane. During a warm irrigation, the 
less-dense fluid attempts to rise upward. This produces a 
deviation of the cupula toward the utricle because of the 
pressure differential across the cupula, causing stimulation 
of the eighth nerve. The reverse action occurs for the more 
dense area of cooled fluid, causing inhibition. This results 
in the well-known mnemonic COWS, which refers to the 
direction of the fast component of the nystagmus: Cold 
Opposite, Warm Same (relative to the side of irrigation). 
Typically, either water or air serves as the thermal stimu- 
lus. The stimulus temperature and duration are dependent 
upon stimulus type. Specifically, open-loop water irriga- 
tions are typically performed at 30°C and 44°C for cool and 
warm irrigations, respectively, whereas the appropriate air 
temperatures are 24°C and 50°C for cool and warm irriga- 
tions, respectively. Additionally, because air is a less efficient 
stimulus, the duration of the irrigation must be increased in 
order to obtain an optimal response. Recording time may 
also need to be increased when air calorics are used, par- 
ticularly in the case of a tympanic membrane perforation. 
In many clinical settings, the typical stimulus duration for 
water itrigations is 30 to 40 seconds, while the typical stim- 
ulus duration for air is GO to 90 seconds. Stimulus duration 
may be adjusted to accommodate patient needs, although 
in order to be able to make interear comparisons, it is essen- 
tial that both ears are tested under identical conditions. 
Regardless of stimulus type, each ear is typically irrigated 
twice, alternating in such a way that the expected nystagmus 
direction is different for subsequent irrigations. The inter- 
stimulus interval should be sufficient to allow the response 
from the previous irrigation to have subsided completely. 
Although the use of air is popular and has a practical 
advantage of being less messy, open-loop water provides a 
more consistent stimulus as it is impacted less by the shape 
or size of the external auditory meatus. With air, it is essen- 
tial for the examiner to have a clear view of the tympanic 
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membrane throughout the irrigation in order to obtain an 
optimal response. While that is ideal with water irrigations 
as well, it is not necessary because the flow rate is suffi- 
cient to reach the tympanic membrane even in the face of 
a narrow or bent ear canal and the temperature of water 
maintains itself, whereas with air, as it contacts the walls 
the temperature changes at a significantly greater rate. The 
new American National Standards Institute guidelines for 
performing an ENG/VNG only provide information on 
open-loop water caloric irrigation in part because of the 
technical difficulties of air (31). 

The caloric test is an assessment of the horizontal semi- 
circular canal and, subsequently, the superior branch of the 
VIII cranial nerve. Sensitivity and specificity of the caloric 
test in response to air has been reported as 82% and 82%, 
respectively, and in response to water as 84% and 84%, 
respectively (32). Since there are no other objective tests 
considered as sensitive as the caloric irrigation test to deter- 
mine horizontal canal involvement, the use of presenting 
symptoms becomes the comparator of choice for these 
studies. 


Vestibular-Evoked Myogenic Potential 

The purpose of the vestibular-evoked myogenic potential 
(VEMP) is to provide information regarding VIII nerve and 
otolith organ function and to potentially separate superior 
from inferior vestibular nerve and likewise utricular from 
saccular involvement (33,34). Like the caloric test, one ben- 
efit of the VEMP is that it provides ear-specific information. 
There are two types of VEMP responses: the cervical VEMP 
(cVEMP) and the ocular VEMP (oVEMP). The cVEMP is 
measured at the sternocleidomastoid muscle (SCM) and is 
a reflection of the ipsilateral vestibulocollic reflex, measur- 
ing the pathway from the saccule, down the inferior vestib- 
ular nerve to the brainstem, and then to motorneurons in 
the SCM, which result in a relaxation of the contracted SCM 
muscle (35). The oVEMP, on the other hand, is measured at 
the inferior oblique muscle (directly under the eye) and is 
a reflection of the VOR. The pathway for the oVEMP is less 
well understood than that for the cCVEMP; however, recent 
evidence suggests that this response measures the pathway 
from the utricle, down the superior vestibular nerve to the 
brainstem, and then to motor neurons of the contralateral 
inferior oblique muscle, which result in excitation. The 
innate differences between the o- and cVEMP responses are 
that the cVEMP arises from the saccule and is an ipsilateral, 
inhibiting response while the oVEMP presumably arises 
from the utricle and is a contralateral, excitatory response. 
Both the o- and cVEMP are typically obtained in response 
to air conduction stimuli (clicks and/or tone burst) with 
the best waveforms occurring in response to 500 Hz tone 
bursts. VEMPs are reported in terms of threshold or supra- 
threshold amplitude, with subsequent interaural ampli- 
tude comparisons often reported. The outcome parameter 
reported (threshold vs. amplitude) is generally dependent 
on the pathology being assessed. 
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VEMPs have demonstrated their effectiveness for aiding 
diagnosis in a variety of conditions. Most notably, VEMPs 
are part of a standard battery when diagnosing superior 
canal dehiscence syndrome (SCDS) and other third win- 
dow disorders. SCDS has been characterized by signifi- 
cantly lower o- and cVEMP thresholds and significantly 
larger o- and cVEMP amplitudes (36). The o- and cVEMP 
can also provide complementary information in determin- 
ing site-of-lesion involvement in vestibular neuritis. In the 
event of superior vestibular neuritis, CVEMPs have been 
shown to be intact with absent oVEMPs and abnormal 
caloric responses (33,34). Conversely, inferior vestibular 
neuritis has been characterized by absent cVEMP and pres- 
ent oVEMP with normal caloric responses (34). Because 
the VEMP does not induce sensations of vertigo and pro- 
vides ear-specific information, VEMP testing is an excellent 
assessment tool for the pediatric population. 


Less Commonly Available Assessment 
Techniques 


Secondary to the more limited use of the following tests, 
the respective discussions are less detailed than those above. 


On-Axis Total Body Rotation—Rotational Chair 

The purpose of the test is to expand the investigation of 
the peripheral vestibular system by applying natural head 
movements and using three outcome parameters to char- 
acterize the peripheral vestibular system together with 
its central projections as to (a) the timing relationship 
between eye movement and steady state (sinusoidal pro- 
tocol) or transient (a step test) head movement, (b) the 
overall responsiveness of the system to the stimulus, and 
(c) the responsiveness when rotating to the right versus 
the left. In this manner, the test expands across frequency 
(beyond that of stimulation by caloric irrigations) the 
investigation of the function of the peripheral vestibular 
systems. This is the only test to investigate the extent of and 
verification of those with bilateral peripheral system hypo- 
function (37,38). The test is administered by having the 
patient seated in a chair that is driving in a sinusoidal or 
fixed velocity trajectory by a motor affixed to the chair. The 
axis of rotation is vertical and passes through the center of 
the patient's head (Fig. 144.2). 


Off-Axis Total Body Rotation—Unilateral 
Centrifugation 

The class of off-axis rotational tests has been developed for 
assessing the otolith organs (38). Unilateral centrifugation 
is one protocol of the off-axis total body rotation test per- 
formed with rotary chair equipment. With unilateral cen- 
trifugation, the chair is translated laterally, which projects 
the vertical axis of rotation through the peripheral vestibu- 
lar organ on the right or the left (Fig. 144.3). The purpose 
of the test is to allow for evaluation of each utricular organ 
individually. Investigations to date show reliable detection 
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Figure 144.2 This is a photograph of a rotational chair system 
with the drive motor under the chair and the system enclosed in 
a light-tight enclosure (photo taken through the open door). The 
system has a means for maintaining the head secured to the chair 
and straps for maintaining the body still in the chair. A face camera 
(inferred) for visualizing the patient's face is seen on an extension 
coming off the right arm rest. Not shown is an inferred scene cam- 
era in the ceiling. The chair shown is able to perform lateral shifts 
on the drive motor to change the way the axis of rotation aligns 
with the head of the subject as shown in Figure 144.3. 


of those with surgically confirmed utricular lesions. The 
interested reader is referred to a recent study that provides a 
review of work to date contained in the introduction (39). 


Head-Impulse Test 

Starting as the head-thrust test for use in bedside evalua- 
tions (see chapter 165 on office evaluation by Joel Goebel), 
this test has expanded to be used with equipment and is 
referred to as the head-impulse test (HIT) (40). The test pro- 
vides for a means of individually assessing the function of 
the VOR for the horizontal canals on the right and the left. 
It also provides for the assessment of the anterior and pos- 
terior canals individually. The assessment is in a different 
frequency range than that of the caloric test but there is a 
reasonable correlation between the caloric results and those 
of the clinical version (Head-Thrust Test) (41). Recently, 
with the addition of high-speed video recording devices 
and computer analysis, the sensitivity of the test for identifi- 
cation and monitoring of the function of the six individual 
canals has been improved (40). This improvement comes 
from being able to calculate the actual gain of the eye move- 
ment for a specific head movement. This technique avoids 
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Figure 144.3 The cartoon illustrates the concept of shifting the 
axis of rotation to go through either the left or right (illustrated 
here through the right) vestibular end organ. In rotation under this 
condition, a specific horizontal force would be placed on the left 
utricular system that would cause a change in perception of verti- 
cal (tilting to the left), and when the subject is then asked to set a 
projected line to their perception of vertical they will set the line 
off to the right—a test called subjective visual vertical. During the 
stimulation, the eyes counter roll back to the right, and this is felt 
to be the basic cause for the shift in the line representing the sub- 
ject’s perception of vertical. The chair can then be shifted to the 
left and the same force placed on the right utricle and the tilt per- 
ception would be to the right and the vertical line is set to the left. 


problems with central nervous compensatory activity that 
cause difficulty in the simple identification of a corrective 
saccade when the eye is taken off the target with a head 
movement secondary to a deficient VOR (42). 


VEMP Threshold Response Curves 

The cVEMP as discussed above provides for an assessment 
of the status of the saccule. The function of the saccule var- 
ies over frequency. When plotting VEMP threshold across 
frequency, the saccule demonstrates specific tuning char- 
acteristics. The most sensitive frequency is at 500 Hz (43) 
(Fig. 144.4). It has been suggested (44) that in an endo- 
lymphatic condition like that of Meniere syndrome the 
most sensitive frequency shifts upward. Therefore, the use 
of the threshold response curve is being proposed as an 
independent study that may be able to assist in the diagno- 
sis of Meniere syndrome or the more general condition of 
endolymphatic hydrops. A pilot study using this method 
showed sensitivity and specificity for identification of 
Meniere syndrome to be 48% to 50% and 79% to 88%, 
respectively, suggesting that while a negative test is not use- 
ful, a test showing the upward shift may add to the argu- 
ment of the disorder being present (45). 
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Dynamic Visual Acuity and Gaze Stabilization Test 
All of the investigative tools discussed to this point would 
be classified as extent and site-of-lesion studies. DVA and 
gaze stabilization test (GST) however, are considered stud- 
ies that provide information about the functional use of 
the VOR. These tests could be normal even in the presence 
of VOR abnormalities (i.e., caloric hypofunction) indicat- 
ing the lack of functional impact of the physiologic abnor- 
mality. Both studies assess clarity of vision during head 
motion. For DVA, the head speed is fixed and the size of the 
target to be recognized is systematically changed, whereas 
with the GST, the target size is fixed and head speed is 
varied. These studies are primarily used within treatment 
programs of vestibular and balance rehab to help moni- 
tor progress and determine deficits on which to focus. 
However, in symptomatic individuals, these studies have 
been shown to have sensitivity (64% to 71%) and specific- 
ity (88% to 93%) performance in identifying the involved 
peripheral system (4G). The other purpose of these studies 
is to provide an objective quantification of a patient’s com- 
plaint of oscillopsia. Recent work has been able to demon- 
strate that the DVA may be used as an effective indicator of 
falls risk (47). 


Postural Control Assessment 

For a given piece of laboratory equipment (Fig. 144.5), 
the purpose of the study will vary from strictly functional 
based to strictly site-of-lesion based contingent on the pro- 
tocol used and the versatility of the equipment (48). Across 
most commercially available equipment, a similar protocol 
is used for functional evaluation of maintaining of upright 
stance under changing sensory input conditions—Sensory 
Organization Test (SOT) (Fig. 144.6). The outcome measure 
(independent of the details of the individual manufactures 
analysis) is body sway in anterior—posterior/medial-lateral 
space. The purpose of the SOT is to determine the indi- 
vidual’s ability to utilize visual, proprioceptive/somato- 
sensory, and vestibular cues for maintaining quiet stance. 
The test is performed by manipulating the visual and foot 
support surface cues in a systematic manner to reduce, or 
for vision eliminate, the cue, forcing reliance on other than 
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Figure 144.4 The graphic shows an example of the 
cVEMP threshold response curves for a patient with 
right Meniere syndrome. The plot gives cVEMP thresh- 
olds (in dB peak SPL) as a function of tone burst stim- 
uli at 250 to 1 kHz and then with a click stimulus. The 
involved right side (plotted by squares) shows that the 
most sensitive frequency has shifted from the typical 
at 500 Hz (shown for the normative data by the dia- 
monds), whereas the uninvolved left side (plotted in tri- 
angles) has a configuration that parallels the normal 
subjects. 


the normal combination. The outcome of the test is related 
to the patient’s functional ability to maintain stance as the 
sensory input cues are varied. This information can be used 
for development and monitoring of treatment programs. 


Figure 144.5 The photograph illustrates the positioning of a 
subject on one form of postural control platform secured from 
falling with the harness system. The subject is standing on a dual 
force plate that measures the change in the position of the force 
put against the right or left platform by the pressure of the foot 
against the floor (floor reaction force) for either the right or left 
foot. As the subject leans forward, the pressure under each foot 
shifts toward the toes. Movement of the platform on which the 
subject is standing and movement of the visual surround are used 
to perform the SOT discussed in the text, and the test conditions 
for the test are shown in Figure 144.6. 
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Figure 144.6 The schematic drawing shows the six conditions 
used in the SOT. The first three conditions provide for a stable, flat 
surface larger than the foot with plenty of friction to prevent slip- 
ping. Condition 1 is with eyes open, condition 2 has eyes closed, 
and condition 3 has eyes open but the visual surround is moving 
in response to the swaying of the subject on the platform so that 
visual information while accurate is of little or no use in know- 
ing how the body is moving over the base of support (the feet). 
Conditions 4 to 6 use the same visual conditions as shown in 1 to 
3 but now has the foot support surface (the force platform) moving 
in response to the subject's sway in the anterior/posterior plane. 


The information is descriptive not diagnostic, therefore the 
SOT is not a site-of-lesion test (49). 

Four other principle protocols are used in postural con- 
trol assessment, all of which fall into the category of extent 
and site-of-lesion studies with the exception of #2. (a) 
Reaction to unexpected perturbation of the body’s center 
of mass through tilt or linear translations, (b) protocol to 
determine an individual's ability to adapt to changes in sur- 
face orientation, (c) recording of distal lower limb muscles 
in response to sudden toes-up or down rotations around the 
ankle axis, and (d) quantifying an individual’s sway response 
to changes in external auditory canal air pressure—focus on 
investigation of perilymphatic fistulas including canal dehis- 
cences. Details of these tests are beyond the scope of this 
chapter, and the reader is referred to discussion by Shepard 
and Janky (50) for descriptions and list of references. 


SPECIAL POPULATIONS 


From the discussion above, it is clear that there are numer- 
ous tools available for the evaluation of the patient with 
complaints of dizziness, vertigo, and unsteadiness. There is 
overlap to a limited extent in the purpose such that not all 
studies are needed on every patient. The modest positive cor- 
relation between the various tests helps in trying to accom- 
modate other than the otherwise normal patient with these 
complaints. Specifically, the child under the age 10 is better 
served by starting with rotational chair as an indication of 
possible peripheral vestibular system involvement. While 
most of the children above age 5 will cooperate with use of 
caloric irrigations, those 5 or under will not. For the child 
under age 2, it is unlikely the examiner would be able to 
obtain caloric irrigations; so again, the use of rotational chair 
can be very useful. If postural control is the primary focus 


in a young child (5 or under), there are a variety of tools 
available to review the developmental status of postural con- 
trol ability compared to normative ranges (51). Additionally, 
for the EquiTest equipment, the normative range for the SOT 
goes from 3 to 80 years. There are also age normative data 
for 3 years and above the surface EMG recordings and for 
cVEMPs. The main principle in testing a child is to select the 
tests related to the primary child or parent complaint and 
figure that the next test you perform (even if it is the first 
one) will be the last one you will obtain. Also, it is rare that 
video oculography (VOG) can be used on a child under 5 
because of the size of the masks, and it is not likely that the 
child will tolerate wearing the device; therefore, any of the 
VNG equipment or rotational chair device used needs to be 
able to easily shift between electrode and video recordings. 

Other groups where VOG techniques would not work 
would be the adults with significant ptosis, the patients 
who are unable to maintain eyes open in a darkened envi- 
ronment, or patients with significant claustrophobia. For 
each, the use of electrode recording is the best technique. 

It would be a very rare situation that a patient with diz- 
ziness, vertigo, or balance complaints could not be tested 
in some manner. This may require a change in a specific 
protocol such as with the patient who is blind. Since they 
cannot see a visual stimulus, the traditional saccade and 
pursuit tracking tests cannot be performed. Yet, the patient 
can use tactile information and imagined visual targets by 
following the thumb for pursuit and by looking from one 
thumb to another to see if an approximation of pursuit 
and saccade performance is present. Other examples are 
the patients with prior mastoid surgery (especially canal 
wall down mastoidectomy). In that situation, caloric irri- 
gations can be performed, but it is not necessary to have 
the same duration or temperatures on the left and right. 
The responses from right and left cannot be compared in 
the typical manner, so the use of the irrigation is simply to 
see if both sides respond. Therefore, this test on the sur- 
gical side should be performed to the patient’s comfort. 
Irrigation time should not be longer than the duration 
required for symptoms to begin, if that occurs prior to the 
typical 30 to 40 seconds. In a normal peripheral vestibular 
system, symptoms in a radical mastoidectomy patient may 
begin in as short as just a few seconds. 

A last example of a common difficulty is with the patient 
with significant visual acuity problems (eg., macular 
degeneration or the patient with retinitis pigmentosa) who 
has difficulty finding a target that has suddenly changed 
location as in saccade testing. Instead of using a random 
paradigm, a fixed position with predictable timing would 
produce a better estimate of saccade ability. 


SUMMARY AND ILLUSTRATIVE CASE 
EXAMPLE 


The discussion above gives a brief summary of the tools 
available for the laboratory evaluation of the patient 
with vertigo, dizziness, and/or unsteadiness of central or 
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peripheral vestibular origin. The key to the effective use 
of these tests is the integrated interpretation of the tests 
in the context of a detailed neurotologic history. In many 
cases, this requires a multidisciplinary approach but one 
in which the various specialists do not consult in isola- 
tion, but build their opinions integrated with those of the 
other subspecialists (audiology, neurology, psychiatry, gen- 
eral ENT or neurotology based on need, physical therapy). 
A case example is used to illustrate this concept. 

A 43-year-old female presented with the primary com- 
plaint of constant internal vertigo and unsteadiness when 
lying, sitting, standing, and in motion. Symptoms were 
exacerbated with head/visual motion, visual complexity, 
and repeated noise exposure. The symptoms were reported 
to spontaneously increase in intensity without exposure to 
the visual or head movement stimuli. She reported hear- 
ing loss on the left with fluctuations. She was having an 
occasional fall without injury but not drop attacks. The 
patient was referred for a second opinion regarding her 
long-standing diagnosis of Meniere syndrome on the left. 

The past medical history revealed long-standing his- 
tory of migraine headaches. In 1999, she began with 
documented fluctuant and progressive loss of hearing on 
the left. Within a year, spontaneous events lasting 1 to 
2 hours of external vertigo with unsteadiness, nausea, vom- 
iting, and exacerbations in her auditory symptoms began 
to occur. The frequency was multiple times per month. She 
was diagnosed with left Meniere syndrome and started on 
dietary and diuretic treatment without adequate control. In 
2004, an endolymphatic sac decompression procedure was 
performed with good control over the events of vertigo for 


Audiogram 


3 years. In 2007, the spontaneous events of external vertigo 
returned starting with an unusual spell where the vertigo 
was continuous for 4 days and then resolved. She began 
having recurrent events similar to those between 2000 and 
2004. A distinct difference was that instead of returning to 
a normal baseline between the spells, she began between 
the spells to develop the internal vertigo and problems 
with unsteadiness with falls without injury provoked by 
visual patterns, visual motion, and visual complexity. In 
2008, she underwent a left vestibular nerve section with 
absence of the spontaneous external vertigo and reduction 
in the visually provoked unsteadiness and internal vertigo 
but not absence. One year later, the spontaneous events of 
external vertigo returned. At this time, 50% of these spon- 
taneous events were accompanied with focal headaches 
with migraine features and the other 50% of the events 
were associated with photophobia and osmophobia. Her 
visually provoked symptoms increased and she developed 
the constant nature of the internal (spinning in her head) 
vertigo with the always present unsteadiness. Her outside 
managing team was concerned that the nerve section on 
the left had been incomplete and offered her a left labyrin- 
thectomy at which time the second opinion was requested. 

At the time of her workup, she presented with a recent 
MRI of the brain without and with contrast and internal 
auditory canal protocol that was normal. Her audiogram 
is shown in Figure 144.7. Her direct office examination 
showed no abnormal nystagmus with or without visual 
fixation present. She was negative for Hallpike and roll 
tests. Her head thrust tests showed abnormal VOR func- 
tion for all three semicircular canals on the left. Saccade 
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Figure 144.7 Shown is the audiogram for the case of the patient with left side Meniere syndrome, 
migraine-related dizziness, and chronic subjective dizziness. 
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function appeared normal and pursuit tracking was mildly 
disrupted with saccades. The VNG showed no response to 
warm or ice water (2°C to 3°C temperature) irrigations 
to the left and normal warm water irrigation to the right. 
Oculomotor studies were normal for saccade testing but 
showed that the saccadic disruption to pursuit tracking was 
beyond that expected or explainable for age. Rotational 
chair showed abnormalities consistent with peripheral 
unilateral involvement in a compensated state. CVEMPs 
were normal on the right and absent on the left. Unilateral 
centrifugation was normal on the right and utricular func- 
tion was absent on the left. Postural control assessment 
showed abnormal sway with fall reactions when she was 
forced to rely on vestibular system cues alone and abnor- 
mal sway under all other conditions without fall reac- 
tion using a rhythmic sway—a pattern noted in patients 
with anxiety disorders. Finally, her Hospital Anxiety and 
Depression Scale test was highly positive for anxiety and 
depression. The summary integration of her test findings 
was that of a severe left peripheral vestibular hypofunction 
involving all semicircular canals, the saccule, and utricle on 
the left. The disruption in pursuit tracking was a property 
of her migraine headaches and not an indicator of other 
central system involvement given the normal MRI and neu- 
rological workup. The left hypofunction was in a partially 
compensated state. She was then evaluated by a neurotolo- 
gist, a neurologist with subspecialty interests in dizziness 
and by a psychiatrist also with subspecialty interest and 
research activity in dizziness. The collective opinion was 
that while she had Meniere syndrome on the left in the 
past, it was now inactive and not related to her ongoing 
symptoms. Her 24/7 internal vertigo with unsteadiness and 
development of the visual sensitivities was related to anxi- 
ety disorder and the development of Chronic Subjective 
Dizziness Syndrome (52). Her spontaneous exacerbation 
in symptoms lasting hours was migraine-related dizziness. 
She was initiated on sequential trials of fluoxetine with a 
migraine prophylactic medication and then finally settled 
with venlafaxine and tricyclic antidepressant. Vestibular 
rehabilitation therapy, specifically habituation exercises for 
her sensitivity to head/visual motion and visual complex- 
ity with work on general balance, was used in conjunction 
with the medication, and no further treatment of any type 
was needed for her Meniere syndrome. 

The case illustrates that as the presenting symptoms 
change over time there is need for reevaluation and likely 
change in diagnosis. The problem with this case was the 
insistence that even as the presenting symptoms and char- 
acter of symptoms changed, everything was felt to be con- 
tinuing as a result of Meniere syndrome. Second, the test 
findings were collectively supportive of a virtually com- 
pensated hypofunction other than the postural control 
findings that were dominantly related to her anxiety. The 
pursuit dysfunction with normal MRI and importantly 
a symptom presentation for headaches meeting inter- 
national headache society criteria for migraine is what 


allowed that single finding to be attributed to migraine 
headaches and not an unknown central disorder. 

The authors note that significant portions of the above 
text also appear in two other recent publications by the 
same authors (53,54). 


m= Vestibular and balance laboratory studies can be 
used for determination of the extent site of lesion 
and for evaluating the functional aspects of the VOR 
and postural control. 

m The purpose of the oculomotor tests is to determine 
if possible central vestibular system involvement 
should be suspected. 

m Saccade testing along with gaze-stability evaluation 
can be used to suggest localization of lesions within 
the central vestibular system. 

= Positional nystagmus is the most common abnormal- 
ity on an ENG/VNG but in isolation is nonlocalizing. 

= Caloric irrigations by air or water evaluate only the 
horizontal canals and allow for comparison of left 
versus right side responsiveness to an exogenous 
stimulus. 

= Rotational chair provides a means for expanding the 
investigation of the peripheral vestibular system. 

m c- and oVEMPs and unilateral centrifugation pro- 
vide tools for the evaluation of the otolith organs. 

= A combination of caloric irrigations, HIT, VEMPs, 
and unilateral centrifugation allow for investigation 
of all semicircular canals and both otolith organs on 
left and right. 

= Postural control assessment via the SOT protocol is 
strictly a functional evaluation. 

m The key to the effective use of the laboratory studies 
is the integrated interpretation of the study results 
in the context of the presenting history. 
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Neurophysiologic 
Intraoperative Monitoring 


Brannon D. Mangus 


The growth of otology, neurotology, and skull base surgery 
has allowed the surgical extirpation of intratemporal and 
retrocochlear pathology while preserving the seventh and 
eighth cranial nerves. Along with advanced microsurgical 
techniques, intraoperative neurophysiologic monitoring has 
played an integral role in the increase in expectations of cra- 
nial nerve preservation. The primary goal of intraoperative 
neurophysiologic monitoring is to aid in the preservation of 
nerve integrity and function and, in selected applications, 
allow for the prediction of postoperative functional impair- 
ment. Table 145.1 describes the ideal requirements for an 
intraoperative neurophysiologic monitor. The purpose of 
this chapter is to acquaint the reader with currently avail- 
able techniques of neurophysiologic monitoring, primarily 
as they relate to the surgical management of temporal bone 
and posterior fossa pathology. This chapter also explores 
the indications, techniques, and potential controversies of 
intraoperative neurophysiologic monitoring with particular 
focus on facial and auditory nerve monitoring. 


The primary goal of most otologic and neurotologic pro- 
cedures is the eradication of disease while minimizing 
morbidity. When considering vestibular schwannomas and 
skull base tumors, many surgeons regard the preservation 
of hearing a secondary, yet significant, goal even in patients 
with functional hearing in the contralateral ear. Advances in 
diagnostic capabilities, specifically the routine use of con- 
trast-enhanced MRI, have resulted in the earlier detection 
of smaller tumors. This detection, coupled with advances 
in microsurgical techniques and intraoperative neurophys- 
iologic monitoring, has increasingly made preservation of 
hearing a reasonable goal in select situations. Furthermore, 
the likelihood of certain disease processes, such as neuro- 
fibromatosis type II, to produce bilateral lesions highlights 
the benefits of attempted hearing preservation. 
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The characterization of the human auditory evoked 
potentials in 1971 by Jewett and Williston allowed for the 
development of the first intraoperative monitoring system 
of the auditory nerve, first implemented in 1978 (1,2). 
Since then, intraoperative eighth nerve monitoring has 
been used during vestibular schwannoma resection, ves- 
tibular nerve section, facial nerve exploration, and other 
skull base procedures in which the auditory system can be 
placed at risk. 

Of the procedures mentioned above, vestibular schwan- 
noma resection carries the highest risk of postoperative 
hearing impairment (3). Many patients with a vestibular 
schwannoma already present with sensorineural hearing 
loss, which is believed to be secondary to cochlear dys- 
function induced by internal auditory artery insufficiency 
or by cochlear nerve dysfunction resulting from pressure, 
atrophy, or tumor invasion. Although surgical techniques, 
such as the middle fossa approach and the suboccipital 
(retrosigmoid) approach, have been designed to mini- 
mize the likelihood of total hearing loss associated with 
the translabyrinthine approach, these measures preserve 
some degree of hearing in only 29% to 65% of patients 
depending on tumor size and location (4-8). During sur- 
gery, the auditory system may be injured via direct injury 
to the cochlea or membranous labyrinth, through laby- 
rinthine artery injury with resultant cochlear ischemia, 
via cochlear nerve stretching, compression, transection, or 
thermal injury from drilling, cautery, or surgical dissection, 
or at the brainstem. Because of the variable coverage of the 
central glial segment of the nerve that often extends to the 
internal auditory canal (IAC), the auditory nerve may be 
more fragile than other cranial nerves, rendering it particu- 
larly susceptible to stretch or thermal injuries (9). During 
vestibular schwannoma resection, the goals of intraopera- 
tive auditory monitoring are twofold: to warn the surgeon 
when surgical manipulation may be causing auditory sys- 
tem injury and to predict postoperative hearing function. 


Chapter 145: Neurophysiologic Intraoperative Monitoring 


U5) CHARACTERISTICS OF THE IDEAL 
4-9) NEUROPHYSIOLOGIC MONITOR 


Functions in the operating room in the presence of other electrical 
devices, such as air drills and anesthesia machines, with minimal 
dysfunction or artifact. 

Functions safely so that even if dysfunction does occur, no harm to 
the patient can occur. 

Incorporates straightforward and reproducible setup and monitor- 
ing procedures to avoid delay in preparation for the procedure 
and to minimize errors in data analysis, operative time, and cost. 

Accurately and continuously monitors the cranial nerve (end organ, 
peripheral system) at risk for intraoperative injury. 

Exhibits sufficient sensitivity and specificity to detect intraopera- 
tive changes in the system being monitored for surgical altera- 
tions, without unnecessary false alarms. 

Rapidly alerts the surgeon in sufficient time to alter surgical tech- 
nique to minimize trauma to the system at risk. 

In the case of intraoperative facial nerve monitoring, allows the 
surgeon to receive feedback through auditory, visual (electro- 
myographic tracing, oscilloscope), or a combination of stimuli, 
so that the surgeon can monitor the facial nerve without the 
mandatory assistance of trained personnel, if desired. 


AUDITORY SYSTEM MONITORING 
TECHNIQUES 


A number of studies, but not all, have shown that auditory 
monitoring may improve outcomes in neurotologic surgery. 
Much controversy remains concerning which monitoring 
technique is best (10). The evoked potentials that are gener- 
ated in response to auditory stimuli provide the foundation 
for neurophysiologic eighth nerve monitoring. There are 
three primary types of intraoperative auditory monitoring: 
brainstem auditory evoked potentials (BAEPs), also known 
as auditory brainstem response (ABR); electrocochleogra- 
phy (ECochG); and auditory nerve compound action poten- 
tial (ANCAP), also known as direct eighth nerve monitoring 


Porus 
acousticus 


Direct 
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(DENM) or cochlear nerve action potential (CNAP) moni- 
toring. Each of the techniques has level-specific responses 
that provide useful information about auditory system 
integrity and function, as seen in Figure 145.1. 

Although these techniques are described separately for 
purposes of discussion, when clinically applied to intra- 
operative monitoring of the auditory system, each may be 
used alone, or in combination with each other. They are 
classified as either far-field or near-field techniques based 
on the distance between the recording electrodes and the 
generators of the response (i.e., brainstem nuclei for ABR 
and cochlea for ECochG). 


AUDITORY BRAINSTEM RESPONSE 


The least invasive method of eighth nerve monitoring, ABR, 
is a commonly utilized far-field modality. Stimuli, often 
in the form of “clicks” or tone bursts, are presented to the 
ear through transducers or inset earphones, and responses 
from components of the auditory system are recorded 
from the scalp or external auditory canal with electroen- 
cephalogram amplifiers. When compared to near-field 
monitoring techniques (e.g., ECochG, CNAP), ABR has a 
low signal-to-noise ratio and, therefore, requires extensive, 
time-consuming averaging for useful interpretation. 

The ABR tracing contains five peaks, moving from dis- 
tal (cochlea) to proximal (brainstem) along the auditory 
pathway. The first two peaks (I and II) arise from activity 
along the distal and proximal ipsilateral cochlear nerve. 
The remainder of the ABR waves originate from the audi- 
tory brainstem. Wave III, which is prominent, corresponds 
to the cochlear nucleus; peak IV corresponds to the supe- 
rior olivary nucleus; and peak V, the most prominent com- 
ponent of the ABR, corresponds to the lateral lemniscus 
and inferior colliculus, which also integrates inputs from 
the contralateral ear (11). Deviations from the baseline 
recording such as increasing latency intervals are analyzed 
relative to surgical manipulations. Changes in the ABR will 


Brain stem 


Figure 145.1 Schematic shows level-specific respon- 
ses obtained with electrocochleographic, ABR, and 
direct ANCAP recordings. 
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10:38, 37.0°C, opening dua 
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11:45, 37 3°C, resecting tumor 


13:05, 37.4°C, resecting tumor 


13:34, 37.6°C, irigating 


14:03, 37.8°C, irrigating 


14:15, 37.3°C, irrigating 
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Figure 145.2 Intraoperative ABR to right ear stimulation during surgery for a meningioma in the 
right cerebellopontine angle. The ABRs were stable during cerebellar retraction and tumor resec- 
tion. After the tumor had been removed, copious irrigation of the surgical field with cold fluids 
produced a transient prolongation of the I-to-Ill interpeak interval, reflecting slowed neural conduc- 
tion within the eighth nerve resulting from local cooling. The peak latencies of waves |, Ill, and V are 
marked by the small diamonds, and the clock times, esophageal temperatures, and surgical proce- 
dures corresponding to each of the ABR waveforms are noted at the right. (Taken from Legatt AD. 
Mechanisms of intraoperative brainstem auditory evoked potential changes. J Clin Neurophysiol 
2002;19:396-408, with permission from Lippincott Williams & Wilkins.) 


vary depending on the location of injury along the audi- 
tory pathway (see Fig. 145.2). 

Different types of surgical manipulation can affect the 
intraoperative ABR in different ways. Drilling of the tem- 
poral bone can cause direct inner ear trauma or cochlear 
ischemia or infarction due to compromise of the internal 
auditory artery affecting all ABR components, including 
wave I. Mechanical or thermal injury to the eighth nerve 
will delay and potentially eliminate waves IH and V, but 
leave wave | unaffected. Retraction of the cerebellum 
and brainstem stretches the eighth nerve resulting in an 
often reversible prolongation of the I-to-III peak interval. 
Similarly, vasospasm within the eighth nerve can cause 
potentially reversible ABR changes. Damage at or caudal to 
the superior olivary complex will delay or eliminate wave 
lll, and damage to the brainstem auditory pathways at or 
below the level of the lateral lemniscus affect wave V in a 
similar fashion (9,12). Nontraumatic maneuvers such as 
opening the dura alters the conduction patterns of the ABR 
appearing as changes on the monitor; in these situations, 
an intraoperative baseline may need to be reestablished 
prior to further manipulation of the auditory system (12). 

Changes to intraoperative ABR may also be caused by 
other physiologic mechanisms such as blood in the middle 
ear, certain volatile anesthetics, hypothermia, irrigation, 


and acoustic masking from drilling noise. During intra- 
operative ABR monitoring, examination of the pattern of 
changes, analysis of their correlation with surgical maneu- 
vers, and investigation for possible technical reasons can 
help to determine the cause of the ABR changes and pro- 
vide the appropriate information to the surgical team (9). 

Extensive signal averaging required in ABR monitoring 
result in minutes lapsing between an offensive manipulation 
and the appearance of changes from the baseline recording. 
The surgeon must then retrospectively evaluate recent opera- 
tive actions and provide a corrective action, if possible. This 
time lag is a significant limitation to this technique. However, 
fast ABR, which utilizes both an analog and digital filter with 
enhanced software, permits interpretable ABR readings in 
five seconds making it more suitable for intraoperative mon- 
itoring (13). Despite recent advancements, intraoperative 
ABR has yet to yield improved functional outcomes (14). 
Being a far-field technique, intraoperative ABR has increased 
susceptibility to disruption by various intraoperative proce- 
dures and surgical equipment because of its poor signal-to- 
noise ratio and poor temporal resolution (15). 

An additional disadvantage of the ABR technique is that a 
useful preoperative ABR is required to serve as a baseline. This 
is often limited in the presence of known preoperative hear- 
ing loss. However, some patients with absent preoperative 
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Figure 145.3 Intraoperative ABR tracings of a patient with preserved hearing after excision of 
intracanalicular acoustic neuroma. A1, baseline; A2, prolongation of | through III latency; A3 to A5, 


additional intraoperative deterioration. 


ABR waveforms can be monitored with other techniques 
(e.g., CNAP) with a significant percentage of these patients 
ultimately achieving hearing preservation (16). 

Despite its limitations, intraoperative ABR during ves- 
tibular schwannoma resection may be associated with 
improved preservation of hearing (17,18). Strauss et al. 
showed in a prospective, randomized fashion that the 
implementation of corrective actions based on ABR changes 
could significantly improve the rate of functional hearing 
preservation (19). However, Jackson et al. showed that the 
use of intraoperative ABR did not change their ability to 
preserve hearing, with an overall rate of about 60% (20). 

Several studies have attempted to evaluate the prognos- 
tic value of intraoperative ABR although their significance is 
unclear, but certain intraoperative ABR patterns are associ- 
ated with postoperative hearing outcomes (20). Persistence 
of wave V at the conclusion of the procedure has been asso- 
ciated with serviceable hearing. Similarly, complete elimina- 
tion or irreversible and progressive loss of wave V indicates 
a high likelihood of postoperative hearing loss (12,15). 

However, preservation of wave V does not guarantee 
maintenance of postoperative hearing, as auditory func- 
tion may decline postoperatively, despite its presence in the 
immediate postoperative period, possibly reflecting postop- 
erative cochlear artery spasm (21). Also, the loss of intraop- 
erative ABR recordings does not always imply that hearing 


is completely lost or unserviceable. Variable reversible loss 
of ABR tracings has been associated with varied hearing out- 
comes (15,22). Figure 145.3 shows a series of intraoperative 
ABR recordings on a 52-year-old male who had undergone 
resection of an intracanalicular vestibular schwannoma 
via a middle fossa approach. Tracing Al shows a baseline 
intraoperative recording. During dissection of the tumor 
at the fundus of the IAC, there is a prolongation of wave | 
to III latency, seen in tracing A2. Although further tracings, 
A3 through A5, show progressive deterioration of the ABR 
recording, comparison between this patient's preoperative 
and postoperative audiogram showed preservation of ser- 
viceable hearing (see Figs. 145.4 and 145.5). 

Intraoperative ABR monitoring has also been shown 
to decrease auditory morbidity during posterior fossa 
microvascular decompression for hemifacial spasm and 
trigeminal neuralgia (23-26). However, microvascular 
decompression for hemifacial spasm without intraopera- 
tive ABR monitoring has also been shown to provide simi- 
lar postoperative auditory results (27). 


ELECTROCOCHLEOGRAPHY 


ECochG is a near-field technique that monitors the cochlea 
and the most distal portion of the auditory nerve. As 
such, the signal can be obtained more rapidly with fewer 
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Figure 145.4 Preoperative audiometric findings for the patient in Figure 145.5. 


sweeps and averaging. Auditory stimuli are delivered to 
the cochlea commonly in the form of a click. The two 
recording approaches for ECochG are transtympanic (TT) 
and extratympanic (ET). The TT method involves pen- 
etrating the tympanic membrane with a needle electrode 
so that the tip rests on the cochlear promontory. The ET 
method has recording sites that are peripheral to the tym- 
panic membrane via external auditory canal electrodes. 
While less invasive compared to the TT counterparts, the 
increased distance of the ET electrodes from the recording 
targets minimizes the amplification advantage of this near- 
field technique (28). Figure 145.6 shows a typical ECochG 
setup, with an insulated TT recording needle electrode 
placed on the promontory of the middle ear. To improve 
stability during testing, the electrode may first be placed 
through the tragus. Figure 145.7 shows an ECochG tracing 
from a patient undergoing removal of a vestibular schwan- 
noma. Recording electrodes placed closer to the promon- 
tory encounter less noise, resulting in more rapid signal 
generation (within 10 s) with less required averaging (12). 
ECochG monitors the cochlear microphonic (CM), as well 
as the summating potential (SP) and eighth nerve action 
potentials (APs) arising from a stimulus. 

The CM and the SP represent cochlear bioelectric activ- 
ity: the CM is generated by the outer hair cells in the organ 


of Corti, and the SP is generated by a complex mechano- 
electrical transduction process within the organ of Corti. 
The compound action potential (AP) of the auditory nerve 
represents the summed response of synchronous discharges 
from several thousand afferent eighth nerve fibers. The first 
component of the AP, often referred to as N1, is analogous 
to wave I of the ABR (11,29). Differentiation of the SP from 
the AP, which are normally superimposed on each other, 
may be accomplished by increasing the click rate. With 
higher click rates, the eighth nerve AP will decrease because 
the stimulus frequency is shorter than the refractory period 
for each neuron contributing to the AP. The N1 latency is 
inversely related to the stimulus rate, whereas its amplitude 
is directly related to the stimulus rate (11). 

Clinically, ECochG may be used to predict postoperative 
audition and is sensitive to changes in cochlear blood sup- 
ply. Reduced amplitude or loss of the ECochG AP is believed 
to indicate direct injury to or vasopasm of the labyrinthine 
(internal auditory) artery (29). Change in the CM may indi- 
cate cochlear pathophysiology. Because less signal averaging 
is required, surgeons are alerted to damaging maneuvers or 
situations more quickly than with ABR (29). A comparison 
of monitored and nonmonitored patients undergoing ves- 
tibular schwannoma resection demonstrated a significantly 
improved outcome for those in the monitored group (30). 
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Figure 145.5 Postoperative audiometric findings for patient in Figure 145.4. SF, sound field; MCL, 
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Potential drawbacks of ECochG monitoring arise from 
its invasiveness, difficulty of appropriate needle place- 
ment, and potential for intraoperative dislodgement of 
the electrode (31). TT needle placement may increase the 
tisk of postoperative cerebrospinal fluid otorrhea (29). 
More significantly, ECochG may not accurately reflect 
intraoperative changes that occur medially within the cer- 
ebellopontine angle (31). Persistence of ECochG signals 
after cochlear nerve section has been well documented. 
Utilizing intraoperative ECochG, Silverstein et al. dem- 
onstrated signal persistence for 25 minutes after cochlear 
nerve section (32), while APs have been documented 
3 years after cochlear nerve resection (33). Because of limita- 
tions encountered with ECochG use and suspicion that use 
of ECochG alone may be less effective than other means 
of monitoring (12), the use of ECochG as the sole method 
of intraoperative monitoring has been reported with less 
frequency in recent years. Nevertheless, ECochG may be 
a useful adjunct to other monitoring techniques to provide 
a broader picture of the auditory pathway. 

Despite its limitations, ECochG, particularly the SP, may 
be useful in surgery for Meniere disease, as sac decompres- 
sion precipitates a decrease in previously elevated SPs in 
several patients (34). Although an abnormal SP/AP ratio 
has historically been associated with Meniere, recent stud- 
ies have shown that an elevated SP/AP ratio also is a con- 
sistent finding in superior semicircular canal dehiscence 


(SSCD) (35). Knowing that this SP/AP ratio normalizes 
after surgery suggests a potential opportunity for intraop- 
erative monitoring with ECochG during repair of SSCD. 


DIRECT EIGHTH NERVE MONITORING 


Another near-field technique, direct monitoring of the CNAP 
or ANCAP, seeks to circumvent some of the potential prob- 
lems with ABR and ECochG recording. Since its introduction 
by Moller and Jannetta in the 1980s, CNAP has gained increas- 
ing acceptance (36). It is the most sensitive modality to moni- 
tor the eighth cranial nerve and may be used in patients with 
poor or absent ABR tracings. One report described a series of 
nine patients with absent preoperative ABR waveforms who 
were successfully monitored with CNAP. Seven of the nine 
patients ultimately achieved hearing preservation (16). 

The CNAP positive electrode is placed on the nerve 
proximal to the tumor or adjacent to the cochlear nucleus 
once exposed; hence, this type of monitoring is usually 
restricted to the retrosigmoid approach. However, a few 
authors have reported the use CNAP monitoring for mid- 
dle cranial fossa approaches with some benefit (37,38). 
The negative electrode is placed in the contralateral mas- 
toid tip area and the ground electrode is placed at the 
vertex (13). Click stimuli are administered to the ear, elicit- 
ing a characteristic waveform with an initial positive peak 
(N1), as in Figure 145.8. Because the compound AP is very 
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Figure 145.6 Schematic shows placement of intraoperative TT needle electrode through tragus. 
A gold foil electrode sound delivery system is in the distal portion of the ear canal. 


large in this near-field technique, there is little to no need 
for signal averaging, and the feedback to the surgeon can 
be nearly instantaneous (12,13). 

Analyzing the morphology and latency of CNAP com- 
ponents provides information regarding the mechanism of 
injury and gives the surgeon insight into which maneuvers 
are beneficial and which are harmful to hearing (15,39). 
Moderate injury to the nerve decreases CNAP amplitude, 
with complete loss of signal in severe contusion or tran- 
section. Stretching the nerve increases the N1 latency, 
and diminished N1 amplitude may be the first sign of 
mechanical or thermal injury to the nerve (12). Unlike 


Figure 145.7 Intraoperative TT electrocochleo- 
graphic recordings of a patient undergoing removal 
of acoustic tumor. CM, cochlear microphonic; N,, 
action potential of eighth cranial nerve. 
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other monitoring techniques, the information provided 
by CNAP monitoring is presented in real time, allowing 
the surgeon to correct for the offending maneuver (see 
Fig. 145.9). Potential difficulties with securing the elec- 
trode have largely been overcome utilizing a variety of tech- 
niques (13,20). However, placement of the electrode can 
be challenging and sometimes not feasible when applied 
to tumors with cerebellopontine angle involvement where 
exposure may be limited (40). 

CNAP monitoring is potentially a sensitive prognostic 
tool. Preservation of the CNAP has been associated with 
hearing preservation in one case series in 78% of patients 
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Figure 145.8 Intraoperative recording shows direct ANCAP of a 
patient undergoing retrolabyrinthine vestibular nerve section. 
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Figure 145.9 Set of CNAPs recorded during retrosigmoid- 
transmeatal removal of a 19-mm left vestibular schwannoma in a 
33-year-old man. Preoperative hearing: PTA 26 dB; SDS 90%. The 
CNAP changes are shown at different surgical steps. Postoperative 
hearing: PTA 47 dB; SDS 70%. (Taken from Colletti V, Fiorino FG. 
Advances in monitoring of seventh and eighth cranial nerve function 
during posterior fossa surgery. Am J Otol 1998;19:503-512, with 
permission from Lippincott Williams & Wilkins.) 
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(20); conversely, lack of an AP response at the completion 
of the procedure carries a very poor prognosis for postoper- 
ative hearing preservation (12,20). However, earlier studies 
have shown that CNAP monitoring did not affect hearing 
preservation (41,42). 

Despite the advantage of more instantaneous feed- 
back with possibly improved likelihood of hearing 
preservation (40), some surgeons have been reluctant 
to embrace this technique not only because the elec- 
trode can be difficult to place but also, once placed, can 
become a cumbersome impediment as it lies in the sur- 
gical field. 


COMPARING THE THREE MONITORING 
TECHNIQUES 


Compared to the use of ABR and ECochG during vestibu- 
lar schwannoma resection, there has been a trend toward 
improved hearing outcomes with CNAP monitoring. 
Additionally, the loss of CNAP N1 at the completion of 
the surgical procedure is a poor prognostic sign for hearing 
preservation (12). A study comparing 22 ABR-monitored 
patients with 44 CNAP-monitored patients reported a sta- 
tistically significant improvement in hearing preservation 
rates, which they defined as preservation of any retained 
hearing in those monitored with CNAP. However, these 
results did not achieve statistical significance for the pres- 
ervation of serviceable hearing, but the trend pointed 
toward CNAP monitoring (27% for ABR, 43% for CNAP) 
(40). It provides reliable auditory monitoring more fre- 
quently than ABR, reflects the intraoperative auditory 
function almost in real time, predicts postoperative hear- 
ing with excellent sensitivity and specificity, and is more 
useful for monitoring in the removal of small vestibular 
schwannomas with hearing preservation (15). Others have 
also concluded that CNAP monitoring offered superior 
monitoring and improved outcomes compared to other 
techniques (20,39,40). Despite the perceived superiority of 
CNAP monitoring, the technical difficulty of placing and 
operating around electrodes, as well as the limited space 
available in the setting of large tumors, continue to limit 
its acceptance (31). 

The overwhelming majority of data supporting the use 
of intraoperative monitoring of the auditory system come 
from retrospective analyses (40). However, comparing the 
results of hearing preservation surgeries across studies or 
institutions is inherently difficult for a number of reasons. 
First, the selection criteria for patients undergoing hear- 
ing preservation surgery can differ dramatically between 
institutions. Tumor size, preoperative hearing ability, and 
the surgeon’s experience in removing such tumors are 
other frequently encountered variables. Additionally, the 
intraoperative monitoring technique, the interpretation, 
and the surgical response are operator dependent. Lastly, 
the most significant limitation is how each author defines 
preservation of hearing. Some studies regard any detectable 


2322 Section IX: Otology 


AMERICAN ACADEMY OF HEAD AND NECK SURGEONS 
CLASSIFICATION OF HEARING PRESERVATION SURGERY 


Speech Discrimination (%) 


>70 
>50 
>50 
<50 


TABLE 
145.2 FOR VESTIBULAR SCHWANNOMA 
Class Pure Tone Threshold 
A <30 dB 
B >30 dB, <50 dB 
Cc >50 dB 
D Any level 


hearing as preservation, whereas others use more selective 
criteria to include only those with truly functional hear- 
ing. A recent review demonstrated that substantial varia- 
tions in published rates of hearing preservation can be 
achieved simply by manipulating the definition of suc- 
cess (43). Standardized schemes for reporting results have 
been developed, but even these are disputed and are not 
uniformly applied (43,44). According to the guidelines of 
the American Academy of Otolaryngology-Head and Neck 
Surgery, hearing preservation is defined as preservation of 
hearing within normal and social hearing classification, 
that is, pure tone audiometry <50 dB and speech discrimi- 
nation score 250% (10,44,45) (see Table 145.2). 

Because of the increased prevalence of contrast-enhanced 
MRI scanning, today’s surgeon encounters a greater num- 
ber of small tumors and is afforded a greater opportunity to 
preserve hearing (46). Although comparing studies evalu- 
ating the success of hearing preservation surgery remains 
difficult, the use of intraoperative auditory monitoring has 
been associated with improved results. Many surgeons have 
reported monitoring to be useful, and a substantial body of 
literature supports the use of intraoperative auditory moni- 
toring in the appropriate setting. Consequently, its use has 
become routine in hearing preservation surgery in many 
major centers. 


COMBINED APPROACHES 


Because individual cochlear nerve-monitoring modalities 
have limitations and weaknesses in their clinical applica- 
tions, some surgeons have utilized multiple modalities. 
Combinations of near- and far-field techniques help cre- 
ate a complete picture of the auditory system, from the 
cochlea and the distal eighth nerve to the brainstem and 
higher centers. Some investigators have described the 
simultaneous use of ABR and ECochG to localize the ori- 
gin of detected changes in the auditory system, whereas 
others advocate ABR and CNAP monitoring (47,48). 
When monitoring patients undergoing vestibular 
schwannoma removal with both ABR and ECochG, 
Schalke et al. (29) reported an overall hearing preser- 
vation rate of 51%. The loss of ECochG signal in this 
study coincided with postoperative deafness (26/26 
patients). However, serviceable postoperative hearing was 


maintained in 25% of patients with an absent postopera- 
tive ABR but preserved ECochG. Very good rates of hear- 
ing preservation have been documented when combining 
the use of ABR with CNAP (20,39,49). The utility of ABR 
in cases monitored with CNAP has been called into ques- 
tion, however, as multiple studies have not demonstrated 
any advantage with the addition of ABR monitoring com- 
pared to CNAP alone (15,20). In one study, during the 
microsurgical tumor removal, reliable auditory monitor- 
ing was obtained in 20 of 22 patients (91%) by CNAP and 
in nine of 22 (41%) by ABR. The same study showed that 
preserved CNAP at the completion of tumor removal pre- 
dicted hearing preservation 100% sensitivity and 100% 
specificity; all 19 patients who had preserved CNAP at the 
end of the case demonstrated serviceable hearing, while 
one patient in whom CNAP disappeared lost hearing. It 
demonstrated that the loss of ABR is not specific for hear- 
ing loss; 12 of 14 patients preserved hearing despite the 
lack of ABR presence at the completion of the case (15). 


HORIZONS 


Rapid feedback and improved sensitivity of the monitoring 
techniques have improved the clinical applications of this 
technology, but all responses must be critically analyzed 
relative to the surgical procedure. Eighth nerve monitoring 
cannot serve as a replacement for preoperative planning, 
meticulous surgical technique, and a detailed knowledge 
of regional anatomy. Despite the challenges of intraop- 
erative auditory monitoring in otologic and neurotologic 
procedures, expanding technologic frontiers have emerged 
because of information obtained from intraoperative 
auditory monitoring. Nimodipine has been shown to 
rescue traumatized cochlear neurons from degeneration 
in rats (50). Subsequently it was demonstrated that pro- 
phylactic vasoactive treatment consisting of nimodipine 
and hydroxyethyl starch (HES) provided significantly bet- 
ter preservation of cochlear nerve function in vestibular 
schwannoma surgery (6). Bischoff further showed that only 
patients who had reversible loss of BAEP benefitted from 
vasoactive treatment (51). Other monitoring techniques 
such as distortion product otoacoustic emissions (DPOEs) 
have shown some promising results (52), but further eval- 
uation is required to assess its impact on outcomes. 
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Armed with an understanding of the fundamental tech- 
niques of intraoperative auditory system monitoring, the 
surgeon may then decide which modalities, if any, will be 
applicable to the planned surgical procedure. Although 
the future appears bright for eighth nerve monitoring, 
it still trails facial nerve monitoring in applications and 
acceptance. 


INTRAOPERATIVE FACIAL NERVE 
MONITORING 


Facial nerve injury with resultant paresis or paralysis is a 
devastating and one of the most feared complication of 
otologic surgery. It is also one of the more common reasons 
for malpractice litigation in otolaryngology (53). Morbidity 
from this injury depends on the site of the injury as well as 
the degree of injury to the facial nerve, ranging from a mild, 
partial paresis of brief duration to permanent injuries with 
significant sequelae. Temporary or partial paralysis may 
result in long-term cosmetic deformities, including synki- 
nesis, atrophy, or bothersome facial twitching. Permanent 
facial paralysis may result in extensive cosmetic deformity 
or severe functional deficits, leading to oral incompetence 
and, in extreme cases, corneal injuries and blindness as well 
as significant psychological effects on the patient. Although 
facial nerve injury can occur during any otologic or neu- 
rotologic procedure, certain procedures such as vestibular 
schwannoma excision, revision mastoid surgery, and repair 
of congenital malformations carry a greater risk. While 
most otolaryngologists are familiar with normal facial 
nerve anatomy, the nerve may run an aberrant course or be 
obscured by tumor, fibrosis, cholesteatoma, granulation tis- 
sue, bleeding, and even spinal fluid. The incidence of facial 
nerve paralysis resulting from otologic and neurotologic 
procedures has declined over the past decades likely because 
of the advent of the operative microscope, high-speed surgi- 
cal drill, and advanced microsurgical techniques. Prior to 
these advances, the incidence of facial nerve paralysis fol- 
lowing mastoid surgery was as high as 15% (54). A more 
recent estimate of facial nerve paralysis found an incidence 
of 1.7% in 1,024 consecutive mastoidectomies (55). 

The importance of facial nerve monitoring during oto- 
logic and neurotologic surgery extends beyond merely 
avoiding untoward outcomes. Because of its intricate 
involvement with the structures of the temporal bone, the 
facial nerve often serves as an invaluable landmark in per- 
forming certain operations. Identification of the facial nerve 
promotes orientation in the complex three-dimensional 
anatomy of the temporal bone and comprises an essential 
step in many otologic and neurotologic procedures. 


FACIAL NERVE INJURY 


There are many mechanisms by which the facial nerve 
can be injured during otologic and neurotologic sur- 
gery. Possible sources of trauma are listed in Table 145.3. 
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TABLE 
TYPES OF FACIAL NERVE INJURY 


145.3 


Transection 

Direct trauma from surgical dissection 

Direct trauma from surgical drill 

Stretch 

Compression 

Thermal damage from drilling, cautery, laser, irrigation 

Vascular compromise 

Direct or indirect injury from the ultrasonic aspirator 

Edema of the nerve in the fallopian canal from surgical dissection 


Resection of vestibular schwannomas places the facial 
nerve at the greatest risk, primarily because of the limited 
access to the intracranial facial nerve, the narrow confines 
of the IAC, the absence of a fibrous protective layer of epi- 
neurium, and the tendency for the tumor to splay the nerve 
fibers. Most facial nerve injuries during resection of vestib- 
ular schwannomas occur medial to the porus acousticus at 
the mid-cerebellopontine angle, where it may be injured 
from surgical dissection or compression by the mass (56). 
Additionally, bone surrounding the mastoid, tympanic, 
and labyrinthine segments is often thinned to maximize 
exposure of the IAC. In a series that looked at facial nerve 
injury in vestibular schwannoma resection, the facial nerve 
was preserved in 95% to 100% of all patients with tumors 
less than 1 cm, 80% to 92% of patients with tumors mea- 
suring 1 to 2 cm, and 50% to 76% of patients with tumors 
greater than 2 cm (6). Another study showed interruption 
of the facial nerve in 2% to 10% of patients who under- 
went resection of vestibular schwannomas (57). 

Excluding vestibular schwannoma surgery, the most 
common site of iatrogenic injury during otologic surgery 
occurs in the tympanic segment followed by the mastoid 
segment and second genu (58). In a review of the experi- 
ence at the House Ear Clinic, 57% of the iatrogenic facial 
nerve injuries occurred during the mastoidectomy, with 
or without tympanoplasty. Of note, 14% of the patients 
studied sustained an injury to the facial nerve during tym- 
panoplasty, and an additional 14% were injured during 
the removal of bony exostoses from the ear canal (59). 
Intraoperative facial nerve monitoring serves as a useful 
adjunct to a detailed knowledge of normal and variant 
temporal bone anatomy, careful preoperative planning, 
and meticulous surgical technique to minimize the chance 
of inadvertent injury to the facial nerve. 


HISTORY 


Krause reported the first case of facial nerve monitoring 
during a neurotologic procedure 1898. He noted that 
electrical stimulation of the nerve resulted in facial move- 
ment (60). Throughout the first half of the 20th century, 
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other surgeons used similar techniques, employing either 
direct observation of the facial muscles or having an assis- 
tant manually palpate the face during dissection or electri- 
cal stimulation. In 1965, Jako developed a photoelectric 
sensing device that detected light transmission through the 
cheek when placed inside the mouth, activating an audible 
signal (61). Some surgeons went as far as securing bells 
to the their patients’ faces hoping that facial movement 
would produce an audible alert (62). Hampered by poor 
sensitivity and reliability, few of the early devices gained 
widespread acceptance. 

Electromyography (EMG) was first employed as a 
method of facial nerve monitoring in 1979. Intraoperative 
stimulation of the nerve triggered responses that were 
detected by surface electrodes and displayed on an oscillo- 
scope (63). To improve recognition of facial nerve stimula- 
tion, Sugita and Kobayashi devised a method to transduce 
facial movement into an auditory signal that could be 
heard by the surgeon and operating room personnel (64). 
In 1984, Moller and Jannetta (65) combined EMG, a con- 
stant voltage stimulator, and auditory signal in IOFNM. 
Combining visual and auditory signals to represent facial 
nerve stimulation and the use of insulated stimulator 
probes has not only increased the utility of facial nerve 
monitoring but also simplified the practical application of 
such technologies. 


FACIAL NERVE MONITORING SYSTEMS 


Several types of facial nerve monitors are currently avail- 
able. Most of these systems monitor facial nerve integrity by 
detecting facial muscle contractions. Some systems utilize 
mechanical pressure sensors to detect facial muscle activity 
from manipulation, trauma, or directed stimulation of the 
nerve with a specially designed probe; others rely on video 
analysis of facial movements (66,67). Still others exam- 
ine facial nerve APs, recorded either in an orthodromic 
(proximal-to-distal) or antidromic (distal-to-proximal) 
manner. Currently, the most common method of IOFNM 
measures EMG potentials, which has been shown to be 
more sensitive than movement sensors. By monitoring the 
electrical activity of the target muscles, EMG systems reflect 
the activity and integrity of the innervating nerve (68). 
Video analysis, although not as sensitive as EMG, also 
remains an area of active research (66,67,69). Regardless of 
the system used, intraoperative monitoring systems should 
meet certain criteria (Table 145.1) and assist in performing 
certain tasks (Table 145.4) (39). 


ELECTROMYOGRAPHY AND EVOKED 
ELECTROMYOGRAPHY 


EMG is performed by placing a pair of needle electrodes 
into a target muscle of the monitored nerve. In IOFNM, the 
facial musculature, typically the orbicularis oculi and orbi- 
cularis oris in the two-channel setup, is monitored; a third 


W533) OBJECTIVES OF INTRAOPERATIVE 
yy) FACIAL NERVE MONITORING 


Early identification of the facial nerve in the temporal bone, IAC, 
cerebellopontine angle, or extratemporal portion during surgi- 
cal dissection 

Differentiation of the facial nerve from other structures in the sur- 
gical field, such as tumor, granulation tissue, or fibrosis 

Differentiation of the facial nerve from other nerves in the cer- 
ebellopontine angle (trigeminal, cochlear, superior, and inferior 
vestibular nerves) 

Rapid notification of the surgeon about trauma or pending trauma 
to the nerve 

Reduction of trauma to the nerve during dissection of acoustic 
neuroma or cholesteatoma, as well as during procedures that 
require transposition or rerouting of the nerve 

Early warning to the surgeon of an aberrant course of the nerve, 
or of unsuspected dehiscence of the nerve 

Evaluation of nerve integrity at the completion of the procedure 
and prediction of postoperative function 

Efficient identification of the site and degree of neural degenera- 
tion in patients undergoing facial nerve exploration for mass or 
paralysis® 


Silverstein H, Smouha EE, Jones R. Routine intraoperative facial nerve 
monitoring during otologic surgery. Am J Otol 1988;9:269-275. 


channel placed in the contralateral face or the trapezius 
muscle may be used as a reference electrode. The poten- 
tial difference between each electrode pair is subsequently 
amplified and displayed on an oscilloscope. Electrical activ- 
ity of the muscle will appear as biphasic waveforms on 
the oscilloscope tracing. The motor unit potential reflects 
the electrical response of a single muscle fiber to a single 
efferent nerve fiber. When the response of an entire muscle 
group to an efferent motor nerve is considered, it is termed 
the collective action potential (CAP) or the compound 
muscle action potential (CMAP). Changes in neural activity 
may occur during operative dissection near the facial nerve 
and during manipulation of the nerve, altering the baseline 
neural activity and propagating compound action poten- 
tials that appear as deflections on the oscilloscope (56). 

There are two types of electrode placement described in 
the literature: the bipolar technique recommends the use 
of electrode pairs in each muscle and the unipolar tech- 
nique suggests one electrode per muscle. When these two 
techniques were compared during vestibular schwannoma 
resection, the bipolar technique was found to be signifi- 
cantly more sensitive to A-trains and thus recommended 
as the setup of choice for continuous EMG monitoring 
(70). Four-channel EMG, which monitors the frontalis and 
platysma in addition to the orbicularis oris and oculi, has 
been shown to improve muscular activity detection and 
allow a more precise determination of stimulation thresh- 
olds than the two-channel EMG (71). 

Direct electrical stimulation with acoustic loudspeaker 
monitoring has been the technique of choice for intraop- 
erative monitoring of the facial nerve in the last 25 years. 


Chapter 145: Neurophysiologic Intraoperative Monitoring 


EMG activity can appear in a variety of forms including 
random muscle activity, a pulsed response coinciding with 
electrical stimulation, repetitive (train) activity, and nonre- 
petitive (burst, neurotonic discharge) activity. Train activity 
manifests as multiple responses from multiple motor units 
following a single stimulus. Such repetitive activity occurs 
following stretch injury or transmitted thermal injury to 
the nerve, actions that precipitate prolonged depolariza- 
tion of the facial nerve beyond its threshold for generating 
an action potential. In this setting, the nerve will continue 
to fire until repolarization occurs or when nerve activa- 
tion can no longer be sustained. In 2000, a classification 
system based on analysis of EMG tracings with respect to 
waveform characteristics, frequencies, and amplitudes was 
developed (68). This classification divided train activity 
into three subgroups. One of these particular patterns, the 
A-train, described as a sinusoidal pattern of high frequency 
and homogenous appearance, demonstrated to be the sole 
pattern clearly associated with postoperative paresis with 
high sensitivity and specificity. Additional characteristics 
are sudden onset and sudden termination. Its duration 
varies between milliseconds and several seconds. The nor- 
mal amplitudes of A-trains are comparatively low, usually 
presenting between 100 and 200 uV (72). This study also 
concluded that bursts, spikes, and other train-type activities 
were of no significance in determining facial nerve function 
(68). Understanding and incorporating these waveform 
characteristics into monitoring technology has the poten- 
tial to improve surgical outcomes by amending direct elec- 
tric nerve stimulation with its real-time capabilities (68,72). 

Conversely, nonrepetitive EMG activity closely follows 
direct mechanical or electrical stimulation, allowing oto- 
logic and neurotologic surgeons to locate and identify 
the facial nerve and, ideally, lead to its preservation (31). 
Stimulation probes deliver a stimulus of preset intensity 
and pulse duration to the facial nerve and are designed to 
function in a constantly changing surgical environment. 
The effects of bleeding or accumulation of other fluids 
such as irrigation, perilymph, endolymph, and cerebrospi- 
nal fluid may be minimized by insulating the probe flush 
to the tip (73). The stimulus intensity level is chosen to 
elicit a neuromuscular response with the least amount of 
delivered current. When the nerve is directly stimulated 
by the probe via a depolarizing current, the resulting com- 
pound action potential of the facial muscle is recorded 
by EMG, confirming the location of the facial nerve (see 
Fig. 145.10). To achieve this aim, either monopolar or 
bipolar stimulating probes may be used. 

Bipolar probes offer the advantage of being more selec- 
tive limiting the passage of current to a smaller surface 
area, allowing for more precise localization. Unfortunately, 
bipolar stimulation depends on appropriate alignment of 
the bipolar tip in contact with the nerve. Such precise orien- 
tation is difficult, if not impossible, to achieve in the tight 
confines of the posterior fossa or on a small exposed area 
of the intratemporal segment of the facial nerve. Despite 
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Figure 145.10 Intraoperative recordings of evoked EMG of the 
facial nerve in response to stimulation of the seventh cranial nerve 
and tumor. 


the theoretical advantage, practical application of bipolar 
stimulators in otologic and neurotologic surgery has been 
limited (3,56). 

Because the selectivity offered by the bipolar stimula- 
tor is not critical in surgical fields containing one, or few, 
nerves of interest, monopolar stimulators are more widely 
used in facial nerve monitoring. When stimulus intensity 
approximates the nerve threshold level, a monopolar elec- 
trode can achieve spatial orientation of less than 1 mm. 
Several methods of monopolar stimulation have been 
developed. A thin, malleable probe that has been insulated 
to the tip resembling an unsharpened pencil was fashioned 
to deliver a stimulus with minimal risk of collateral spread 
(74,75). An alternate probe with a ball electrode capping 
an insulated, flexible platinum-iridium tip, was developed 
allowing for stimulation of the nerve in obscured areas 
where the flush tip may not be able to gain sufficient con- 
tact with the nerve (3). A set of dissecting instruments that 
allow for simultaneous operating in the surgical field and 
stimulation of the facial nerve has also been developed 
(76). By applying continuous electrical current to the drill 
burr and insulated microsurgical instruments, the arma- 
mentarium of intraoperative facial nerve monitoring has 
been further advanced (77). 

Stimulating probes may either have a constant current or 
constant voltage source. Bleeding, soft tissue, tumor, cho- 
lesteatoma, and spinal fluid may shunt current from the 
stimulus probe away from the nerve, creating variations in 
electrode impedance. To continue to depolarize the nerve, 
the constant current stimulator must be increased to higher 
levels in the face of increased resistance. Potential damage 
to the nerve may occur when the stimulus current remains 
elevated but the resistance in the operative environment is 
reduced by suctioning or controlling nearby bleeding. On 
the other hand, constant voltage systems deliver current 
based on the intrinsic resistance of the nerve according to 
the Ohm law, adjusting current accordingly and limiting 
the effect of shunting on these systems. Although the total 
current changes as the operative milieu changes, the cur- 
rent delivered to the nerve remains more stable in constant 
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voltage systems (3). Despite the theoretical differences in 
the two systems, no specific clinical advantage of either 
system has been found (74). 


DIRECT FACIAL NERVE MONITORING 


In addition to EMG monitoring during facial nerve stimu- 
lation, techniques for direct monitoring of neural trans- 
mission exist. Unlike EMG, direct monitoring systems 
follow CNAPs as they progress down the nerve itself in a 
orthodromic, or proximal-to-distal, direction. Antidromic, 
or distal-to-proximal, potentials may also be monitored, 
allowing real-time detection of facial nerve injury or con- 
duction blockade (78,79). Direct monitoring does, how- 
ever, require the attachment of electrodes to the nerve 
directly, a technically challenging and potentially deleteri- 
ous activity. Additionally, direct monitoring of CNAPs is 
limited by the smaller field potentials created by depolar- 
ization of nerve fibers, resulting in diminished sensitivity. 


ANESTHESIA AND FACIAL NERVE 
MONITORING 


In the course of general anesthesia, anesthesiologists com- 
monly use muscle relaxants that affect the postsynaptic 
nicotinic receptors. These agents act as antagonists (non- 
depolarizing) or agonists (depolarizing) at the muscle end 
plate receptor. Nondepolarizing agents may be short acting 
or long acting. Atracurium, vecuronium, and mivacurium 
typically induce paralysis for up to 30 minutes, whereas 
effects from pancuronium and tubocurarine may last up 
to 1 hour. Meanwhile, succinylcholine, the most common 
depolarizing agent is extremely short acting, exerting its 
effects for 5 to 10 minutes. Paralysis from the use of these 
agents interferes with the recording of EMC potentials. 
Therefore, nondepolarizing agents are typically contraindi- 
cated in cases in which intraoperative facial nerve moni- 
toring is planned. Succinylcholine is used for induction 
because of its short duration of effect with complete recov- 
ery from neuromuscular blockade within 15 minutes. 
Local anesthesia can also impair the use of facial nerve 
monitoring. Many otologic surgeons routinely use lido- 
caine with epinephrine at the beginning of the procedure, 
both at the site of the postauricular incision and in the ear 
canal when indicated. The advantages of this injection are 
improved hemostasis and analgesia, possibly limiting the 
amount of narcotic analgesia required for patient com- 
fort. To avoid potential paralysis of the facial nerve that 
could interfere with facial nerve monitoring, the surgeon’s 
index finger is placed on the mastoid tip during injection 
to avoid deep injection of lidocaine near the stylomastoid 
foramen. Care is also taken to not over aggressively inject 
the ear canal, especially in the posteroinferior aspect. Many 
surgeons have encountered the unnerving transient post- 
operative facial paralysis that resolves within several hours 
that is attributed to the activity of the local anesthetic (80). 


We have utilized this method of anesthesia with great 
success in operations in which IOFNM is used. Partial 
muscle paralysis is not used during monitored cases at our 
institution. Because a partially paralyzed muscle fatigues 
rapidly, multiple successive stimuli may lead to progres- 
sively smaller evoked EMG amplitudes, resulting in dimin- 
ished sensitivity of the continuous EMG monitor and 
potential problems using the stimulus probe. 


INDICATIONS FOR INTRAOPERATIVE 
FACIAL NERVE MONITORING 


A list of surgical procedures that should be considered for 
intraoperative facial nerve monitoring can be found in Table 
145.5. We have applied the routine use of the facial nerve 
monitor in all otologic and neurotologic cases, as the facial 
nerve is potentially at risk in all such situations. The use 
of IOFNM in vestibular schwannoma resection is routine 
at many institutions and should be employed when pos- 
sible (81). A significant and substantial reduction (14.5% 
to 3.6%) in the frequency of facial nerve paralysis follow- 
ing the implementation of monitoring in cerebellpontine 
angle surgery has been reported (82). While the benefits of 
IOFNM for vestibular schwannoma surgery and posterior 
fossa surgery have been established, the role of monitoring 
in routine otologic procedures is less well defined. The use 
of monitoring in such cases is not universal. A recent sur- 
vey of 223 American otolaryngologists showed that 66% 
use IOFNM at least some of the time for otologic proce- 
dures such as chronic ear surgery or stapedectomy (83). In 
this same survey, they found that 46% of surgeons never 
use facial nerve monitoring for such cases (83). Similarly, a 
study of surgeons in the United Kingdom similarly found 
that a substantial percentage of surgeons never use moni- 
toring for mastoidectomy (38%) or stapedectomy (85%) 
(84). Whether IOFNM should be employed in “routine” 


POTENTIAL INDICATIONS FOR 
INTRAOPERATIVE FACIAL NERVE 
MONITORING 


TABLE 


145.5 


Acoustic neuroma and tumors of the cerebellopontine angle 

Vestibular nerve section 

Repair of congenital aural atresia 

Skull base surgery 

Microvascular decompression of the fifth, seventh, and eighth 
cranial nerves 

Cochlear implantation 

Labyrinthectomy 

Endolymphatic sac surgery 

Facial nerve decompression 

Mastoidectomy 

Tympanoplasty 

Canalplasty 

Stapedectomy 

Parotidectomy 

Excision of glomus tumors 
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otologic cases has been questioned. The fear that surgeons 
may gain a false confidence in their skills and knowledge 
based on their use of intraoperative facial nerve monitors 
reflects a broader concern from many in the otolaryngol- 
ogy community that overreliance on this technology could, 
in fact, lead to iatrogenic facial nerve injuries, particularly 
in situations when the monitor fails to recognize the nerve. 
In addition, there has been some reluctance in the otolar- 
yngology community to declare IOFNM as the standard of 
care in otologic surgery. However, the use of the facial nerve 
monitor can never replace careful planning, experience, 
and a thorough knowledge of the anatomy of the temporal 
bone and posterior fossa. Several general principles regard- 
ing the facial nerve during otologic and neurotologic sur- 
gery should be employed: 


1. Obtain and maintain thorough knowledge of the ear, 
temporal bone, and posterior fossa. Temporal bone lab 
dissection is essential in gaining this knowledge and 
expertise. Understand the three-dimensional anatomy 
of the facial nerve in the temporal bone. Appropriate 
courses are available throughout the United States for 
practicing physicians if they have no routine access to a 
formal temporal bone lab. 

2. Treat the facial nerve as if it is dehiscent until proven 
otherwise, especially in the tympanic segment. 

3. Expect any type of anatomic variation of the facial 
nerve, especially in revision cases. 

4. Use meticulous technique at all times. 

5. Always be well prepared—identify preoperatively cases 
in which the facial nerve may be at greater risk (i.e, 
congenital atresia). 

6. Routinely examine the monitoring system to ensure 
that all parts are in working order, and understand the 
physiologic basis of your particular system. 


BENEFITS AND APPLICATIONS 


Numerous studies support the use of intraoperative facial 
nerve monitoring in performing vestibular schwannoma 
and skull base surgery, but the utility of this technology 
extends beyond the IAC and cerebellopontine angle. Facial 
nerve monitoring has been reported as beneficial in nearly 
all surgical procedures that place the facial nerve at risk. The 
benefits of such adaptations have been well documented. 


REMOVAL OF VESTIBULAR 
SCHWANNOMAS AND TUMORS OF 
THE CEREBELLOPONTINE ANGLE 
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the nerve. Since the advent of IOFNM, several reports have 
extolled the advantages of facial nerve monitoring in cere- 
bellopontine angle surgery, each citing improved facial nerve 
outcome, especially in removing large tumors (82,85-87). 

Additionally, IOFNM may be used to predict postopera- 
tive facial nerve function (71,88-93). After resection of the 
vestibular schwannoma, the facial nerve is stimulated with a 
facial nerve probe at the lowest stimulation threshold at the 
brainstem and medial to the tumor dissection. The stimula- 
tion threshold is determined by first applying 0.05 mA and 
increasing in 0.05-mA increments until response amplitude 
is obtained. The response amplitude as well as lowest stim- 
ulation threshold can then be used as a predictor of postop- 
erative facial nerve function with lower thresholds reflecting 
better facial nerve function. A ratio of response amplitude 
recorded from stimulating the nerve both proximal and 
distal to the tumor dissection of 0.1 or less has been shown 
to correlate with a poor facial functional outcome in 75% 
of patients at 6 months (93). Furthermore, a small tumor 
size along with a stimulus threshold less than 0.05 mA has 
been shown to correlate with a House-Brackmann grade 
of III or less in 88% of patients in the initial postoperative 
period (88). Another study showed that a stimulus thresh- 
old of 0.05 mA or less and a response amplitude of at least 
240 UV predict a House-Brackmann grade I or II facial nerve 
function with 98% probability (90). 

The A-train has been shown to be the only intraopera- 
tive EMG pattern associated with deterioration of facial 
nerve function (68). Subsequent studies have investigated 
the correlation of intraoperative EMG parameters and their 
ability to predict facial nerve outcomes. Reports demon- 
strate a strong correlation between the length of train time 
and postoperative facial nerve function (94). Patients with 
normal preoperative facial nerve function could tolerate 
up to 0.5 seconds of train time. However, at 10 seconds of 
train time, postoperative facial nerve function could poten- 
tially deteriorate by 1 House-Brackmann grade (94). 

Not only has IOFNM improved results and helped pre- 
dict postoperative facial nerve function but IOFNM has 
given surgeons insight into which patients may benefit 
from intraoperative prophylactic medication. Clinical tri- 
als medicating patients who develop reversible pathog- 
nomonic intraoperative A-train EMG activity with a 
combination of intravenous HES, a vasoactive agent, and 
nimodipine have shown improvement in long-term func- 
tional facial nerve results (6,95,96). 


POSTERIOR FOSSA, MIDDLE FOSSA, 
AND SKULL BASE PROCEDURES 


Intraoperative facial nerve monitoring allows identification 
of the nerve in the IAC or cerebellopontine angle before 
the nerve is clearly visualized through the use of stimulat- 
ing probes; similar techniques allow mapping the course of 
the facial nerve during dissection. Based on feedback pro- 
vided by the monitoring system, the surgeon may adjust the 
microsurgical technique to minimize injury or trauma to 


Vestibular nerve section; microvascular decompression 
of the fifth, seventh, and eighth cranial nerves; and other 
lateral skull base surgical procedures constitute additional 
areas in which IOFNM is beneficial. Extrapolating from the 
benefits of identification and limited damage offered by 
IOFNM, Moller and Jannetta described a method of micro- 
vascular decompression of the facial nerve for hemifacial 


2328 Section IX: Otology 


spasm that utilizes the monitoring system. The details of 
this procedure may be found elsewhere, but simply stated, 
the ongoing presence of abnormal responses to facial nerve 
stimulation indicates continued compromise of the nerve. 
Decompression, therefore, is continued until the abnormal 
responses abate, indicating removal of the offending vessel 
from the nerve (97,98). Facial nerve monitoring promotes 
improved identification of the offending vessel, decreas- 
ing the need for re-exploration. In addition, IOFNM has 
been shown to improve facial nerve function following the 
infratemporal fossa approach for extirpation of lesions of 
the lateral skull base (99,100). 


CHRONIC EAR SURGERY AND REVISION 
MASTOID SURGERY 


Previous operations and alterations in normal landmarks 
increase the level of difficulty in revision mastoidectomy. 
Cholesteatoma, otorrhea, granulation tissue, fibrosis, and 
other disease processes that necessitate the procedure also 
can obscure the facial nerve and its landmarks. The facial 
nerve can be dehiscent in up to 57% of patients without cho- 
lesteatoma or prior operations (101). Exposure of the nerve 
during prior operations or from erosion of the fallopian 
canal by cholesteatoma further heightens the likelihood 
of encountering an exposed facial nerve. Intraoperative 
facial nerve monitoring will alert the surgeon to the pres- 
ence of dehiscent nerve segments and aid in mapping the 
nerve to allow focused surgical dissection (102). Some stud- 
ies suggest that monitoring in this setting will often detect 
a dehiscence before it is visualized (103). The success of 
monitoring in this setting has been documented, and one 
group has reported 1,200 consecutive cases without facial 
nerve injury (102). Additionally, a recent cost-effectiveness 
study concluded that using facial nerve monitoring in both 
primary and revision surgery was the most cost-effective 
approach (104). Our current practice is to utilize IOFNM 
monitoring for all chronic ear cases, including tympano- 
plasty and mastoidectomy, both initial and revision. 


STAPEDECTOMY 


The most common site for a dehiscence in the fallopian 
canal occurs in the tympanic segment. The intimate rela- 
tionship between the oval window and this segment of the 
facial nerve demands that extreme caution be exercised in 
performing a stapedectomy. Although a dehiscent facial 
nerve is not a contraindication to performing the opera- 
tion, IOFNM may alert the surgeon to a dehiscent nerve 
during surgical dissection or laser stapedectomy. Injuries 
to the nerve during this procedure are rare, but have been 
reported (101). Any steps taken to minimize this occur- 
rence, including IOFNM, may be beneficial to the patient. 
Although each individual surgeon may choose whether or 
not to use of IOFNM for otologic surgery, our current prac- 
tice is to use facial nerve monitoring in all middle ear cases, 
routine or complicated, including stapedectomy. 


PEDIATRIC OTOLOGY 


Iatrogenic facial nerve injury is equally, if not more, 
devastating in the pediatric population. Although the 
physical consequences of such an injury are the same, 
the emotional damage may be magnified in children. 
The facial nerve occupies a similar position in children 
as in adults, but some subtle differences related to devel- 
opment exist. The development of the facial nerve is 
intimately related to the development of the temporal 
bone; therefore, the facial nerve will not typically reach 
its adult course until mastoid development is com- 
plete (age 2). Facial nerve development is complete by 
approximately age 4 (105). Any abnormality of the inner, 
middle, or external ear, or of the mastoid, may imply an 
abnormal course for the facial nerve (106). Given the 
potential for an aberrant nerve course, combined with 
the long-term consequences of an iatrogenic injury, 
intraoperative facial nerve monitoring may be beneficial 
in any pediatric otologic procedure, except in tympanos- 
tomy and tube placement. 


CONGENITAL AURAL ATRESIA 


Iatrogenic facial nerve injury comprises the greatest 
concern held by parents, patients, and surgeons during 
repair for congenital aural atresia. This risk, particularly 
in unilateral cases, dissuades many otologic surgeons 
from attempting these complicated operations. In these 
patients, the facial nerve is typically located more ante- 
rior and superior than in normal subjects. A wide range 
of other anomalies have also been reported (107). The 
incidence of iatrogenic facial paralysis in congenital aural 
atresia surgery ranges from 0% to 8% (108). Published 
reports primarily reflect the experience of the authors in 
their own series, most with extensive experience in this 
type of surgery. One surgeon describes five instances 
where the facial nerve is vulnerable to injury during atre- 
sia surgery (Table 145.6). From his experience, the nerve 
is most likely to be injured during canalplasty when drill- 
ing through the inferoposterior aspect of the dense atretic 
bone (108). IOFNM is routinely employed during these 
operations (109). 


WS) LIKELY TIMES FOR IATROGENIC 


INJURY DURING REPAIR OF ATRESIA 


145.6 


Skin incision 

Dissection in the glenoid fossa 

Canalplasty with drilling of atretic bone, especially 
posteroinferiorly 
© Transposition of the nerve to improve access to the stapes 

footplate and oval window 

Preauricular soft tissue dissection for auricular repositioning during 

mastoidectomy 
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MONITORING OTHER CRANIAL NERVES 


Although much of this chapter has focused on intraopera- 
tive monitoring of CN VII and VIII, skull base surgery can 
also endanger other cranial nerves, namely, CNs LL, IV, V, 
VL IX, X, XI, and XII. While the literature is scant, there are 
studies that have extended the positive experiences with 
IOFNM to these cranial nerves. 

Cranial nerves III, IV, and VI are especially at risk dur- 
ing resection of tumors involving the anterior cranial fossa, 
the cavernous sinus, the adjacent petroclival region, and 
the orbit (110). Electrodes were placed into the individual 
extraocular muscles and spontaneous muscle activity and 
CMAPs were recorded, demonstrating that intraopera- 
tive EMG recordings following bipolar electrical stimula- 
tion could identify CN Il in 5 out of 7 cases and CN VI in 
12 out of 18 cases. However, reproducible recordings from 
CN IV were unable to be obtained nor were they able to 
predict postoperative outcomes for CN III or VI (110). 

Cranial nerves IX to XII are at risk during operations 
on large tumors in the cerebellopontine angle, the petro- 
clival region, the rhomboid fossa, the brainstem, the jugu- 
lar foramen, and the foramen magnum. Damage to these 
cranial nerves can lead to dysarthria, dysphonia, dysgeusia, 
and dysphagia, with a potential permanent risk of aspi- 
ration (111). Similar to the study of CNs LL IV, and VIL, 
intraoperative EMG was used to monitor these lower cra- 
nial nerves (LCN). For EMG monitoring of CN IX, a pair 
of electrodes was placed (at a distance of 2 to 3 mm) into 
the lateral aspect of the soft palate ipsilateral to the tumor. 
A pair of electrodes were placed into the ipsilateral voca- 
lis muscle, trapezius, and tongue in order to monitor CNs 
X, XI, and XII, respectively. To allow intraoral placement 
of the electrodes, the patients were intubated transnasally. 
Intraoperative EMG monitoring proved to bea safe tool for 
the identification and localization of the LCNs and con- 
tributed to their anatomical and functional preservation. 
However, the predictive value of standard neurophysio- 
logic parameters for functional outcome was limited (111). 
A study in which 123 skull base cases in which LCNs were 
monitored concluded that immediate feedback obtained 
with intraoperative monitoring helps reduce LCN morbid- 
ity and assists in gross tumor removal (112). 

EMG via contact electrodes integrated into the endotra- 
cheal tube (ETT) has been used to monitor the recurrent 
laryngeal nerve (CN X) and has been extensively used and 
validated during thyroid and parathyroid surgery (113). 
Its ease of use makes it an attractive option for intraop- 
erative CN X monitoring during skull base surgery. The 
main disadvantage of a monitoring EIT is related to the 
fact that the quality of recording depends on maintaining 
contact with the vocal cords, and if contact is lost second- 
ary to EIT movement during surgery, the recording may 
not be interpretable (114). When compared to electrodes 
placed directly into the vocalis muscle, the monitoring ETT 
exhibited a lower rate of false-positive response but a lower 
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sensitivity (115). Despite these disadvantages, intraopera- 
tive neural monitoring of CN X with a monitoring ETT has 
gained much support due to its familiarity by anesthesiolo- 
gists and otolaryngologists during thyroid and parathyroid 
surgery and its ease of use. 


CONCLUSIONS 


Intraoperative neurophysiologic monitoring has undergone 
significant improvements since its nascence in the 20th cen- 
tury, with its applications continuing to grow. Preservation 
of hearing and facial nerve function is paramount in many 
otologic and neurotologic procedures. Although the preser- 
vation of hearing has yet to reach the same level of success 
achieved in preservation of the facial nerve function, the 
technology and our understanding of the neurophysiologic 
basis of hearing is advancing, and further improvement 
seems likely. Intraoperative monitoring of the facial and 
auditory nerves is now in increasing use around the world. 
Efficacy has been established in improving functional out- 
comes in cerebellopontine angle tumors and many experts 
favor its routine use in a wide array of both otologic and 
neurotologic surgeries, especially when the risk of nerve 
injury is considered to be high. As we expand neurophysi- 
ologic monitoring to other cranial nerves, its role in the 
preservation of these nerves may prove useful in quality of 
life outcomes and likely will play a larger role in neuroto- 
logic surgery in the future. Regardless, intraoperative neu- 
rophysiologic monitoring should serve only as an adjunct 
to, not a replacement for, extensive preoperative planning, 
a thorough knowledge of temporal bone anatomy and its 
common variants, and meticulous technique. 


m= Auditory compromise during surgery can occur via 
direct injury to the cochlea, internal auditory artery, or 
the labyrinthine artery, or as a result of cochlear nerve 
stretching, compression, transection, or thermal injury. 

m ECochG, ABR testing, and DENM, often referred to 
as CNAP, are all techniques used in intraoperative 
auditory system monitoring. 

m ECochG best measures the integrity of cochlear 
blood supply. 

= DENM, or CNAP, monitoring can be used in patients 
who have an absent preoperative ABR. 

m ABR is a far-field technique, whereas ECochG and 
DENM are near-field techniques. 

= Facial nerve injury may occur as a result of transec- 
tion; direct trauma from drilling, using the ultra- 
sonic aspirator, or dissection; stretch; compression; 
thermal injury from drilling, cautery, or the laser; 
vascular compromise; or edema of the nerve from 
regional dissection. 
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The facial nerve may be monitored by mechanical 
pressure sensing devices, EMG, or direct monitoring 
of action potentials. 

The A-train as the only intraoperative EMG pattern cor- 
responding to deterioration of facial nerve function. 
Monitoring systems may be augmented by the addi- 
tion of stimulating probes and dissecting instru- 
ments that help identify and map the facial nerve. 
IOFNM should assist the surgeon in identifying the 
facial nerve, rapidly notify the surgeon when trauma 
occurs, warn the surgeon as to an aberrant nerve 
course, evaluate neural integrity at the conclusion of 
the procedure, and help predict postoperative facial 
nerve function. 

The use of nondepolarizing muscle relaxants dur- 
ing anesthesia should be avoided in cases where 
IOFNM is being utilized. Succinylcholine can be 
used for induction because of its short duration of 
effect with complete recovery from neuromuscular 
blockade within 15 minutes. 

IOFNM has proven useful in improving facial nerve 
outcomes during removal of acoustic neuromas and 
tumors of the crebellopontine angle, particularly in 
large tumors. 

Additional applications of IOFNM include vestibu- 
lar nerve section, skull base surgery, microvascular 
decompression, cochlear implantation, repair of 
congenital aural atresia, stapedectomy, and chronic 
ear surgery. 

Monitoring cranial nerves other than CNs VII and 
VIII is effective in reducing LCN morbidity and 
assists in gross tumor removal. 

CN X can be monitored intraoperatively via the 
recurrent laryngeal nerve with a monitoring EIT. 
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Diseases of the 
External Ear 


Christopher J. Linstrom 


Otolaryngologists see many patients with infections of 
the external ear. The infections may be classified by loca- 
tion, cause, and time course as acute, subacute, and chronic. 
Before discussing the individual disease processes, we review 
the normal anatomy and physiology of the external ear. 


The external ear is composed of the auricle and exter- 
nal auditory canal (EAC). Both contain elastic cartilage 
derived from mesoderm and a small amount of subcu- 
taneous tissue, covered by skin with its adnexal append- 
ages (1,2). There is fat but no cartilage in the lobule. The 
auricle is derived from six hillocks, three each from bran- 
chial arches I and II (Fig. 146.1). During normal gestation, 
the cartilaginous hillocks merge to form the auricle, and 
with selective growth of the mandible, the auricle rises 
from its original position near the lateral commissure of 
the mouth to the temporal area. The tragus and antitragus 
form a partial barrier to the entrance of macroscopic for- 
eign bodies. 

The EAC is derived from the first ectodermal branchial 
groove between the mandibular (I) and hyoid (II) arches 
(2,3). The epithelium lining this groove contacts the endo- 
derm of the first pharyngeal pouch, thus forming the tym- 
panic membrane (TM), the most medial extent of EAC. 
Connective tissue of mesodermal origin is found between 
ectoderm and endoderm and becomes the fibrous layer of 
the TM (2). Because of its origin, the EAC, including the 
lateral surface of the TM, is derived from ectoderm and is 
lined by squamous epithelium. 

The process of canalization is complete by about week 
12 of gestation, at which time the canal fills with epithelial 
tissue. The canal ordinarily recanalizes by about week 28 of 
fetal life (3). 


Frank E. Lucente 


The EAC may be thought of in two sections. The outer 
40% of the canal in its anterior and inferior aspect is carti- 
laginous and contains a thin layer of subcutaneous tissue 
between the skin and cartilage. The inner 60% is osse- 
ous, is formed primarily by the tympanic ring, and con- 
tains very scant soft tissue between the skin, periosteum, 
and bone. The average length of the adult EAC is 2.5 cm. 
Because of the oblique position of the TM, the postero- 
superior part of the canal is about 6 mm shorter than the 
anteroinferior portion (1). The junction of the cartilagi- 
nous and bony portions of the canal is a narrowed section 
termed the isthmus. 

Laterally to medially, the canal curves slightly superi- 
orly and posteriorly in a gentle S shape. The canal can be 
thought of as pointing toward the nose; thus, pull the auri- 
cle gently upward, outward, and backward to straighten the 
canal for examination. Three macroscopic defense mecha- 
nisms protect the EAC and lateral surface of the TM: the 
tragus and antitragus, the skin with its cerumen coat, and 
the isthmus of the canal. 

The skin of the cartilaginous canal contains many hair 
cells and sebaceous and apocrine glands such as cerumen 
glands (Fig. 146.2). Together, these three adnexal structures 
provide a protective function and are termed the apopilose- 
baceous unit. Glandular secretions combine with sloughed 
squamous epithelium to form an acidic coat of cerumen, 
one of the primary barriers to infection of the canal. An 
invagination of the epidermis forms the outer wall of the 
hair follicle, and the hair shaft forms the inner wall. The 
follicular canal is the space between these two structures. 
The alveoli of the sebaceous and apocrine glands empty 
into short straight excretory ducts, which drain into fol- 
licular canals. Obstruction of any part of the ductal system 
predisposes to infection. 

The canal is normally a self-protecting and self-cleans- 
ing structure. The cerumen coat gradually works its way 
past the isthmus to the lateral part of the canal and 
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Figure 146.1 The auricle is formed from six auricular hillocks, three each from branchial arches 
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sloughs externally. Instrumentation and excessive cleans- 
ing of the canal disturb this primary protective barrier 
and may lead to infection. Individual variations in the 
anatomy of the canal may predispose some people to wax 
accumulation. 

The canal interfaces on all but its lateral surface. 
Medially, it is bound by the TM, which when intact is a 
good barrier to the spread of infection. In the presence ofa 
TM perforation, infection may spread back and forth from 
the middle ear cleft to the EAC. The horseshoe-shaped 


tympanic ring separates the canal from the middle cranial 
fossa. Rarely is this the direct mechanism of intracranial 
extension of infection. The posterior bony canal serves as 
the anterior boundary of the mastoid cavity. Several vessels 
penetrate the canal, especially along the tympanomastoid 
suture. These may be involved in the hematogenous exten- 
sion of infection from the canal to the mastoid segment. 
Posterior to the cartilaginous canal lies dense connective 
tissue overlying the mastoid, which may become second- 
arily infected. 
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Figure 146.2 Microscopic view of the normal apopilosebaceous unit demonstrating drainage of 
the secretions of the sebaceous and modified apocrine glands into the follicular canal of the hair. 


Superiorly, the canal is bound by the middle cranial 
fossa and inferiorly by the infratemporal fossa and base 
of the skull. Infections extending through the roof of 
the canal may extend into these structures. Anteriorly, the 
canal is bordered by the temporomandibular joint and the 
parotid gland. 

The lymphatic drainage of the canal is an important 
channel for the spread of infection. Anteriorly and supe- 
riorly, the canal drains to the preauricular lymphatics in 
the parotid gland and the superior deep cervical nodes. The 
inferior portion of the canal drains into the infra-auricular 
nodes near the angle of the mandible. Posteriorly, the lym- 
phatics drain into the postauricular nodes and the supe- 
rior deep cervical nodes. The auricle and EAC receive their 
arterial supply from the superficial temporal and posterior 
auricular branches of the external carotid artery (1). Venous 
drainage from the auricle and meatus is via the superficial 
temporal and posterior auricular veins. The former joins 
the retromandibular vein, which usually divides and joins 
both jugular veins; the latter joins the external jugular but 
may also drain to the sigmoid sinus through the mastoid 
emissary vein (1). 

Sensation to the auricle and EAC is supplied from cuta- 
neous and cranial nerves, with contributions from the auric- 
ulotemporal branches of the trigeminal (V), facial (VI), 
glossopharyngeal (IX), and vagus (X) nerves and the greater 
auricular nerve from the cervical plexus (C2 to C3). The 
vestigial extrinsic muscles of the ear, anterior, superior, and 
posterior auricular, are supplied by the facial nerve (VII) (1). 


OTITIS EXTERNA 


Otitis externa is a spectrum of infection of the EAC. The 
appearance of the canal varies according to the time course 
of infection: acute, subacute, or chronic. 

Acute otitis externa (AOE) is a bacterial infection of 
the canal caused by a break in the normal skin/cerumen 
protective barrier in the milieu of elevated humidity and 
temperature. Although commonly called “swimmer’s 
ear,” AOE may be caused by anything that results in 
the removal of the protective lipid film from the canal, 
allowing bacteria to enter the apopilosebaceous unit. 
It usually begins with itching in the canal and is com- 
monly caused by instrumenting the canal with a cotton 
swab or fingernail. This temporarily relieves itching but 
allows proliferation of bacteria in locally macerated skin 
and sets up an itch-scratch cycle. The warm, dark, moist 
setting of the canal is now a perfect medium for rapid 
bacterial growth. Later, pain ensues as the swollen soft 
tissues of the canal distract the periosteal lining of the 
bony canal. As the disease progresses, purulent discharge 
begins, and the auricle and periauricular soft tissues may 
become involved. 

In patients in whom the disease does not resolve after 
treatment, a subacute or chronic form may occur. This 
condition may be likened to eczema and is a spectrum of 
disease ranging from mild drying and scaling of the canal 
skin to complete obliteration of the canal by chronically 
infected hypertrophic skin. 
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HISTORY 


The history and functional inquiry should include infor- 
mation regarding the length of time, the number of occur- 
rences, the nature and severity of pain, antecedent otologic 
disease, previous auricular instrumentation or trauma 
(especially the use of cotton-tipped applicators), and any 
predisposing factors such as diabetes or radiotherapy or 
any condition causing immunosuppression. Any previous 
otologic or head and neck surgery is noted. 

Pain, fullness, itching, and hearing loss are the four 
major symptoms of external otitis, although not every 
patient has each symptom (4). Throughout the examina- 
tion, the examiner should remember the innervation of 
the EAC and recall that pain from other areas of the upper 
aerodigestive tract may be referred to the ear. 


PHYSICAL EXAMINATION 


On initial inspection, look at the ear itself and then at its 
relation to the head. Is it red, swollen, or protruding? Is 
there obvious discharge? Are the auricle and periauricu- 
lar tissues normal in appearance or lichenified, with a 
heaping up of the normal epidermal architecture? Is there 
erythema or cellulitis spreading to the periauricular tis- 
sues, face, and neck? A gentle tug upward and backward 
will usually confirm the clinical suspicion. Although not 
an infallible rule, the patient with AOE usually will not 
tolerate this maneuver; patients with acute otitis media 
often will. 

To make the correct diagnosis of infections of the exter- 
nal canal and to follow the clinical response to treatment, 
clean the canal thoroughly and examine it under good 
illumination. A handheld otoscope will often suffice for 
a quick examination, but all instrumentation of the ear 
is best done under the microscope with the patient lying 
supine in the chair in anticipation of a possible vasovagal 
response mediated by Arnold nerve, a branch of cranial 
nerve X. 

Although topical and local anesthesia may be tried 
before cleansing, they are usually of little effect in hyper- 
emic macerated tissue and no substitute for reassurance 
and patience. Using graduated specula will often ease the 
patient into a complete examination. The canal may be 
cleaned with suction, a cerumen loop, or alligator forceps. 
Gentleness and thoroughness in cleaning the ear are very 
important. 


BACTERIOLOGY 


The usual pathogens responsible for AOE are Pseudomonas 
aeruginosa, Proteus mirabilis, staphylococci, streptococci, 
and various gram-negative bacilli. For the mild or uncom- 
plicated infection, culture of the canal is ordinarily not 
taken, because it will usually demonstrate a mixed pattern 
of growth. For recalcitrant infections, culture may identify 


a predominant organism and assist in the choice of antibi- 
otic therapy. 


STAGING 


The clinical course of external otitis may be divided into 
the following stages: preinflammatory; acute inflam- 
matory, which can be mild, moderate, or severe; and 
chronic inflammatory. Typically, the preinflammatory 
stage begins when the stratum corneum becomes edem- 
atous due to the removal of the protective lipid layer 
and acid mantle from the canal, resulting in plugging of 
the apopilosebaceous unit. As obstruction continues, a 
sense of fullness and itching begins. The disruption of 
the epithelial layer allows invasion of bacteria that either 
reside in the canal or are introduced on foreign objects 
inserted into the canal, such as a cotton swab or a dirty 
fingernail. This produces the acute inflammatory stage, 
which is accompanied by pain and tenderness of the 
auricle. In the earliest stage, the skin of the EAC shows 
mild erythema and minimal edema (Fig. 146.3). A small 
amount of clear or slightly cloudy secretion may be seen 
in the canal. As pain and itching increase, the patient 
progresses to the moderate stage, in which the canal 
shows more edema and a thicker more profuse exudate 
(Fig. 146.4). Further progression of the inflammation 
in the absence of treatment produces the severe inflam- 
matory stage, characterized by increased pain and oblit- 
eration of the lumen of the canal. A profuse, purulent 
exudate and edema of the canal skin may obscure the 
TM. In addition, small white papules are often visible 
on the surface of the canal skin. P. aeruginosa or another 
gram-negative bacillus can almost always be cultured at 
this stage. In the severe stage, the physician often sees 
evidence of extension of infection beyond the canal 
to involve the adjacent soft tissues and cervical lymph 
nodes (Fig. 146.5). 

In the chronic inflammatory stage, the patient experi- 
ences less pain but more profound itching. The skin of the 
external canal is thickened, and superficial flaking may be 
seen (Fig. 146.6). The auricle and concha often show sec- 
ondary changes such as eczematization, lichenification, 
and superficial ulceration. This condition is likened to 
eczema and may range from mild drying and thickening of 
the canal to complete obliteration of the external canal by 
chronically infected, hypertrophic skin (Table 146.1). 


DIFFERENTIAL DIAGNOSIS 


The differential diagnosis of conditions that are similar 
to external otitis is large and includes necrotizing otitis 
externa, bullous external otitis, granular external otitis, 
perichondritis, chondritis, relapsing polychondritis, furun- 
culosis, and carbunculosis, as well as many dermatoses, 
such as psoriasis and seborrheic dermatitis. All have fea- 
tures in common with acute and chronic external otitis, 


He acute mild dituse 
va external otitis 
| } 


yet have enough dissimilarities to be considered distinct 
clinical entities. 

Carcinoma involving the EAC may present as infection 
and in its earliest stages is often mistaken for infection 
and treated inappropriately. The most common malignant 
neoplasm of the external ear is squamous cell carcinoma, 
although other primary carcinomas, such as basal cell car- 
cinoma, malignant melanoma, ceruminous adenoma or 
adenocarcinoma, and adenoid cystic and metastatic car- 
cinomas to the temporal bone with extension to the EAC 
such as breast, prostatic, small (oat) cell, and renal cell 
carcinomas, have been described. The occurrence of pain 
in an old previously stable mastoid cavity is the hallmark 
of carcinoma and must be excluded by biopsy and other 
investigations. 


NATURAL HISTORY 


The natural history of untreated AOE is one of increasing 
pain, swelling, and discharge from the canal. The infection 
may spread to the adjacent periauricular soft tissues, face, 


Moderately severe 
diffuse external otitis 
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Figure 146.3 Otitis externa, acute inflammatory 
stage. Mild erythema and edema of the canal skin are 
seen. Clear secretions may be seen in the canal. (From 
Senturia BA, Marcus MD, Lucente FE. Diseases of the 
external ear, 2nd ed. New York: Grune & Stratton, 
1980, with permission.) 


and neck. In an immunocompromised patient, what began 
as an isolated superficial infection of the apopilosebaceous 
unit of the EAC may progress to perichondritis, chondri- 
tis, cellulitis, and erysipelas. Rich lymphatic and hematog- 
enous drainage pathways favor the spread of infection to 
local and regional sites in the head and neck. Few patients 
progress to such an advanced stage before seeking medical 
attention. 

The natural history of chronic otitis externa is far less 
dramatic than its acute counterpart. The chronic scaling 
and itching in the canal predispose to manipulation of 
the canal, excoriation, and repeated episodes of AOE. 
With time, the canal skin may become lichenified, and 
ultimately the canal may become completely obliterated. 


MEDICAL TREATMENT 


The four fundamental principles in the treatment of exter- 
nal otitis in all stages are frequent and thorough clean- 
ing, judicious use of appropriate antibiotics, treatment of 
associated inflammation and pain, and recommendations 


Figure 146.4 Otitis externa, moderate acute inflam- 
matory stage. The EAC is more edematous than in 
the acute stage, approaching obliteration of the lu- 
men, with a more profuse exudate. (From Senturia BA, 
Marcus MD, Lucente FE. Diseases of the external ear, 
2nd ed. New York: Grune & Stratton, 1980, with per- 
mission.) 
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Figure 146.5 Otitis externa, severe stage. Infection extends 
beyond the limits of the canal to involve adjacent soft tissues and 
cervical lymph nodes. Erythema of the conchal skin and scaliness 
are secondary to profuse drainage. 


Figure 146.6 Otitis externa, chronic inflammatory stage. The 
skin of the external canal is thickened, and superficial flaking may 
be seen. The surrounding skin of the auricle may show second- 
ary changes such as eczematization, lichenification, and superficial 
ulceration. 


TABLE 


146.1 


History 
Pain 
Fullness 
Itching 
Discharge 


Physical examination 
Preinflammatory 
Mild erythema, edema 
Acute inflammatory 
Auricular tenderness 
Erythema 
Edema 
Discharge 
Chronic inflammatory 
Thickening, flaking of canal skin 
Eczematization 


Ulceration 


Laboratory 
Culture 
P. aeruginosa 
P. mirabilis 
Staphylococcus sp. 
Streptococcus sp. 


Radiology 
Rarely indicated 


regarding the prevention of future infections. In any stage 
of infection, thorough cleaning is a priority. Meticulous 
debridement of exfoliated debris, purulence, and ceru- 
men will do as much if not more than simply placing the 
patient on ear drops. In the preinflammatory stage, a com- 
plete cleaning may be all that is required. In the absence of 
purulence, a brief course of an acidifying drop such as alu- 
minum sulfate-calcium sulfate (Domeboro) is efficacious 
in discouraging bacterial or fungal growth. 

Treatment of the acute inflammatory stage varies with the 
extent of disease. In the mildest form, cleaning as above is 
indicated. An antibiotic otic drop is recommended to cover 
what is probably a Pseudomonas infection. At this stage, edema 
of the EAC should not be severe, and the patient should be 
able to instill drops into the ear by tilting the head to the 
side or by lying down with the involved ear upright. 


MODERATE STAGE 


In the moderate stage of inflammation, edema of the canal 
may interfere with the instillation of drops. The physician 
should then insert a wick into the canal and instill drops 
on it. Often the canal may accommodate two or even three 
wicks. As the wick expands, it presses the soft tissues and 
periosteum toward the nondistracted position; this alone 
may relieve pain. All instrumentation of the ear is best 
done under the microscope. The wick is removed by the 


physician at the time of reexamination. If the edema has 
not been significantly reduced, repacking is indicated. 
Antibiotic drops should be continued for at least 2 to 3 
days after the cessation of pain, itching, and drainage so 
that complete eradication of infection may be ensured. 

In the moderate stage, an oral analgesic is often pre- 
scribed because pain can be pronounced. Caution the 
patient to avoid manipulation of the canal. Swimmers 
should be taught to towel dry the concha and lateral 
canal, to shake water out of the canal, or to instill an 
acidifying drop after swimming. If the infection has not 
spread beyond the boundaries of the external canal, the 
use of oral antibiotics will be of little if any value. A final 
office visit is important to ensure that the infection has 
completely resolved and the canal is back to its normal 
state. 


SEVERE STAGE 


In the severe stage, infection usually extends beyond the 
limits of the canal. In addition to the cleaning, packing, 
and use of antibiotic drops as discussed previously, attend 
to any soft tissue involvement by using an oral antibiotic 
with broad-spectrum coverage. Successive generations of 
the cephalosporins widen gram-negative coverage at the 
expense of gram-positive coverage. 

In addition to anti-Pseudomonas ear drops, common 
choices of oral antibiotics are one of the antipseudomonal 
fluoroquinolones such as ciprofloxacin or levofloxacin, 
antistaphylococcal penicillins, or cephalosporins. The fluo- 
roquinolone antibiotics are effective against Pseudomonas 
species. In children under 12 years old, one should check 
with the pediatrician prior to starting oral fluoroquino- 
lones. 

Warm soaks (normal saline or a mild aluminum sul- 
fate-calcium acetate solution) are also useful in the treat- 
ment of the crusting and edema involving the auricle and 
surrounding skin. Culture of the canal for aerobic bacteria 
and/or fungi is indicated only for the severe stage or for 
patients who have previously been treated without resolu- 
tion. Treatment is generally continued for 10 to 14 days 
if there is a good response. In rare patients who do not 
respond to this regimen, hospitalization, vigorous daily 
local care, repeat culturing, and intravenous antibiotics are 
indicated. 


CHRONIC STAGE 


The chronic stage of external otitis is manifested by marked 
thickening of the skin of the EAC due to long-standing 
infection. Examination reveals flakes of dry scaly skin in 
the canal. Although removal of debris is recommended, 
this may be difficult due to the narrowing of the lumen 
of the canal. Repeated cleaning and instillation of antibi- 
otics and steroids are indicated. Triamcinolone acetonide 
0.25% cream or ointment (Kenalog), fluocinolone 0.01% 
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oil (DermOtic), or dexamethasone sodium phosphate 
0.1% ophthalmic drops (Decadron, Pred Forte 1%) may 
be used. 

In all cases of acute or chronic external otitis, instruct 
the patient to avoid future infections by not instrument- 
ing the ear. Foreign objects such as Q-tips often excoriate 
the canal skin and push debris further into the canal rather 
than remove it. Patients who have repeated infections 
despite adhering to these measures are best advised to use 
an acidifying drop composed of equal measures of vinegar 
and water, or ethyl alcohol and water, when exposed to 
high humidity. One should suspect otomycosis if all other 
reasonable measures have failed and should treat with dry- 
ing agents, especially powders. Custom-made ear molds 
are useful for these patients. 


RECALCITRANT OTITIS EXTERNA 


The physician will be able to judge very quickly which 
patients are responding. Prolonged antibiotic drops 
may suppress the normal flora of the external canal 
from returning and lead to a fungal superinfection. This 
should be suspected, especially if a grayish matted dis- 
charge is found in the ear, even if telltale hyphae are 
absent. A culture may have already been taken, and the 
result should help to direct treatment. Again, the ear 
must be thoroughly and meticulously cleaned, and if a 
fungus has been cultured such as Candida, this should 
be treated appropriately with drying agents such as pow- 
ders and an antifungal drop or even systemically with 
an oral antifungal medication such as fluconazole. If no 
progress is made in the office, the rare patient may have 
to be admitted as an inpatient. Examine the ear under 
a microscope and carefully clean it frequently. Look 
for subtle signs of chronic middle ear disease—granu- 
lation tissue or the opening of a tiny perforation. The 
latter may be obscured by a swollen TM, giving a “fish- 
mouth” appearance to the perforation. A “sewer cap” of 
crust on the drum may reveal a cholesteatoma under- 
neath. Examine every part of the auricle carefully. Look 
for signs of underlying chondritis or perichondritis, 
especially diffuse crusting or exudative weeping. Culture 
the ear (for aerobes, anaerobes, and fungi). Examine the 
periauricular tissues carefully to look for signs of spread- 
ing infection. Computed tomography of the temporal 
bones may give additional information. Look for opaci- 
fication of the mastoid and signs of bony erosion. 

Place the patient on daily aural drops, preferably one 
covering P. aeruginosa, and intravenous antibiotics with 
gram-positive and gram-negative coverage. One may wish 
to try intravenous ciprofloxacin to start. In very rare cases, 
a cephalosporin together with an aminoglycoside is a 
logical combination if monotherapy does not improve the 
ear. Therapy should be tapered according to culture and 
sensitivities. Severely swollen ears may calm down with 
steroids. 
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TABLE 


146.2 


Cellulitis 

Erysipelas 

Perichondritis 

Chondritis 

Chronic nonresolving rate 


Many recalcitrant infections occur because of noncom- 
pliance or chronic instrumentation of the canal skin. The 
patient should be counseled to amend bad habits. The rare 
patient will need to be admitted for intravenous antibiotics 
and daily aural toilet (Tables 146.2 and 146.3). 


SURGICAL MANAGEMENT OF 
HYPERTROPHIC CHRONIC OTITIS 
EXTERNA 


When such local measures are insufficient to eradicate 
infection and reestablish the lumen of the canal, it is nec- 
essary to remove the involved canal skin and any adjacent 
involved cutaneous or cartilaginous tissue. This is very 
rarely required and may be performed through the canal 
but is better done through a postauricular incision, which 
allows visualization of the involved tissues. A generous 
amount of conchal cartilage is removed to effect a wide 
meatoplasty. The bony canal is enlarged with a drill. Take 
care to protect the facial nerve in its vertical segment; the 
use of an intraoperative facial nerve monitor facilitates 
this. The canal is resurfaced with a split-thickness (8:1,000 
inch) skin graft that is temporarily held in place with stents 
or packing. 

It is the experience of many otolaryngologists that even 
the most recalcitrant infection can be managed if the four 
basic principles—thorough cleaning, antibiotic treatment, 
pain control, and instruction of the patient—are meticu- 
lously followed. There is no substitute for thorough and 
repeated local care (Table 146.4). 


Unresolving pain, despite local care 
Admit to hospital 
Analgesia 
Control inflammation 


Cranial neuropathy with external otitis 
Consider necrotizing external otitis 


TABLE 


146.4 


Medical 
Frequent thorough cleaning 
Antibiotic coverage 
Drops 
Oral 
Intravenous as needed 
Treat inflammation, pain 
Recommendations for prevention 
Surgical 
Excise involved canal skin 
Perform wide meatoplasty 
Resurface canal with split-thickness skin graft 


SKULL BASE OSTEOMYELITIS, 
FORMERLY NECROTIZING (MALIGNANT) 
OTITIS EXTERNA 


This potentially life-threatening disease should be viewed 
within the larger context of osteomyelitis of the temporal 
bone and skull base. Thanks in large part to newer anti- 
Pseudomonas antibiotics, chief among them the fluoroqui- 
nolones, skull base osteomyelitis (SBO) is not as prevalent 
as it was even a decade ago. By no means is it a disease of 
the past, especially among diabetics, the immunocompro- 
mised, and the elderly. The otolaryngologist must still keep 
SBO within the differential diagnosis of a refractory exter- 
nal ear infection in the patient at risk. 

Toulmouche (5) described a case of progressive osteo- 
myelitis of the temporal bone in 1838 that was probably 
the first reported case of necrotizing external otitis (NEO). 
In 1959, Meltzer and Kellemen (6) described a case of pro- 
gressive Pseudomonas osteomyelitis of the temporal bone 
and skull base. Chandler (7-11) is credited with the clini- 
cal description of what he termed malignant otitis externa 
in 1968 and thereafter. Although many early cases ended 
in the death of the patient, the entity does not ordinarily 
involve carcinoma, and thus, the more appropriate term 
used today is SBO, which is a proper description of the 
pathophysiology and clinical entity. 


DIAGNOSIS 


The diagnosis of SBO is made in a patient with the appro- 
priate history, physical examination, and supporting 
laboratory findings. Four salient features are found (12): 
persistent, deep-seated severe otalgia for longer than 
1 month; persistent purulent otorrhea with granulation 
tissue for several weeks; diabetes mellitus, another immu- 
nocompromised state, or advanced age; and cranial nerve 
involvement. 

Other diseases to be included in the differential diag- 
nosis include severe AOE, squamous cell carcinoma, 


TABLE RY DIAGNosis NECROTIZING 


EXTERNAL OTITIS 


146.5 


History 
Persistent otalgia 
Persistent purulent otorrhea, granulations 
Diabetes mellitus, advanced age, immunocompromised state 
Cranial neuropathy(ies) 
Physical examination 
Granulations in external canal 
Purulent discharge seen 
+ cranial neuropathy, especially cranial nerve VII 
Culture 
Pseudomonas sp.* 
Pseudomonas aeruginosa? 
Radiology 
Nuclear (gallium, technetium) 
CT with contrast 
MRI with contrast 


CT, computed tomography; MRI, magnetic resonance imaging. 
Almost always. 


glomus jugulare tumor, cholesteatoma, nasopharyngeal 
carcinoma, Hand-Schiiller-Christian disease, eosinophilic 
granuloma, Wegener granulomatosis, clival chordoma, 
and meningeal or squamous cell carcinoma (13,14). The 
physician’s index of suspicion should be high so that no 
patient is denied aggressive treatment when appropriate 
(Table 146.5). 


CLINICAL AND RADIOGRAPHIC 
FINDINGS 


SBO usually begins as an acute external otitis that does not 
resolve despite medical therapy, as described previously. 
The history is significant for a long-standing infection of the 
external canal accompanied by aural discharge and severe 
deep-seated pain. The disease is usually found in elderly 
diabetic patients in poor metabolic control, although it 
may be found in any chronically ill, debilitated, or immu- 
nocompromised patient (15). The HIV status of the patient 
should be known. 

On physical examination, most patients with SBO have 
granulation tissue visible in the inferior aspect of the canal 
or even extruding from it. This may obscure the TM. It is 
rare to see granulation tissue in patients with routine oti- 
tis externa; however, granulations are common in an acute 
exacerbation of chronic otitis media with perforation of 
the TM. The skin of the canal is often erythematous, indu- 
rated, and sometimes macerated. Purulent secretions are 
common. 

The causative organism is almost always P. aeruginosa, 
although other organisms such as P. mirabilis, Aspergillus 
fumigatus, Proteus sp., Klebsiella sp., and Staphylococcus sp. 
have been isolated (8,14). 
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The natural history of SBO is one of relentless progres- 
sion to involve the cranial nerves, especially the facial 
nerve. Pain is inexorable and is deep seated. Damiani et al. 
(16) reported that the most commonly involved cranial 
nerves were VII (75%), X (70%), and XI (56%). More recent 
reports have estimated the facial nerve to be involved in at 
least one-fourth of patients, with less frequent involvement 
of cranial nerves IX, X, and XI (17). 

Computed tomography of the temporal bone with con- 
trast is the initial radiograph to be done, yielding excellent 
bony detail with less precise information about soft tissue. 
It may define subtle bony changes such as erosion of the 
anterior canal wall with involvement of the temporoman- 
dibular joint and erosion of the tympanic ring and base 
of the skull. It may demonstrate soft tissue thickening and 
mastoid clouding (18). 

Magnetic resonance imaging without and with gado- 
lintum enhancement may be advantageous in defining the 
medial extent of disease at the skull base. Dural enhance- 
ment and involvement of the medullary bone spaces 
are seen with central skull base invasion. Underlying 
cerebral involvement is easily visualized with gadolin- 
ium-enhanced magnetic resonance imaging. Magnetic res- 
onance imaging yields very imprecise information about 
bone. The patency of the dural sinuses and great vessels 
of the neck may be assessed in a noninvasive fashion with 
magnetic resonance angiography or venography (19). 
Changes seen on MRI do not quickly resolve with clini- 
cal improvement. Thus, MRI is a useful diagnostic tool to 
assess the extent of disease but less useful to follow the 
clinical course of SBO (20). 

Tc-99m bone scanning and Ga-67 scanning have been 
advocated in the evaluation of SBO (17,21). Their sen- 
sitivity for the presence of infection is far greater than 
their specificity for the cause. Tc-99m scanning gives 
excellent information about bone function but poor 
information about bone structure. A positive scan is 
thought to represent osteoblastic activity as little as 10% 
above normal. The scan is positive in acute and chronic 
osteomyelitis and in areas of active bone repair without 
infection, as in trauma. Its use in the evaluation of SBO 
is complementary to that of Ga-67 scanning. Ga-67 is 
thought to be incorporated into proteins and polymor- 
phonucleocytes at sites of active infection as a Ga-67- 
lactoferrin complex. It will highlight an acute infective 
focus but not the full extent of an osteomyelitic pro- 
cess. As treatment progresses, the Ga-G7 scan will revert 
to normal (negative). The Tc-99m scan will lag behind 
for many months. Baseline studies of both are thus rec- 
ommended, and sequential imaging is used to monitor 
the response to therapy. Indium-111-labeled leukocyte 
(In-WBC) planar scintigraphy has been demonstrated 
to yield better results for the detection of osteomyeli- 
tis than either planar or tomographic Ga-67 and/or 
Tc-99m-methyline diphosphonate and may replace the 
former two radionuclide modalities in the evaluation of 
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SBO-suspected patients (17,21). It is best to consult with 
nuclear medicine to determine which of these various 
choices will be best. 


MEDICAL TREATMENT 


Swab and/or tissue cultures of the EAC should be 
obtained. If present, granulations should be biopsied and 
sent to rule out carcinoma or another pathologic entity. P. 
aeruginosa is almost always cultured. Because Pseudomonas 
is so frequently the predominant organism, the patient is 
treated with anti-Pseudomonas antibiotics for an extended 
period, often for 6 weeks or more. Two antibiotics, one 
an antipseudomonal antibiotic and the other an amino- 
glycoside, that is, each from a different class, are ordi- 
narily chosen because of the synergy achieved with the 
use of two antibiotics and to avoid the emergence of a 
resistant strain of bacteria. Monotherapy is discouraged 
in the treatment of SBO. Usually two anti-Pseudomonas 
antibiotics are chosen from several alternatives, including 
gentamicin or tobramycin with or without ticarcillin or 
piperacillin. Alternative antibiotics include mezlocillin or 
azlocillin, ceftazidime, imipenem, aztreonam, amikacin, 
norfloxacin, and ciprofloxacin or any of the other appro- 
priate anti-Pseudomonas fluoroquinolones (22). If an ami- 
noglycoside is chosen, peak and trough levels and hearing 
must be carefully monitored. It is wise to treat in concert 
with an infectious disease colleague to help select those 
medications that will be of greatest benefit with the least 
toxicity. 

Because of the high tissue levels seen with oral fluo- 
roquinolones, the apparent incidence of SBO has fallen. 
However, the physician should not be lulled into a false 
sense of security. Many patients with poor microvascula- 
ture, especially diabetics, may achieve cidal concentrations 
of an antibiotic solely with intravenous administration. 
Patients refractory to intravenous administration of anti- 
biotics may require surgical control of the infected site. 
Emergence of resistance to ciprofloxacin has been reported 
in 20% of long-term (6 weeks or more) therapy for osteo- 
myelitis (21). 

Certainly if the ear remains purulent despite adequate 
intravenous antibiosis and local care, repeat cultures 
should be taken to look for the emergence of a resistant 
organism. 

An early clinical feature of success in treatment is the 
cessation of pain, and patients may be tempted to discon- 
tinue therapy once this occurs. Regardless of the choice of 
medication or mode of delivery, patients must understand 
that they will require meticulous aural toilet and antibiotic 
treatment for at least 6 weeks and vigorous management of 
the serum glucose. 

Either in the hospital or in the office, the ear is 
debrided carefully under the microscope on a regular 
basis until granulations have subsided. The patient is 
placed on anti-Pseudomonas otic drops and appropriate 


systemic antibiotics. Diabetes is aggressively managed, 
usually with the aid of an internist or endocrinologist. 
The diet is carefully monitored with the aid of the nutri- 
tionist. 

Hyperbaric oxygen has been advocated by Shupak et al. 
(23). Hyperbaric oxygen is thought to facilitate osteoneo- 
genesis and to promote repair of diseased bone and thus 
may be of value in the most severe cases. The cost and 
inconvenience of hyperbaric oxygen therapy have limited 
its availability. Its use is recommended for advanced dis- 
ease with significant skull base or intracranial involvement, 
recurrent disease, and infections refractory to antibiotic 
treatment (17,23). 


Surgical Treatment 


Most patients can be managed medically, and the role of 
surgery in SBO remains controversial. Surgical debride- 
ment of tissue and osteomyelitic bone is usually reserved 
for patients who do not respond to conventional therapy. 
Tissue may be obtained for culture in these refractive cases 
to look for resistant organisms or for a new organism such 
as an invasive fungus. Progression of pain despite aggres- 
sive medical therapy, persistence of granulations, and the 
development of cranial nerve involvement are all ominous 
signs that call for more aggressive medical therapy and 
possibly surgical intervention. 

With the onset of clinical facial paralysis, early surgical 
removal of granulations and, when necessary, decompres- 
sion of the descending facial nerve have given excellent 
return of function. The primary surgical goal is to relieve 
the entrapped nerve and to allow its natural return of func- 
tion. Serial electroneuronography (ENOG) has been used 
to determine the electrical degeneration of the VII nerve 
in patients with clinically complete facial paralysis. An 
ENOG showing greater than 90% electrical degeneration 
of the facial nerve may support surgical decompression of 
the involved segment of the nerve. The entire concept of 
facial nerve decompression in the context of SBO remains 
controversial. The mainstay of therapy for SBO is medical 
and not surgical. 

John and Cheesman (24) have advocated wide local 
excision of infected cartilage and soft tissues if pain persists 
after medical treatment or if facial palsy occurs. Reines and 
Schindler (25) have reported three cases in which subto- 
tal temporal bone resection was performed to gain access 
to the primary focus of infection and provide adequate 
drainage. Surgical treatment including abscess drainage, 
debridement of sequestra, and more extensive resection 
should be individualized depending upon the patient's 
overall health status and response to more conservative 
measures (26). 

The first author performed his very first mastoidectomy 
under local anesthesia in a 90-year-old lady with SBO and 
a large abscess of the surrounding bone and soft tissues. 
She had failed two previous 6-week courses of intravenous 


antibiotics. Her family was very involved and requested 
surgical intervention. She improved, was discharged, and 
lived another 4 years after surgery. She died of old age and 
not of SBO. 

Mortality remains significant, especially in the immu- 
nocompromised patient. Progression of disease results 
in severe unremitting pain within the ear and at the base 
of the skull and extension of infection to the mastoid, 
parotid, lower cranial nerves, and transverse and sigmoid 
sinuses. Osteomyelitis of the skull base may lead to men- 
ingitis, brain abscess, and death. Poor prognostic factors 
include facial paralysis, polyneuropathy, and intracranial 
extension (27). 

The diagnosis and management of patients with SBO 
remains an otolaryngologic challenge. Perhaps the greatest 
advance in its treatment has been the recognition of SBO 
as a distinct entity and a clear understanding of its patho- 
physiology. A team approach involving the cooperation of 
otolaryngology, endocrinology, and infectious disease may 
enhance the overall outcome (Tables 146.6 to 146.8). The 
devastating disease reported by Chandler (7) in his classic 
1968 article has significantly changed. The advent of the 
fluoroquinolones and other anti-Pseudomonas antibiotics 
has significantly lowered the morbidity and mortality asso- 
ciated with SBO. 


Conditions Related to External Otitis 


Several other infectious and inflammatory diseases are 
included in the differential diagnosis of otitis externa. 


Radiation-Induced Otitis Externa 

Another form of otitis externa occasionally occurs after 
radiotherapy of the region of the external ear. The predom- 
inant symptoms result from the inflammation and infec- 
tion that occur when radiotherapy weakens local defense 
mechanisms and resident bacteria flourish. When limited 
to the skin of the EAC, treatment measures with particu- 
lar attention to water avoidance are appropriate. In the 
worst form of osteoradionecrosis with purulent infection, 


Medical 
Hospital admission 
Intravenous antibiotics 
Daily cleaning, debridement 
Surgical 
Excise + granulations 
+ middle ear exploration 
+ mastoidectomy 
+ facial nerve decompression 
+ temporal bone resection if no response 
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Cranial neuropathy (VII and lower) 

Progression despite aggressive local care (to mastoid, parotid, 
lower cranial nerves, base of skull, dural venous sinuses, brain) 

Meningitis 

Brain abscess 


Death 


sequestra of devitalized tissue should be removed and 
replaced with vascularized tissue. The removal of what 
has become the nidus of infection is a basic surgical prin- 
ciple. This is fortunately a very rare thing. 


Bullous External Otitis 


Bullous external otitis is a very painful condition in 
which vesicles or bullae are noted in the bony portion 
of the external canal. The vesicles are commonly hemor- 
rhagic and should not be ruptured, because secondary 
infection may ensue. Because Pseudomonas may be one of 
the causative organisms, appropriate otic drops are rec- 
ommended. Packing and irrigation of the canal should 
be avoided, because they tend to prolong the course of 
this disease. 


Granular External Otitis 


Granular external otitis often resembles the earliest stage 
of NEO in that there may be small granular plaques or 
pedunculated granulations in the external canal. This 
condition may occur in patients who have not been fully 
treated for a previous episode of external otitis. It may also 
occur as a result of contact dermatitis, for example, expo- 
sure to hairspray. After topical or local anesthesia, removal 
of granulation tissue, placement of a wick in the canal, and 
the instillation of antibiotic drops will usually resolve the 
problem. Oral antibiotics should be given if the infection 
extends beyond the canal. If the patient is diabetic or debil- 
itated, the diagnosis of NEO is entertained and treated 
appropriately. 


Any complications in Table 146.7 (in living patient) 
Change antibiotic 
Increase level of daily care 
Consider surgery 
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Perichondritis and Chondritis 


Perichondritis, inflammation of the perichondrium, and 
chondritis, inflammation of cartilage, may follow or com- 
plicate infections of the EAC or result from accidental or 
surgical trauma to the auricle. The condition is painful, and 
the patient often complains of severe itching deep within 
the canal. With time, the skin over the affected area becomes 
crusted with squamous debris, and the involved cartilage 
begins to weep. The ear is indurated and erythematous; 
often the canal swells shut. The surrounding soft tissues of 
the face and neck may become involved. 

In the mildest stages, thorough debridement and treat- 
ment with topical and oral antibiotics are generally suffi- 
cient. If these measures do not succeed, the ear is debrided 
again, and cultures are taken. Appropriate treatment for 
common pathogens, especially Pseudomonas, is begun and 
tapered according to culture results. Ciprofloxacin is a logical 
choice for moderate stages, combined with an anti-Pseudo- 
monas drops such as gentamicin or a fluoroquinolone drops. 

If the infection spreads to involve regional soft tis- 
sues and lymphatics, the patient should be hospital- 
ized and parenteral treatment with adequate coverage 
for Pseudomonas begun. In difficult cases, the ear should 
be cultured before starting treatment. With recalcitrant 
infections, the help of an infectious disease consultant 
is necessary. At every stage of the disease, frequent and 
thorough debridement of the canal is essential. The met- 
abolic requirements of cartilage are low, and its blood 
supply is appropriately diminished. Once infection has 
become established in the perichondrium or cartilage, it 
is extremely difficult to treat. If subacute or chronic infec- 
tion evidenced by inexorable weeping continues, surgical 
intervention is indicated. This is best done in the operat- 
ing room under controlled conditions. 

The affected area is cleansed and injected with local 
anesthetic containing epinephrine. Skin flaps are appropri- 
ately planned and the dissection taken down to the affected 
cartilage. If it has lost its normal “pearly white” appear- 
ance, itis most likely necrotic and should be excised. Often 
necrosis extends farther than that which can be grossly 
visualized. Small irrigation drains are placed beneath the 
flaps and sutured to the skin. The skin flaps are closed. The 
drainage ports are irrigated with antibiotic irrigation such 
as bacitracin (50,000 U of bacitracin dissolved in 250 mL 
of normal saline). The drains are advanced as the condi- 
tion resolves. Parenteral antibiotics, otic drops, and aggres- 
sive local care continue until the infection has resolved. 


Relapsing Polychondritis 


Relapsing polychondritis is an intermittently progressive 
disease marked by inflammatory destruction of cartilage. 
Although thought to be an autoimmune disorder, the exact 
cause is unknown. Cartilage of the external ear, larynx, tra- 
chea, bronchi, and nose may be involved. Symptoms are 


episodic, with fever, anemia, erythema, swelling, pain, and 
an elevated sedimentation rate during acute episodes. As 
the disease progresses, symptoms of increasing respiratory 
obstruction become apparent. Labyrinthine disturbances 
are rarely present. The diagnosis is made on the basis of 
the history and physical examination, supported by an ele- 
vated sedimentation rate. Biopsy of involved cartilage may 
show necrosis, inflammation, and fibrosis. Treatment is 
with oral corticosteroids, rarely with intravenous steroids. 


Furunculosis and Carbunculosis 


Furunculosis and carbunculosis are conditions resulting 
from gram-positive infections, usually staphylococcal, 
of the hair follicles. The primary lesion is usually a small 
well-circumscribed pustule that may enlarge to become 
a furuncle or merge with several similar lesions to form 
a carbuncle. The infection occurs most commonly at the 
junction of the concha and canal skin. 

For treatment to be successful, any accumulated infec- 
tious material must be removed. Spontaneous drainage 
can often be encouraged by the use of warm soaks, supple- 
mented by topical and oral antibiotics and wicks if neces- 
sary. If this fails to relieve obstruction of the canal, incision 
and drainage (I & D) under local anesthesia are indicated. 


Infectious Eczematoid Dermatitis 


Infectious eczematoid dermatitis results from the drainage 
of contaminated or purulent material from the middle ear 
into the floor of the external ear and adjacent infra-auric- 
ular skin (Fig. 146.7). This drainage causes a secondary 
infection or an autosensitization phenomenon manifested 
by crusted plaques in the canal. Treatment is directed at 
control of the underlying middle ear infection. Supportive 
treatment of the external canal reaction consists of removal 
of accumulated debris, application of sterile saline soaks to 
the crusted areas, and application of an antibiotic cream or 
ointment. 


Figure 146.7 Infectious eczematoid dermatitis with inflamma- 
tion and crusting of the skin of the canal and auricle secondary to 
drainage of purulent material through a TM perforation in a patient 
with chronic otitis media. 


Otomycosis 


Otomycosis is a fungal infection of the skin of the external 
canal. Although fungi may be the primary pathogens, they 
are usually superimposed on chronic bacterial infection 
of the external canal or middle ear. Secondary otomycosis 
tends to recur if the underlying primary infection is not 
controlled. All fungi have three basic growth requirements: 
moisture, warmth, and darkness. Altering moisture will 
discourage fungal growth. Aspergillus species are the most 
common, usually A. niger. If aural culture should grow 
A. fumigatus or A. flavus, one would be concerned about a 
more invasive infection. 

Pruritus is the primary clinical complaint. The oto- 
scopic examination commonly reveals a white, black, or 
dotted gray membrane. Thorough cleaning under a micro- 
scope with the patient supine to remove any fungal debris 
is the first and absolutely most important step in therapy. 
Thorough aural toilet is supplemented by the topical appli- 
cation of an acidifying solution such as aluminum sulfate- 
calcium acetate (Domeboro) or by a drying powder such as 
boric acid. Clotrimazole cream or solution (Lotrimin) may 
also be used. In the presence of a TM perforation or a pat- 
ent ventilation tube, clotrimazole drops or lotion may be 
very painful. Thorough cleaning and drying therapies such 
as powders are best. Metacresyl acetate (Cresylate) may be 
painted on the margin of a perforation or an infected ven- 
tilation tube. This is best done under the microscope. This 
medication should not enter the middle ear cleft because it 
is quite irritating. In recalcitrant infections, a foreign body 
such as a ventilation tube acts as the nidus for infection 
and should be removed. Tympanoplasty is best performed 
to close a perforation that intermittently drains with a 
superimposed fungal infection. 

Gentian violet is usually well tolerated in patients with 
mastoid cavities, although it is best left out of the middle 
ear cleft in the presence of a perforation. Because it will 
permanently stain skin and clothing, small amounts are 
used with adequate protection of the surrounding area. 

Treating physicians should realize that all drops are for- 
mulated with moisture and do not persist indefinitely in an 
homogenized state. Eventually, the water component will 
separate from the precipitate of the active medical ingredi- 
ent. Water is exactly what fungi need to grow. Adding drops 
indefinitely to an ear with otomycosis may prove counter- 
productive. In these cases, an acidifying powder such as 
boric acid or a compounded powder, as described below, 
will often help dry up a refractory ear. 

Many patients with refractory otomycotic infections 
may have had previous mastoid surgery. Often the canal 
wall is down. Due to moderate to severe hearing loss, the 
patient may need to wear a hearing aid with a closed mold. 
This is a significant problem because the patient relies on 
the aid virtually all day and is reluctant to leave the instru- 
ment out. Careful instruction to the patient, meticulous 
debridement of the ear, and the use a drying agent such 
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as boric acid powder, Chloromycetin-sulfanilamide- 
Fungizone (amphotericin B) powder or Chloromycetin- 
sulfanilamide-Tinactin (tolnaftate) powder will often 
help clean up the cavity. Ointments in cavities with closed 
hearing aids may promote fungal growth due to the accu- 
mulation of moisture. In refractory cases, gentian violet or 
metacresyl acetate (Cresylate) is used topically. 


Herpes Zoster and Herpes Simplex 


Herpes zoster and herpes simplex are viruses known to 
affect the EAC. The patient initially experiences a period 
of burning, pain, or localized headache, and vesicles usu- 
ally appear within several days. When vesicles coalesce and 
rupture, crusts are formed. Herpes zoster tends to appear 
unilaterally in a dermatomic distribution. Involvement of 
the facial nerve may produce paresis or paralysis (herpes 
zoster oticus or Ramsay Hunt syndrome), named after Dr. 
James Ramsay Hunt (1872 to 1937), of late termed Hunt 
Syndrome. Treatment is supportive, with topical appli- 
cation of a drying agent, such as hydrogen peroxide for 
crusts. The status of the facial nerve is carefully followed; 
surgical decompression of the facial nerve may be a consid- 
eration if it is clinically paralyzed and electrical criteria are 
met by ENOG testing. Many patients excoriate the blisters, 
and bacitracin ointment or a suitable substitute should be 
applied to prevent superinfection. Acyclovir, famciclovir, 
and valacyclovir have been shown to ameliorate herpetic 
infections, especially herpes zoster oticus. The latter two 
have easier dosing schedules and are better absorbed orally 
than acyclovir. Also, famciclovir may reduce the duration 
of post herpetic neuralgia. However, it will cause a transi- 
tory rise in hepatic enzyme production and must be used 
with caution. 


Dermatoses 


Allergic and irritant contact dermatoses may mimic diffuse 
external otitis. These result when the susceptible patient 
comes in contact with any type of agent that can produce 
a cutaneous response. Irritants may be absolute, so nox- 
ious that a reaction occurs in everyone exposed (e.g., strong 
acids or alkalis), or relative, noxious to susceptible individ- 
uals, usually after repeated exposures (e.g., various soaps, 
the plastic mold of a hearing aid). Allergic contact derma- 
titis refers to delayed hypersensitivity reactions resulting 
from substances such as poison ivy, nickel compounds 
(earrings), and rubber compounds (headphones). The 
typical reaction presents as erythema, weeping, and vesicu- 
lation accompanied by itching. The patient may produce 
a secondary infection by scratching. Treatment consists of 
removal of the causative agent and the use of topical ste- 
roids and astringents. Topical or systemic antibiotics are 
indicated for the treatment of infection. Systemic steroids 
may be indicated for severe cases. In rare cases, for example, 
the patient with a cochlear implant and hypersensitivity to 
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plastic, the external, ear-level receiver/stimulator may be 
painted with a different material or covered with a cloth 
casing to separate it from the skin. 


External Ear Disease and HIV Infection 


Among the external ear manifestations in HIV disease is 
Kaposi sarcoma, which presents with reddish-blue lesions 
typically described as hemorrhagic nodules (28). The 
lesions may be discrete or confluent. Although chemo- 
therapy, radiotherapy, and interferon-a have been used for 
therapy, treatment of auricular and canal lesions is rarely 
necessary. Infections of the external ear in HIV-infected 
patients include both typical and atypical pathogens. 
Recurrent herpetic infections and Pneumocystis carinii- 
infected aural polyps have been reported in the EAC as a 
result of chronic otitis media (29). 

Another external ear manifestation of HIV disease is 
seborrheic dermatitis, which tends to be more widespread 
and refractory to treatment than the same condition in HIV 
negative patients. NEO in the HIV+ patient adds another 
level of concern regarding its treatment. An infectious 
disease consultant should be involved in the overall care 
of the HIV+ patient. The advent of the protease inhibitor 
medications in the mid-1990s not only saved lives and 
emptied the infectious disease wards of most hospitals but 
also made these otologic manifestations exceedingly rare. 


Traumatic Disorders of the External Ear 


Blunt Injuries 

Shearing forces to the auricle, commonly seen in sports 
such as boxing and wrestling, may disrupt the normal 
perichondrium of the auricular cartilaginous framework, 
causing seroma or hematoma formation. The lobule is 
composed primarily of fat covered with skin and is less sus- 
ceptible to injury. Because it is malleable throughout life, 
auricular cartilage is more likely to be injured by shearing 
forces than blunt trauma. It rarely fractures. 

If uninfected, a small seroma of the auricle may be 
observed, a larger one aspirated. If the seroma reaccumu- 
lates, it should be treated under sterile conditions with 
drainage and a bolster type dressing using dental rolls and 
through-and-through, nonabsorbable sutures placed to 
obliterate the potential space for reaccumulation of the 
seroma. If infected, there is a risk that cartilage itself may 
become necrotic and lost. The ear must be incised and 
drained with broad-spectrum antibiotic coverage; drains 
may need to be placed. The goal is to prevent loss of the 
cartilaginous frame. 

The same principles apply to hematoma of the auricle, 
except that observation is rarely an option. Because the car- 
tilaginous frame is at greater risk, the hematoma should 
be drained and a compressive dressing applied with dental 
rolls sutured on either side. If the hematoma reaccumulates 


or is very large, drains should be placed, and the ear should 
be treated until the skin flaps remain flat. Preservation of 
the cartilaginous framework with prevention of a “cauli- 
flower” or “boxer’s” ear is the goal. 

Of recent note, young male pugilists may consider a 
malformed auricle a “mark of prowess” (athletic, sexual, 
and otherwise) and will not seek medical attention for 
shearing injuries to the auricle. Unfortunately, once auric- 
ular cartilage has been lost and reparative scarring has 
begun, the auricle is doomed to reparative malformation. 
Intervention must be given soon after any injury if it is to 
be effective. 


Sharp Trauma to the Auricle 

Sharp trauma to the auricle may be as small as a torn ear 
lobe piercing to complete avulsion of the auricle, usually 
as a result of motor vehicular trauma. The auricle has a 
plentiful blood supply and as a general rule will heal if the 
cartilaginous and soft tissue structures remain even partly 
attached, less so if complete avulsion has occurred. If rem- 
nants or the entire auricle can be salvaged, these should be 
cleansed and an attempt made to reimplant in the acute 
situation. 

Torn lobules may occur by gravity in which a heavy 
earring works its way over time through the lobule or by 
acute injury in which an earring is torn through the lobule. 
Inflammation and infection should be treated. The torn 
lobule may be repaired in the office; the lobule may be 
repierced at a later stage. 

Animal and human bites of the auricle are by definition 
contaminated. The edges of the wound must be decon- 
taminated with local antisepsis. Tetanus toxoid should be 
given. Broad-spectrum antibiotic coverage for the most 
likely oral flora including microaerophilic streptococci and 
anaerobes such as Bacteroides is indicated. If remnants of 
the auricle have been salvaged, these may be thoroughly 
washed, decontaminated and reattached with sutures. If 
only the auricular cartilage remains, it should be cleaned 
of soft tissue attachments, decontaminated, and buried in 
a subcutaneous pocket (postauricular, forearm, abdomen, 
etc.) for later use. 

Shearing avulsions are much more difficult to treat. 
The auricular remnant, if found, may be mangled, torn, 
abraded, etc. If part or whole of it appears viable, it is worth 
an attempt at surgical reattachment, obeying all rules of 
antisepsis. 

If however, it has been lost or is beyond retrieval, the 
edges of the EAC should be freshened, tacked away, and the 
canal packed with gelfoam or another material to help pre- 
vent acquired stenosis of the EAC. The patient must then 
be counseled regarding the main steps of auricular recon- 
struction (costochondral cartilage harvest, sculpture, and 
subcutaneous implantation; lobular transposition; auricu- 
lar lateralization) as required. Another very good option 
in these severe cases is the insertion of osseointegrating 


titanium posts for the anchoring of an auricular prosthesis. 
A well-made auricular prosthetic for the properly selected 
patient is an excellent option with very acceptable cosmetic 
results. On the contrary, flexible hydroxyapatite (Porex), 
even if covered with a vascularized temporoparietal flap, 
has in many cases proven extremely difficult in the event of 
subsequent trauma or surgical manipulation of the auricle 
with resultant stenosis of the EAC. This type of repair must 
be chosen carefully with regard to the age and usual activi- 
ties of the recipient. 


Thermal Injuries (Thermal Burns, Frostbite) 

Burns of the auricle are classified by nature of the burn 
(thermal, ultracooling due to frostbite) and the degree 
of the injury to the skin: first degree leading to erythema, 
second degree (blistering), and third degree (full thick- 
ness). In first- and second-degree burns, pain is present; in 
third-degree burns, the sensory nerve endings have been 
destroyed, and the affected area is anesthetic. It is of great 
importance to elicit a detailed history about the nature and 
time course of the injury. 

Upon inspection, the area may be erythematous and 
blistered (first- and second-degree burns), blackened with 
eschar (third degree), or white, hard, and cold (frostbite) 
due to extreme vasoconstriction. It is important to suspect 
that the extent of the injury extends greater than that appar- 
ent on inspection. This is especially true in electrical injuries. 
Cooling a thermal burn should be done quickly with cold/ 
iced compresses to waste the built-up heat within the tissue 
in an attempt to prevent necrosis by cell expansion and dis- 
ruption. Frostbite is rewarmed more slowly with warming 
compresses. If frostbite extends to larger areas of the body, 
the patient may be placed in a warming bath or warming 
intravenous solutions may be used. The extremity should 
not be rubbed, lest shearing forces cause further damage. 

Broad-spectrum antibiotic coverage against expected 
organisms such as Pseudomonas sp. and common skin flora 
(gram+ cocci and rods) should be given. Topical ointments 
and creams such as 1% silver sulfadiazine creams may be 
used. Surgical debridement should be delayed until the 
wound “declares itself” and a line of demarcation between 
healthy and dead tissue becomes apparent. Once this has 
happened, debridement of dead tissue and the applica- 
tion of topical antiseptic ointments may encourage heal- 
ing in first- and second-degree burns. More severe burns 
may require split- or full-thickness grafting. There is no 
reason to rush into repair until the full extent of the injury 
is obvious. A physician or surgeon experienced in the care 
of burns and in reconstructive surgery is an important col- 
league in the care of thermal and frostbite injuries to the 
auricle and EAC. 


Acid Burn of the EAC and Auricle 
This rare occurrence causes massive denaturation of skin, 
surrounding soft tissue and supporting cartilage, and may 
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result in partial or complete loss of the auricle and EAC. 
Acids of industrial concentration such as sulfuric acid or 
other fortified acids (or alkalis) are the usual agents. The 
injury is almost never accidental but is part of a criminal 
assault. As with any chemical burn, the caustic agent must 
be removed with copious and prolonged irrigation. 

If the auricle has been severely damaged, it may ulti- 
mately undergo partial or complete autoamputation. 
Hypertrophic and/or keloid formation will inevitably 
ensue and is treated with compressive dressings and/or 
steroid injections (triamcinolone 10 or 40 mg/mL), as 
necessary. The injured auricle may be allowed to “declare 
itself” as with thermal and frostbite burns. It is important 
to inspect the EAC and the TM and to make every effort to 
flush any noxious agent from these areas and to attempt to 
salvage as much normal tissue as possible. The EAC may be 
packed with medicated gelfoam or another packing. 

Having worked in a large inner city E.R. and burn unit, 
the first author's experience is that these types of injuries 
are almost never isolated but are often part of a much larger 
picture including inhalation injuries and trauma to vital 
internal organs and the extremities. It is important to think 
“beyond the ear,” especially if there has been a history of 
smoke inhalation. These patients are properly assessed by 
the trauma and burn services as well as otolaryngology. 


Fractures of the EAC 

Foreign objects placed into the EAC may cause lacerations 
of the canal. These types of injuries are rare. Far more com- 
mon are injuries to the EAC caused by trauma to adjacent 
structures. The anatomic boundaries of the EAC make it 
susceptible to injuries of the temporomandibular joint 
(e.g., a blow to the jaw) and of fractures to the temporal 
bone, most commonly longitudinal fractures. 

Inspection of the EAC reveals a “step” deformity of the 
canal. A flail piece of bone may be seen, with or without 
an accompanying laceration. Passive movement of the jaw 
may cause the bone fragment to move. 

The patient should be inspected for additional areas of 
injury, both for fractures of the jaw and for other areas of 
otologic injury such as traumatic perforation of the TM, 
damage to the ossicular chain, facial nerve injury, or injury 
to the vestibular labyrinth. A tuning fork test should mini- 
mally be done. If possible, at least a screening audiogram 
should be performed. 

Radiographic studies (mandibular views, panorex, CT of 
the petrous temporal bones, etc.) are obtained as indicated. 

Treatment is of the underlying cause: If the mandible 
has been fractured, this must be reduced and the patient 
usually placed in intermaxillary fixation (IMF), as per oral 
surgery protocol. Temporal bone fractures, even with CSF 
otorrhea, are ordinarily observed with the patient placed 
in bed at about 45 degrees, until CSF otorrhea subsides. 
The ear should not be manipulated. If there is witnessed 
and progressive facial nerve dysfunction, in which case 
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the likely site of injury is at the geniculate ganglion, the 
nerve is followed clinically and electrically with serial 
ENOG and/or needle EMG studies and may need to be 
decompressed. 

If a flail piece of bone in the EAC, usually at the scu- 
tum or tympanomastoid suture lines, becomes infected 
or otherwise bothersome, it may be removed. It is rarely 
necessary to repair soft tissue lacerations. The EAC may 
be packed with gelfoam moistened with otologic drops or 
another packing material. 


Noninflammatory Lesions of the External Ear 


A. Lesions of the auricle 
1. Congenital lesions of the EAC 

a. Microtia/congenital auricular atresia 
The reader is referred to Chapter 148, Congenital 
Aural Atresia, by Dr. Paul R. Lambert MD. 

b. Preauricular skin tag(s), accessory auricular remnants 
These consist of redundant tissue, usually com- 
prised of skin and fat, found near or just ante- 
rior to the tragus. If the mass contains cartilage, 
it is a remnant of auricular tissue, left over from 
auricular development. It may be a duplication 
of one or several of the ectodermal hillocks of 
His. Preauricular skin tags or auricular remnants 
are nonfunctional, and most parents request 
that they be removed. However, they may carry 
with them cultural connotations, such as a child 
being “favored.” Care should be taken in the 
excision of them. If held on with only a soft tis- 
sue stalk, the skin tag may be lassoed with a silk 
suture, tied at the base and allowed to necrose 
and fall off. If cartilage is found within the 
lesion, excision should be done in the operating 
room, with the knowledge that the facial nerve 
may be very superficial in young children. The 
patient is seen as necessary until the scar has 
healed. Electrocautery is rarely necessary in the 
excision of these lesions and should be used 
carefully. 

c. Preauricular pits 
These are depressions or sinuses lined with squa- 
mous or columnar epithelium and found in 
front of the anterior root of the helix. They are 
heritable, thought to be in an autosomal domi- 
nant fashion with variable expression; they are 
often bilateral. They may elaborate keratin and/ 
or mucous and may become infected. If quies- 
cent, they are observed. If filled with uninfected 
debris, they may be treated with warm com- 
presses and the material expressed from out- 
side the opening. If the pit or sinus becomes 
recurrently infected, it may require excision. It 
is important to remove the entire tract if it is 
excised. 


d. First branchial cleft cysts, sinuses, and fistulas 


These result from anomalous duplication of the 
EAC and may occur between the EAC and struc- 
tures anterior or inferior to the auricle, includ- 
ing the neck. The classification of Work (30) is 
commonly accepted. Work type I anomalies 
contain only ectodermal derivatives and may be 
thought of as a “parallel” duplication of the EAC. 
Work type II anomalies contain both ectodermal 
and mesodermal derivatives and may be found 
extending between the EAC and the parotid, 
in any relationship to the extratemporal facial 
nerve, including bisecting the nerve. Treatment 
of first branchial cleft cysts, sinus, and fistulas is 
by excision. These anomalies may contain kera- 
tin debris that may become infected. If infected, 
these may require I & D, but this is not recom- 
mended if it can be avoided. The cyst, sinus, or 
fistula may be gently probed with a sterile, mal- 
leable lacrimal probe or another suitable instru- 
ment to map out its pathway. The opening may 
be gently filled with dye such as methylene blue 
prior to excision. A rim of tissue around the 
internal opening is resected with the specimen 
and every attempt is made to excise the tract in 
toto, leaving none of it behind. If the tract is sus- 
pected to course in any relation to the extratem- 
poral facial nerve, the excision should be done in 
a more formal way. A modified Blair incision is 
made, and the parotid is exposed as is the facial 
nerve at least from the stylomastoid foramen 
to the pes anserinus and distal branching points, 
with the use of intraoperative facial nerve moni- 
toring. The cyst, sinus, or fistula must be carefully 
dissected from the intact and stimulated facial 
nerve. The first attempt at excision is usually 
the most thorough because the anatomy of the 
lesion is the most preserved. With each 1 & D and 
each subsequent surgical attempt at removal, this 
anatomy becomes more distorted and the chance 
of complete resection less. 

Cutaneous cysts 

Cysts of ectodermal and sebaceous origin may be 
found in any relationship the auricle. If growing 
and painful, they should be excised by including 
a fusiform “stamp” of skin over the lesion as a 
soft tissue “handle” leading toward excision of 
the cyst with its tract and surrounding soft tis- 
sue. It is important to make every attempt to 
identify and excise every bit of the cyst lining, as 
there always is one. If the cyst has become acutely 
infected and ready to burst, the patient is treated 
with oral antibiotics and warm soaks. The cyst 
may need to be incised and drained, but this is 
not optimal. Once the acute infection has sub- 
sided, the cyst should be excised. 


2. Acquired lesions of the EAC 
a. Chondrodermatitis nodularis chronica (Winkler 


nodule) 

This is a benign lesion that appears as a “punched- 
out crater,” found most commonly in older men 
at the rim of the helix. It may be found in other 
areas of the auricle. It is thought to be caused by 
the breakdown of elastic fibers due to chronic 
sun exposure. The lesion may be painful to touch 
or pressure, for example, sleep in on the ear. This 
distinguishes it from other dermatologic lesions 
such as senile keratosis, keratoacanthoma, cuta- 
neous horn, and skin cancer (squamous or basal 
cell), which are usually painless. 

Treatment is by full-thickness excision includ- 
ing supporting cartilage with reconstruction of 
the defect with a full-thickness skin graft or local 
advancement miniflaps. 

Gouty tophi of the auricle 

These are deposits of uric acid in crystalline form 
in the auricle, often at the helix. The patient will 
have hyperuricemia and should have other mark- 
ings of gout: arthropathy(ies), involvement of 
the great toe(s), etc. Serologic markers for uric 
acid will confirm the suspected underlying diag- 
nosis. If quiescent, the nodule may be observed. 
If painful or inflamed, it is removed under local 
anesthesia. Histopathologic examination will 
reveal fusiform, washed-out casts of monoso- 
dium urate with an accompanying inflammatory 
surround: polymorphoneucleocytes, histiocytes, 
foreign body giant cells, etc. 

The patient should be treated by the internist 
for gout with daily administration of allopurinol 
and colchicine and other antiinflammatory med- 
ications for acute exacerbations. 

Keratoacanthoma 

This is also known as a self-healing basal cell 
carcinoma. It is caused by actinic (sun) expo- 
sure and may arise from hair follicles. It may be 
rapidly growing, raised, and circular with a cen- 
tral crater usually containing a keratin plug. On 
histologic exam, this crater is seen to be filled 
with desquamated debris and parakeratin cells. 
If it is undergoing gradual resolution, it may be 
observed. However, because this lesion resembles 
other skin cancers, it will usually be biopsied to 
yield a definitive diagnosis. 

. Bacterial perichondritis 

This is distinguished from relapsing polychon- 
dritis, which is a nonbacterial autoimmune 
condition treated with steroids. Bacterial peri- 
chondritis is distinguished by crusting, by weep- 
ing and exudate from the auricle, and by pus. If 
there are signs of bacterial infection, the ear must 
be treated with antibiotics. 


Chapter 146: Diseases of the External Ear 2349 


Infection of the perichondrium of the auricle 
and supporting cartilage is an urgent problem and 
may be a sequela to otologic surgery and trauma 
or may follow external otitis. Predisposing fac- 
tors include diabetes and any cause of relative 
immunosuppression. The patient presents with 
a swollen, painful, erythematous auricle, usually 
crusting and weeping. Swabs are taken for gram 
stain, culture, and sensitivity. The most common 
organism isolated is P. aeruginosa. Oral antibiotics 
with good gram-negative coverage such as fluoro- 
quinolones should be started along with warm 
soaks. Treatment may begin at home, but the 
patient must be seen frequently, even daily, until 
the ear either improves or it fails to, the patient 
should be hospitalized, broad-spectrum intrave- 
nous antibiotics started, and drains should be 
placed under the skin of the auricle and irrigated 
with an antibiotic solution such as bacitracin. 
Diabetic patients must be brought under strict 
control, often requiring a sliding scale of insulin. 
Necrotic cartilage should be excised and every 
effort taken to save as much of the cartilaginous 
auricular framework as possible. 

Sebaceous cysts 

These true cystic collections occur as a result of 
sebaceous gland obstruction. They have a true 
lining and may occur anywhere in the head and 
neck. The scalp, nape of neck, and auricle are 
favored sites. If small and nonpainful, they may 
be observed. The acutely infected sebaceous cyst 
is treated with a broad-spectrum oral antibiotic 
and may occasionally have to be drained. If it 
becomes larger and painful, the sebaceous cyst 
is excised with care taken to remove all of the 
cyst lining. This is best done when the cyst is dis- 
tended and noninfected. If any of the cyst lining 
is left behind, it will likely regrow. 

Hypertrophic scars and keloids (see burns) 

Neoplasia of the auricle and EAC 

The auricle and EAC may give rise to both benign 
and malignant neoplasia, based upon the cell of 
origin. Benign processes include actinic kerato- 
sis, papilloma, and other lesions. Cancers of the 
auricle and EAC include more commonly basal 
cell carcinoma, squamous cell carcinoma, and 
melanoma (melanotic and amelanotic). Rarer 
cancers of the auricle and EAC include Kaposi 
sarcoma (now seen with much less frequency in 
HIV disease after the advent of protease inhibi- 
tors and other reverse transcriptase inhibitors) 
and ceruminous adenocarcinoma (31), seen 
either alone or in patients with multiple cylin- 
dromas of the scalp, face, and EAC. 

Malignancies with hematogenous metastatic 
potential to spread to the temporal bone but not 
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necessarily to the auricle or EAC include renal 
cell carcinoma, small (oat cell) adenocarcinoma 
of the lung, breast cancer, cancer of the prostate, 
and cutaneous melanoma. 

In the majority of skin cancers, malignancy is 
an end-stage result of chronic sun (actinic) expo- 
sure. Individuals of Northern European origin 
with fair skin, light hair, and blue eyes or individ- 
uals who have genetic defects of skin repair are 
predisposed to skin cancer. The amount and lon- 
gevity of sun exposure is of greatest importance. 
Tanning lotions with protection against the 
ultraviolet waves of the sun are of relative recent 
widespread use. Many individuals in North 
America over the age of 60 can recall spending 
long summer hours if not whole days with friends 
at a swimming pool or beach, scantily clad, with 
no thought given to protection from the damag- 
ing effects of the sun. This is where the history 
leading to actinic changes including skin cancer 
begins. A thorough history of sun exposure, work 
history (indoor vs. outside work), and a history 
of tight-fitting ear molds leading to chronic irri- 
tation of the EAC should be elicited. It is wise to 
enlist the help of a good dermatologist and a der- 
matopathologist or similarly trained individual 
who is proficient in Mohs chemosurgery. Many 
malignancies of the auricle may be treated with 
local, chemo-controlled excision with the defect 
repaired via skin grafting or local advancement 
flaps. Occasional malignancies may respond to 
topical application of 5-fluorouracil. Unless one 
is ready to accept all responsibility for the care 
and follow-up of the lesion, it is wise to refer 
to the appropriate authority, a dermatologist. 
Said physician may treat alone or may send the 
patient back with a biopsy-proven diagnosis and 
request a limited, Mohs-controlled excision. The 
patient is best served when the otologist works in 
tandem with these colleagues. 

Far less frequently, advanced cancers of the 
auricle may occur as part of an aggressive picture 
of skin cancer, especially squamous cell carci- 
noma of high grade. Conversely, slowly growing 
malignancies such as basal cell cancer may per- 
sist for years before the patient seeks help. In this 
small number of cases, the auricle and/or skin of 
the EAC must be partially or completely resected, 
possibly with a neck dissection, possibly with a 
lateral temporal bone resection, and the wound 
closed with local, pedicled, or free vascularized 
flaps. The extent of the disease by clinical exami- 
nation, radiographic examination, and _histo- 
pathologic margins will determine the extent 
of the dissection. Surveillance and local control 
may help to avoid these more advanced cases. 


The reader is referred to Chapter 147 
Neoplasms of the Ear and Lateral Skull Base by 
Bradley P. Pickett MD. 


B. Lesions of the EAC 
1. Keratosis obturans 


This is an acute upon chronic condition of the exter- 
nal ear in which the EAC is plugged by an accumu- 
lation of dense, inspissated keratin debris leading 
to secondary, acute infection, swelling, pain, and 
hearing loss. In very advanced cases, in response 
to chronic irritation and infection, the normal thin 
architecture of the squamous epithelium lining the 
canal may become lichenified (heaped up) and both 
plugged by dense debris and secondarily stenotic. 
The typical patient with this problem is elderly, 
often in a nursing home in which care of the ear 
is neglected. If and when the ear becomes acutely 
infected, the patient will be brought to the otologist. 
It is important to distinguish this entity, if possible, 
from AOE, osteomyelitis of the skull base, and other 
plausible conditions. The history usually yields the 
answer, if it can be accurately obtained. 

These ears are tough to treat, in large measure 
because of pain, but will usually respond well to 
careful, thorough cleaning. Adding yet another 
drop or oral antibiotic and discharging the patient 
back to his or her home is not the way to treat 
this problem. Cleaning should be done carefully, 
slowly, and thoroughly, under a microscopic vision 
in the office, rarely in the operating room, very 
rarely under general anesthesia. These ears are 
exquisitely painful to clean, and thus, pain must 
be eliminated prior to aural toilet. The patient may 
require a four-quadrant block of the EAC with local 
anesthesia. Most patients will allow the ear to be 
cleansed in the office. There is usually an “onion 
skin” appearance to the epithelial debris for it has 
been collecting for many months to years. Although 
the diagnosis is apparent with gross inspection, 
material should be sent for pathologic examination 
to assure that this is keratin debris and nothing 
else. The physician may not be able to completely 
clean the ear in one sitting and may have to bring 
the patient back for several sessions with the ear 
medicated with an appropriate acidifying solution 
between visits. 

The important difference between this and other 
similar conditions such as cholesteatoma of the 
EAC is that, once completely cleaned and topically 
medicated, the ear with keratosis obturans will often 
slowly and gradually revert back toward a healthy 
appearance. The change toward health may be quite 
remarkable once aural toilet commences. The incit- 
ing event of dense packing of squamous debris and 
superinfection has been cured and the ear can now 
resume a more normal appearance. This does not 


happen with external ear cholesteatoma. Prevention 
of reoccurrence is via appropriate ototopic therapy 
and routine office-based debridement. 

. External auditory canal cholesteatoma (EACC) 

This is a cyst of squamous debris found in the EAC. 
It has many features in common with primary 
acquired cholesteatoma: an active matrix that elabo- 
rates keratin debris. It may locally erode bone and 
soft tissue. Unlike keratosis obturans, it does not 
revert back toward a normal state once obstruction 
and local infection have been relieved and treated. 
There may be an antecedent history of trauma, 
prior otologic surgery, acquired stenosis, or chronic 
inflammation, but most patients have no identifi- 
able cause. The tympanic ring, especially its anterior 
and inferior aspects is a favored site for EACC. The 
patient may initially present with otologic com- 
plaints due to blockage by keratin debris: hearing 
loss, fullness, symptoms of infection, rarely dizzi- 
ness or vertigo, and most rarely involvement of the 
facial nerve. 

An edge-enhanced CT of the temporal bones 
reveals features of cholesteatoma with bony ero- 
sion and scalloped edges. It is usually a localized 
disease process, often unilateral, bilateral in fewer 
patients. Depending upon the site and size of the 
EACC, the hearing may be normal, the hearing loss 
of a conductive or mixed nature, or if there has been 
violation of the otic capsule, anacusis. Facial nerve 
involvement is rare. 

The mainstay of treatment is routine office-based 
debridement, advice to the patient about water pre- 
cautions, and the judicious use of acidifying drops 
and/or powders as needed. If the EACC becomes 
obstructed, rendering the ear difficult to clean, lim- 
ited localized surgery including meatoplasty may be 
indicated to facilitate aural toilet. Surgery to eradi- 
cate all foci of cholesteatoma has proven of little 
value, and hence, EACC, unlike primary and second- 
ary cholesteatoma of the middle ear and mastoid, 
is managed medically and not surgically. There is 
really very little need for surgery in even the most 
advanced cases (32). 

The surgeon must also have a careful mental 
roadmap of the problem with microscopic detail. 
This may be facilitated by CT imaging, but there is 
no substitute for careful microscopic evaluation. 
In very advanced cases, the jugular bulb, tympanic 
facial nerve, and structures of the otic capsule may 
be exposed. Extreme caution must be used in deal- 
ing with these most delicate structures. 

Softening the squamous debris at home for sev- 
eral days with an organic solvent (baby oil, olive 
oil, docusate, etc.) prior to scheduled office debride- 
ment will greatly facilitate cleaning. If inner ear 
structures of the vestibular labyrinth have been 
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exposed, the patient may experience precipitous 
and violent vertigo due to the caloric effect of the 
suction. It is best to manually debride the ear in the 
supine position under the microscope, using small 
tools such as a cerumen loop, round knife, and alli- 
gator forceps, and to use a minimal amount of suc- 
tion just at the end of the cleaning. The occasional 
patient may bring in a hair dryer to warm the ear 
prior to suctioning. Because the need to clean may 
be as often as every 3 to 4 months, the physician 
and patient must work together to achieve the best 
system that will keep the erosive potential of EACC 
in check and cause the least amount of discomfort 
to the patient. 

It is important to be aware of developmen- 
tal defects in the formation of the tympanic ring, 
which may lead to chronic irritation, weeping, and 
the collection of keratin debris, mimicking choles- 
teatoma of the EAC and other entities. A persistent 
foramen tympanicum, or foramen of Huschke, is an 
anatomic variation of the tympanic portion of the 
temporal bone due to a defect in normal ossifica- 
tion of the tympanic ring during the first 5 years of 
life (33). It is not a true foramen because no neu- 
rovascular structures traverse it, but it is a defect 
of tympanic bone ossification due to abnormal 
mechanical forces during early postnatal life or due 
to genetic factors, thus far undefined. It is located at 
the anteroinferior aspect of the EAC, posteromedial 
to the temporomandibular joint (TMJ). From retro- 
spective radiographic series, it has been estimated 
to occur in 4.6% (33) to 9.1% (34) of individuals, 
depending upon the method of study and inclusion 
criteria, with an average dimension of 4.2 mm in 
the axial plane and 3.6 mm in the sagittal plane. 
A slight female preponderance was found in one 
study. 

The persistent foramen tympanicum or foramen 
of Huschke should be kept in the differential diag- 
nosis in cases of refractory chronic otitis externa and 
especially cholesteatoma of the EAC. It may predis- 
pose the patient to injury of the EAC, TM, middle 
ear cleft, etc., during TMJ arthroscopy and may facil- 
itate spread of infection or tumor from the EAC into 
the infratemporal fossa and vice versa. 

CT of the temporal bone performed at thin inter- 
vals (0.6-mm section thickness, 0.3-mm_ section 
increment) with an ultra-high-resolution filter will 
best image this entity if it is present. 


. Cerumen impaction 


The subject of wax impaction may seem banal, but 
few other conditions in our specialty can be rem- 
edied within a single office visit to the tremendous 
relief and satisfaction of the patient. Many patients 
with wax impactions will present with hearing 
loss, fullness, tinnitus, autophony, and rarely with 
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imbalance or vertigo. The history and physical 
exam including tuning fork testing will usually con- 
firm the diagnosis and exclude other causes. Most 
patients will admit to using cotton squabs and other 
foreign bodies in the EAC. Patients wearing tightly 
fitting hearing aid molds or other ear pieces may 
be predisposed to wax impaction. The care for and 
prevention of wax impaction, however nonglamor- 
ous, is fundamental to what we do, and one should 
develop a reliable method to care for this most com- 
mon problem. 

Realizing that the ear is exquisitely sensitive, 
especially an erstwhile normal EAC now impacted 
with wax, the physician must treat carefully, cau- 
tiously, slowly, and with reassurance. Patients can 
tolerate many manipulations of the ear if what will 
be done is explained to them and is done slowly. 
A few extra seconds of counsel and reassurance are 
well worth the effort. 

A few basics: 

a. Place the patient in a comfortable position. This 
may vary from sitting upmost to lying flat in a 
recumbent position. One should anticipate a vaso- 
vagal response and be prepared to treat it immedi- 
ately as it may occur with any instrumentation of 
the EAC, just as for the treatment of epistaxis. An 
ounce of prevention is worth a pound of cure. 


b. Use a microscope, not a handheld otoscope. It is 


amazing that many physicians will use advanced 
fiberoptic imaging techniques for the nasophar- 
ynx and larynx but will attempt to remove a 
cerumen impaction without a microscope. This 
defies logic. 

c. Explain what one intends to do: either with curet- 
tage or suction, using the microscope. If suction 
is to be used, the patient must be warned that he 
or she may experience momentary vertigo due to 
the caloric effect. Anticipate nausea and/or vom- 
iting. Reassure the patient that if the cleaning 
becomes painful, the physician will stop and do 
so if the patient so indicates. 

d. Use reasonable techniques for a reasonable 
length of time. Procedures to the ear performed 
slowly are usually tolerated better than anything 
done quickly. Do not rush in cleaning: In the 
long run, it will save time to use caution and to 
proceed slowly. If the patient is tolerating the 
cleaning well, proceed until everything has been 
cleaned. It may happen quickly and the acute 
problem solved. Other patients may require soft- 
ening with mineral oil and/or 3% hydrogen per- 
oxide, allowing the organic solvent to work for a 
few minutes while the patient next door is exam- 
ined. Returning to the first patient, the impaction 
may now have softened enough to be removed, 
usually with suction. 


e. Avoid blind, forceful irrigation. In our age of liti- 
gation, an iatrogenic perforation of the TM due 
to forceful ear washing is by and large a plaintiff's 
verdict. Happily, this is becoming a rare event. It 
is simply not worth the risk of iatrogenic injury 
for wax. Most but not all patients can be care- 
fully and thoroughly cleaned in one office set- 
ting. Patience, softening, and recurrent attempts 
to clean as described above will usually be suc- 
cessful. 

f. Have gelfoam and alligator forceps readily avail- 
able. It is not uncommon that either the physi- 
cian or the hard, impacted wax may abrade the 
EAC as it is removed. Bleeding may ensue and 
this may be cumbersome if the patient is on any 
type of anticoagulation therapy such as aspirin 
or warfarin. Topical astringents such as AgNO, 
or 20% phenol or trichloroacetic acid may be 
used, but an equally effective way to control 
bleeding is with a few small “dots” of gelfoam 
strategically placed. It is very bad form to send a 
patient from one’s office with a profusely bleed- 
ing EAC. 

The patient who walks into the office with a 
mild impaction is quite different than the patient 
brought in from a nursing home a great distance 
away by a relative or friend with a quality of life 
change now causing a mixed hearing loss due 
to wax. The former is of course bothered by the 
problem, but the latter is incapacitated in terms 
of communication. 

All reasonable attempts should be made to 
thoroughly clean wax impactions in one office visit. 

After the ears have been cleaned, inspect all 
parts of the TM to look for other signs of disease, 
such as a perforation or attic retraction cholestea- 
toma. If the ear has been cleaned carefully under 
microscopic visualization, it is highly unlikely 
that a perforation now visualized after debride- 
ment was due to the MD’s manipulations. 

Patients should be counseled to avoid plac- 
ing any foreign body into the ear to clean it. 
Doing so invites not only wax impaction but 
also trauma and subsequent infection to the 
EAC, TM, and structures of the middle ear cleft 
because it is done blindly. A weekly rinse of 3% 
hydrogen peroxide or an acidifying drop may 
help the ear to cleanse itself. However, a small 
group of patients produce either so much wax 
or wax with such sticky viscosity that nothing 
other than manual debridement at regular inter- 
vals will suffice. Ten minutes in this MD’s office 
every 6 to 12 months is well worth it. Few other 
patients we treat will have such an immediate 
benefit from our ministrations than those with 
wax impaction. 


4. Foreign body 


Foreign bodies (FB) in the EAC may be classified 

into “living” and “nonliving” (organic or inor- 

ganic). Several broad principles must be observed in 
treating a patient with a suspected or known foreign 
body, all based upon common sense: 

a. For young children, “if one foreign body, there 
may be two or three.” Check the nose in addition 
to the ears. 

b. Living foreign bodies (usually insects) must be 
killed and then removed. The patient is usually 
quite bothered by the beating of an insect’s wings 
or other movement. This is silenced with lido- 
caine or mineral oil. 

c. Batteries and acid-eluting foreign bodies must 
be removed as soon as possible because they 
may cause extensive chemical burns to the EAC. 
This is a rather urgent otologic situation and the 
patient should be treated in the office or O.R. 
without delay. 

d. Hygroscopic means “takes on water.” Thus, it is 
unwise to try to irrigate out foreign objects such 
as beans or bugs as this may make the FB swell 
and compound the problem. 

e. The ear is exquisitely sensitive. If the patient is not 
tolerating pain, this must be controlled lest the 
patient suddenly move during extraction of the 
FB with possible injury to underlying structures 
such as the TM and the ossicular chain. For the 
uncooperative or hysterical patient, five minutes 
of general anesthesia is well worth the discom- 
fort of having a swollen, impacted foreign body 
removed without anesthesia. 

f. In a very cooperative child, one may attempt to 
remove the foreign body from the EAC(s) and, 
if successful, have a quick look at the nose and 
mouth to assure that no other foreign body is 
present. This is usually wishful thinking and the 
child must be prepared and taken to the O.R. 

g. Only an experienced MD should attempt to 
remove any foreign body from the EAC, and it 
should be done with magnification. Many dif- 
ferent instruments are ordinarily available to 
retrieve FBs in the office. If they are not, the 
patient should be taken to the operating room or 
referred to an MD with the requisite tools to care 
for the FB. 

h. A reasonable attempt to establish audition in the 
ear in question with at least a tuning fork test 
should be done prior to the removal of a densely 
impacted foreign body. 

. Furuncle 

(See “Infections of the External Ear.”) 

. Aural polyp 

Polyps are soft tissue masses, usually circumscribed, 

glistening, and often obstructing the EAC. An aural 
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polyp may be thought of as a flag: an indicator of 
underlying disease such as chronic otitis media or 
cholesteatoma with concomitant inflammation. The 
polyp usually arises from the middle ear mucosa 
(respiratory epithelium) but may arise directly from 
the TM as a reaction to a foreign body such as a ven- 
tilation tube. 

An aural polyp is often a physical obstruction 
to local medical treatment of disease in the EAC. 
Polyps may be treated in several ways: locally with 
astringents such as AgNO,, trichloroacetic acid, and 
20% phenol to reduce the mass of the polyp or 
by removal. Astringents tend to work well because 
of the myxedematous nature of polyps: They are 
inflammatory tissue and contain a lot of water. 
Reducing this fraction alone will shrink the mass 
and allow topical therapy to start working. 

Removal of an aural polyp must be done with 
caution. The surgeon should have a clear idea of the 
most likely site of origin: a perforation, a cholestea- 
toma, or a foreign body reaction to a tube. If there 
is any suspicion that the polyp could be attached 
to a deeper structure, such as the facial nerve, the 
stapes footplate, and a dehiscence of the vestibu- 
lar labyrinth, or that it could in fact not by a polyp 
and instead a herniation of meninges and/or brain 
(meningoencephalocele, encephalocele), it should 
be left alone until definitive radiologic studies, CT 
and/ or MRI + contrast, will more precisely define 
the anatomic site of origin. 

The polyp, once grasped with an appropriately 
sized instrument, should be “smeared” and never 
forcefully “yanked” or otherwise forcibly removed 
from the ear. An inflammatory polyp will easily 
yield to gentle manipulation. Another underlying 
disease process may be more resistant and should 
never be removed with force. 

All material removed from the body must be 
sent for pathologic examination and an aural polyp 
is no exception. Although the tissue removed may 
have all of the gross features of a polyp, only prop- 
erly stained and examined material will definitely 
identify an inflammatory polyp and exclude other 
entities such as glial, brain, and cancer tissue. It is 
simply indefensible that cancer or anything other 
than an inflammatory polyp be missed because tis- 
sue was not sent for pathologic examination. 


. Dermatologic conditions of the EAC 


The EAC may be thought of as a blind pouch lined 
with skin. There are several differences between the 
skin of the EAC and skin elsewhere in the body. 
Specialized systems such as the apopilosebaceous 
unit and ceruminous glands are present in the skin 
of the EAC but not elsewhere. The EAC is thus sus- 
ceptible to many of the dermatologic processes 
found elsewhere in the body. Nuanced dermatologic 
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descriptions aside, much of what otologists treat 
may be generally classified as chronic otitis externa. 
The EAC may manifest purely local problems such 
as contact dermatitis and neurodermatitis (lichen 
simplex chronicus). The EAC may also manifest sys- 
temic conditions such as psoriasis, eczema, atopic 
dermatitis, seborrheic dermatitis, acne vulgaris, and 
sarcoidosis. 

Patients typically present with itching, serous or 
mucous drainage, fullness, and hearing loss. The 
history is a key feature toward a correct diagnosis. 
Both ears must be given careful scrutiny under the 
microscope. The physician will often see a similar 
state in the EAC for many dermatologic conditions: 
very dry skin and signs of mechanical excoriation. 
The patient may present with an AOE. The “good” 
ear (if it is quiescent) will often “tell the story.” The 
baseline problem is that the skin is too dry, lead- 
ing to pruritus, scratching, and violation of the skin 
and its lymphatics with the resultant perfect setup 
for AOE: warm, moist, and dark—just what bacteria 
and fungi need for growth. This set of otologic prob- 
lems is cyclical. The baseline is “too dry,” but acute 
exacerbations may cause the ear to become moist 
and acutely infected. 

As the adage goes: “If too moist, dry it; if too 
dry, moisten it.” It is a fine tuning especially true 
in ladies who are taking oral birth control medi- 
ations with resultant fluctuation in hormonal 
homeostasis. 

Drops do not stay as drops forever. Eventually, 
they become the residue of the drop and the liquid 
into which the active ingredient of the drop was dis- 
solved. Hence, drops add fluid and often water to the 
ear: again, just what bacteria and fungi need to grow. 
Desiccating powders are often a better choice in the 
acutely infected, moist ear. Once the ear has reached 
its “baseline” (check the “good” ear), gentle moist- 
ening with steroid oils (e.g., fluocinalone 0.01% oil, 
prednisolone forte 1% ophthalmologic solution) or 
creams/ointments (triamcinolone 0.025%) once or 
twice a week may maintain the ear. The patient must 
be cautioned not to instrument the ear. 

Unfortunately, chronic otitis externa is poorly 
understood by most general physicians and also 
by many otolaryngologists. The typical patient has 
been treated with several different drops in the hope 
that finding “the perfect drop” will solve the prob- 
lem. This of course is illusive. Ultimately, there is no 
cure for many of these conditions, but care of acute 
exacerbations and the judicious use of steroids will 
go a long way to help care for the patient. 


. Bacterial and fungal otitis externa (see “Infections of 


the External Ear.”) 


. Osteomyelitis of the skull base (see “Infections of the 


External Ear.”) 


10. 


Osteoma and exostoses of the EAC 

Osteoma(s) (Fig. 146.8) of the EAC are true neo- 
plasms, often unilateral, solitary, pedunculated, 
and not related to cold water or air exposure. They 
usually occur at the tympanosquamous suture line 


Figure 146.8 A: Coronal section of a right ear showing a single 
stalk of an osteoma. B: Axial view of left ear showing a single stalk 
of an osteoma. C: Sagittal section of a right ear showing a single 
stalk of an osteoma. Figure courtesy of Robert K. Jackler MD. 


and are found more lateral than exostoses. A soli- 
tary, large osteoma may fill a good portion of the 
EAC, causing all of the problems of advanced exos- 
toses. On CTI, the osteoma may be more heteroge- 
neous with areas of cancellous bone, less dense than 
an exostosis. There is usually a stalk leading to the 
osteoma that can be seen under microscopic exam 
or on CT. 

Exostoses (Figs. 146.9 to 146.11) of the EAC are 
acquired, benign, broad-based growths of bone 
occurring within the EAC found most often near 
the tympanomastoid or tympanosquamous suture 
lines. They are often bilateral with one ear more 
advanced than the other. Exostoses are not true 
neoplasms. They are bony calluses or hyperostoses 
arising from the tympanic ring. They typically do 
not have a stalk. The presumed pathophysiology is 
refrigeration osteitis, the effect of chronic cold water 
or air to the bone of the EAC in activities such as 
swimming, surfing, skiing, or boating (35). Many 
but not all patients with exostoses will have a cor- 
roborating history. 

If the one or several bony lesions are small and most 
of the TM is clearly visible, the ear is observed. There are 
several reasons to shave down an exostosis or to remove 
an osteoma: 


1. Recurrent infections of the EAC. Trapped squamous 
debris and wax will become a nidus of recurrent EAC 
infections, and the obstruction should be removed. 

2. Conductive hearing loss due to wax/debris impaction. 
With severe obstruction(s), even a small amount of wax 
and debris will cause conductive hearing loss. 

3. The usual bony and soft tissue landmarks are becoming 
lost. It is not wise to wait this long because the surgeon 
must rely upon landmarks of the EAC to perform the 
surgery. 

4. To allow a patient to be properly fitted with a hearing 
aid 

Exostoses may occur along with other conditions, for 
example, otosclerosis. If the exostoses are too large to 
allow for the usual transcanal approach, the ear with the 
greater hearing loss should have the exostoses removed, be 
allowed to heal, the hearing retested, and then the stape- 
dectomy performed. 

All patients being considered for surgery must have a 
formal hearing test and an edge-enhanced, noncontrast CT 
of the temporal bones to look for landmarks around the 
bony lesion(s): the TM, the middle ear and ossicular chain, 
and the tympanic and vertical course of the facial nerve. 
The surgeon should have a very good idea in the preopera- 
tive preparation not only of what the ear looks like under 
the microscope but what radiologic landmarks will help to 
guide the dissection. 

Surgery may be done through the EAC or through a 
postauricular approach. The important word is to “shave” 
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Figure 146.9 A: Coronal section of a right ear showing multiple 
growth centers of exostoses. B: Axial view of left ear showing mul- 
tiple growth centers of exostoses. C: Sagittal section of a right ear 
showing multiple growth centers of exostoses. Figure courtesy of 
Robert K. Jackler MD. 


the exostosis(es) carefully. Exostoses do not develop in 
a month. By the time the patient requires surgery, these 
lesions have been present for many years if not many 
decades. It is highly unlikely that they will grow back any 
quicker the second time than the first. Hence, there is no 
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Figure 146.10 Right axial temporal bone CT showing exostoses. 


need to “go for broke” and try to remove every millime- 
ter of neo-ossification. A reasonable goal is to be able to 
see most of the perimeter of the TM and to know that the 
EAC, after it heals, will be large enough to hold an ITC (in 
the canal) hearing aid mold. Because of the proximity of 
the vertical facial nerve and of the TM, nothing more than 
shaving the bone need be done. Certainly the tympanic 
ring does not need to be “overcorrected.” It is wise to per- 
form this surgery under general anesthesia and to monitor 
the facial nerve with an EMG needle system. The preven- 
tion of an iatrogenic facial nerve injury is worth any and 
every surgical and monitoring precaution. 

In extremely rare cases in which all landmarks have been 
lost, it is best to stay “high and anterior,” that is, where 
the facial nerve would be unlikely to be found, to find a 
known landmark such as the TM and then to proceed. 
Approaching from behind with the vascular strip retracted 
with a Penrose drain or another suitable retractor may also 
provide landmark clues. It is usually not necessary to per- 
form a mastoidectomy for landmarks. There are usually 
enough landmarks in the EAC available for the surgeon. 

The surgical technique for the removal of an osteoma 
is somewhat more straightforward and simple than for 
exostoses. The lesion is ordinarily removed via a trans- 
canal approach, but a postauricular approach may be 
required for extremely large osteoma. Because there is 


Figure 146.11 Left coronal temporal bone CT showing exostoses. 


ordinarily a stalk leading to the osteoma, it can be tapped 
with a 2- to 4-mm nasal osteotome and the osteoma 
delivered. The remaining stalk can be shaved down with 
a diamond burr. The remainder of the care is the same as 
with exostoses. 

Although the patient is ordinarily consented for a split- 
thickness skin graft, this is almost never necessary due the 
redundancy of skin over the exostoses or osteoma. The skin 
of the EAC is incised in a horizontal fashion around the 
midpoint of the lesion(s) with a round knife or similar 
instrument and the skin is “window-shaded” fore and aft 
away from the bony growth, which is then shaved with an 
appropriately sized diamond burr or tapped out with an 
osteotome. Once the bony growths have been reduced and 
the TM easily seen, the remaining skin is placed back flat, 
trimmed if necessary, and the EAC is packed for about 3 to 
4 weeks. (One hint to help prevent the ingrowth of soft tis- 
sue into packing material is to line the whole canal with a 
sleeve of moistened gelfilm or very thin silastic and then to 
pack the ear.) The patient must be advised that the ear will 
take about 6 to 8 weeks to heal properly. It is extremely rare 
to have to revise this type of surgery if it is done carefully 
and conservatively. 


CONCLUSION 


With a thorough knowledge of the normal embryology, 
anatomy, and physiology of the external ear, together 
with an understanding of the natural history of the vari- 
ous common disease processes that occur in this location, 
treatment of the patient with external ear disease becomes 
logical. However, it is not always easy. Most conditions 
can be managed with the recommendations outlined in 
this chapter. There is no substitute for patience and thor- 
oughness. 


m An understanding of the various disease entities 
occurring in the external ear is predicated on a 
knowledge of the embryology, anatomy, and physi- 
ology of the canal. 

m Infection and blockage of the apopilosebaceous 
unit are the precursors of infectious otitis externa. 

m= Otitis externa presents as a spectrum of disease 
and may be classified into preinflammatory, acute 
inflammatory, and chronic inflammatory stages. 

m= Four principles form the basis of treatment for all 
stages of infection of the external ear: thorough 
cleaning, antibiotic therapy, control of inflamma- 
tion and pain, and recommendations to prevent 
infection. Of these, the first is the cornerstone of 
therapy. 


Recalcitrant and recurrent otitis externa must be 
treated aggressively with daily local care and antibi- 
otics, often in the hospital. Patience and thorough- 
ness are needed for successful treatment. 

Surgery is rarely indicated for infections of the exter- 
nal canal but may be required to reverse the natural 
course of chronic disease. 

NEO is a disease occurring in immunosuppressed 
patients. It must enter the differential diagnosis of 
any patient with nonresolving acute external otitis. 
There are four hallmarks of NEO: persistent otalgia; 
persistent otorrhea and granulation tissue; diabetes 
mellitus, advanced age, or immunocompromised 
state; and cranial nerve involvement. 

NEO must be treated aggressively with proper 
radiographic imaging to map the extent of disease, 
meticulous local care control of diabetes or immu- 
nodeficiency (when possible), and antibiotics. 
Surgery is rarely required. Mortality remains signifi- 
cant with cranial nerve involvement. 

Many infectious and inflammatory conditions 
related to external otitis occur in the ear. Therapy is 
based on treatment of the underlying condition. 
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Neoplasms of the Ear and 
Lateral Skull Base 


Bradley P. Pickett Brianna K. Crawley 


This chapter provides an overview of neoplasms that affect 
the temporal bone and the external ear. These neoplasms 
can be classified on the basis of their location or by their 
cell of origin. Classification based on location offers a rela- 
tively straightforward outline of tumor types that is use- 
ful in the differential diagnosis (Table 147.1, Fig. 147.1). 
Neoplasms of the pinna, the external auditory canal, the 
middle ear and mastoid, the temporal bone, and the cer- 
ebellopontine angle are discussed in this context. When 
extensive neoplasms occupy more than one anatomic 
location, however, or when the same pathology arises in 
more than one location, classification based solely on 
the site of origin of the neoplasm becomes confusing. In 
these instances, it is more appropriate to classify tumors 
based on the cell type that gives rise to the neoplasm. 
Paragangliomas and hemangiomas are examples of this 
type of neoplasm. Because a detailed discussion of each 
neoplasm is beyond the scope of this chapter, the reader 
is encouraged to examine the recommended readings and 
references. It should be borne in mind that the causes of 
neoplasms of the temporal bone and the external ear are in 
most instances unknown. Therefore, the growth patterns of 
neoplasms, the prognosis for individuals affected by them, 
and current modes of surgical and medical therapy are the 
principal areas of concern in this chapter. 


Paraganglioma 


Paragangliomas are the most common true neoplasm 
of the middle ear and are considered the most frequent 
pathologic condition involving the jugular foramen. 
Paragangliomas are generally slow-growing, benign neo- 
plasms with an interval between initial symptoms and 
diagnosis measured in years, and an estimated doubling 
time of 4.2 years. The growth patterns of temporal bone 
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paragangliomas often follow the path of least resistance 
and are therefore greatly influenced by the site of tumor 
origin and regional anatomy. Paragangliomas that origi- 
nate in the middle ear are termed glomus tympanicum 
tumors. Paragangliomas that originate in association in the 
jugular fossa are termed glomus jugulare tumors. Clinical 
manifestations are related to tumor extent and vascularity, 
as are treatment options. 

Paragangliomas of the temporal bone arise from glomus 
bodies occupying the adventitia of the jugular bulb, along 
the course of the tympanic branch of the glossopharyngeal 
nerve (Jacobson nerve) or the auricular branch of the vagus 
nerve (Arnold nerve). Glomus bodies are groups of che- 
moreceptor cells belonging to the diffuse neuroendocrine 
system that are found in collections within the jugular fora- 
men and middle ear, carotid bodies, the adrenal medulla, 
and along the aorta and vagus nerve. Histologically, they 
are identical to the carotid body and are similar to the 
autonomic ganglia of the adrenal medulla. Glomus bod- 
ies consist of clusters of chief cells supplied by a network 
of arterioles, venules, and both afferent and efferent nerve 
terminals. They are of neural crest derivation, migrating 
during embryogenesis to concentrate around autonomic 
ganglia. They are more accurately referred to as paragan- 
glia, because they appear to play a role as neuromodulators 
or monitors of vascular activity. Chief cells have neurose- 
cretory granules that contain norepinephrine, dopamine, 
and epinephrine, suggesting that the release of granule 
contents into the vascular system helps to regulate cardio- 
respiratory function, modify local blood distribution, and 
maintain thermoregulation. Unlike the carotid body and 
the adrenal medulla, however, paraganglia of the temporal 
bone play an uncertain role in these neuroendocrine func- 
tions. Paraganglia of the temporal bone are distinguished 
from other components of the diffuse neuroendocrine sys- 
tem, such as the adrenal medulla, by their lack of affinity 
for chromium salts used in certain histologic stains. They 
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Neoplasms of cell-specific origin 
Paraganglioma 
Glomus tympanicum 
Glomus jugulare 
Epidermoid 
External auditory canal and middle ear (cholesteatoma) 
Internal auditory canal, petrous apex, and cerebellopontine angle 
Vascular neoplasm 
Hemangioma 
Hemangiopericytoma 
Hematologic malignancy 
Lymphoma 
Plasmacytoma 
Leukemia 
Neoplasms of the pinna and external auditory canal 
Cutaneous carcinoma 
Squamous cell carcinoma 
Basal cell carcinoma 
Malignant melanoma 
Glandular neoplasm 
Ceruminous adenoma 
Ceruminous adenocarcinoma 
Pleomorphic adenoma 
Adenoid cystic carcinoma 
Osteoma and exostosis 
Miscellaneous neoplasm 
Merkel cell carcinoma 
Squamous papilloma 
Pilomatrixoma 
Myxoma 
Auricular endochondral pseudocyst 
Chondrodermatitis nodularis chronica helicis (Winkler disease) 
Neoplasms of the middle ear, mastoid, and temporal bone 
Adenomatous neoplasm 
Benign middle ear adenoma 
Endolymphatic sac tumor 
Langerhans cell histiocytosis 
Eosinophilic granuloma 
Hand-Schuller-Christian disease 
Letterer-Siwe disease 
Sarcoma 
Rhabdomyosarcoma 
Chondrosarcoma 
Ewing sarcoma 
Osteogenic sarcoma 
Fibrosarcoma 
Chordoma 
Congenital neoplasm 
Dermoid 
Teratoma 
Choristoma 
Cholesterol granuloma 
Neoplasms of the internal auditory canal and 
cerebellopontine angle 
Schwannoma 
Vestibular schwannoma 
Facial nerve schwannoma 
Trigeminal schwannoma 
Jugular foramen schwannoma 
Meningioma 
Lipoma 
Metastases 
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are therefore categorized as nonchromaffin paraganglia. 
Adult temporal bones usually have only two or three para- 
ganglia, but on occasion, there may be more, particularly 
during the fifth decade of life. Most paraganglia of the 
temporal bone are found in the anterolateral region of 
the jugular fossa and within the middle ear. Neoplastic 
transformation of paraganglia can occur in either location, 
indicated by local tumor invasion or metastatic spread. 
Metastases of head and neck paraganglioma are uncom- 
mon and are more frequently associated with non-carotid 
body paragangliomas of the head and neck. They occur in 
only 0.016% cases of paragangliomas and are most often 
found in the cervical lymph nodes, followed by lungs, liver, 
spleen, and bone (1). 

Paragangliomas represent 0.6% of all head and neck 
tumors, with a reported incidence range of 1 in 30,000 to 
100,000. They occur more frequently on the left side, and 
females are affected by paragangliomas more frequently 
than males, 4-6:1. Living at high altitude is also a risk factor. 
Although the peak incidence occurs during the fifth decade 
of life, paragangliomas may present from infancy to old age. 
Tumors that arise in very young patients should generate 
additional concern, because they tend to be more aggres- 
sive, are more commonly multifocal, and are more likely 
to secrete vasoactive substances (2). Approximately 5% to 
10% of patients with paragangliomas eventually present 
with multiple tumors, but when paragangliomas occur as 
a familial form of an autosomal dominant disorder (about 
10% of patients), multicentricity may occur in as many as 
78% (3). Mutations of loci encoding succinate dehydroge- 
nase have been implicated in the development of familial 
paragangliomas (4). Succinate dehydrogenase is an intracel- 
lular enzyme that plays a critical role in cellular energy pro- 
duction, and if the enzyme is inactive, succinate is allowed 
to accumulate, producing pseudohypoxic conditions that 
inhibit some neuroendocrine apoptotic factors. This may 
be the trigger that leads to proliferation of paraganglia. 

On gross examination, paragangliomas are deep red, 
firm, rubbery masses that bleed profusely upon manipula- 
tion. The histologic appearance of paraganglioma is dis- 
tinctive. Nests of argyrophilic chief cells, termed zellballen, 
are septated by a prominent fibrovascular stroma, though 
this characteristic appearance is occasionally not evident in 
temporal bone paragangliomas (Fig. 147.2). Unmyelinated 
nerve fibers may be identified, but they are scarce when 
compared with normal paraganglia. Nuclear pleomor- 
phism and hyperchromatism are prominent in chief cells 
but do not appear to indicate malignant growth. Electron 
microscopy reveals neurosecretory granules within chief 
cells that store catecholamines. Variable cranial nerve inva- 
sion may occur, a feature that has significance during surgi- 
cal removal of the tumor mass. 

Glomus tympanicum tumors usually originate on the 
promontory of the cochlea. As they grow, they follow 
the path of least resistance. First, the tumor enlarges to 
fill the middle ear and to envelope the ossicles. Patients 
present at this stage with conductive hearing loss and 
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Squamous cell carcinoma 
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Fibrous dysplasia 
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Sarcomas 


Middle ear and mastoid 
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Figure 147.1 Anatomy of the lateral skull base and common locations of neoplasms found in this 
region. AT, auriculotemporal nerve; CCA, common carotid artery; ECA, external carotid artery; FO, 
foramen ovale; IA, inferior alveolar nerve; ICA, internal carotid artery; IMA, internal maxillary artery; 
JF, jugular foramen; JV, jugular vein; L, labyrinth; Li, lingual nerve; MMA, middle meningeal artery; IX, 
glossopharyngeal nerve; X, vagus nerve; XI, accessory nerve; XII, hypoglossal nerve. 


pulsatile tinnitus caused by direct transmission of vascular 
pulsations from the highly vascularized tumor to the 
ossicles. Pulsatile tinnitus is the most common present- 
ing symptom for patients with temporal bone paragan- 
gliomas. Because glomus tympanicum tumors enlarge 
within the middle ear cavity, patients with these tumors 
generally present with pulsatile tinnitus at an earlier stage 


than patients with glomus jugulare tumors. The tympanic 
membrane often remains intact as a glomus tympanicum 
tumor grows, but the tumor may displace the membrane 
laterally. If tumor extends through the tympanic membrane 
into the external auditory canal, patients may present with 
otalgia or bloody otorrhea. As glomus tympanicum tumors 
enlarge further, they may extend into the mastoid antrum 
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Figure 147.2 Paraganglioma: Histologic section showing tumor 
cells organized into nests, termed zellballen, separated by fibro- 
vascular stroma. 


via the aditus ad antrum, into the facial recess, or into the 
retrofacial air cell tract. At this stage, the tympanic and mas- 
toid portions of the facial nerve may become involved with 
tumor. The tumor may grow anteriorly into the eustachian 
tube and inferiorly into the infralabyrinthine air cell tract. 
When the tumor causes bone erosion in the hypotympa- 
num, the jugular fossa or the vertical portion of the petrous 
carotid artery may be exposed. It is difficult to distinguish 
an extensive glomus tympanicum tumor of this kind from 
a glomus jugulare tumor. Patients with extensive tumors 
may present with multiple cranial nerve neuropathies. 

Glomus jugulare tumors arise in the jugular fossa and are 
usually large before patients become symptomatic. These 
are more likely to secrete catecholamines than the glomus 
tympanicum variety. Compression of neurovascular struc- 
tures in the jugular fossa and extension medially along the 
skull base to the hypoglossal canal can lead to cranial nerve 
neuropathies manifesting as dysphagia, dysphonia, aspira- 
tion, and dysarthria. Erosion of the jugular fossa anteri- 
orly and superiorly exposes the petrous carotid artery and 
allows tumor to invade the middle ear, causing conductive 
hearing loss and pulsatile tinnitus. Intracranial extension 
occurs when glomus tumors grow into the eustachian tube 
and extend into the peritubal air cell tract or follow the 
petrous carotid artery into the petrous apex, the cavern- 
ous sinus, and the middle cranial fossa, resulting in facial 
hypesthesia. Glomus jugulare tumors may involve the pos- 
terior cranial fossa when they extend medially along the 
skull base or through the infralabyrinthine air cell tract. 
A patient with extensive tumor that compresses the cere- 
bellum and the brainstem in the posterior fossa may pres- 
ent with ataxia and imbalance. 

Paragangliomas of the temporal bone can usually 
be diagnosed on the basis of findings on physical exam 
and characteristic features found on imaging studies. 
Otoscopic examination of a middle ear paraganglioma 
frequently demonstrates a reddish-blue pulsatile mass 
medial to the inferior tympanic membrane. Positive 
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pressure during pneumatic otoscopy causes blanching of 
the mass, a phenomenon known as the Brown sign. The 
pulsatile nature of the tumor can be diminished with 
ipsilateral carotid artery compression, a positive Aquino 
sign. Objective tinnitus may be apparent if auscultation 
over the mastoid or infra-auricular area reveals an audible 
bruit. When tumor extends through the tympanic mem- 
brane, otoscopic examination shows a hemorrhagic aural 
polyp. Tumors involving the jugular foramen can be iden- 
tified when lower cranial nerve palsies develop. Jugular 
foramen syndrome, also termed Vernet syndrome, arises 
when tumor growth affects cranial nerves IX, X, and XI and 
causes paresis or paralysis of the muscles innervated by 
these nerves. Villaret syndrome is a combination of jugular 
foramen syndrome with Horner syndrome in patients with 
more extensive disease. Patients with paragangliomas that 
erode the carotid canal and compromise the sympathetic 
plexus present with Horner syndrome (miosis, ptosis, 
anhidrosis, and enophthalmos). If facial nerve weakness 
or paralysis exists, it denotes extensive involvement of the 
middle ear and mastoid. Tuning fork tests or complete 
audiometric evaluation in these patients shows conductive 
hearing loss and on rare occasions sensorineural hearing 
loss. Ataxia or rostral cranial nerve palsies are disquieting 
signs that indicate involvement of the posterior cranial 
fossa or cavernous sinus. 

Although the chief cells of paragangliomas have neu- 
rosecretory granules that store catecholamines, only 1% 
to 3% of these tumors actively secrete norepinephrine. 
Catecholamines are much more likely to be secreted by 
glomus jugulare tumors than by glomus tympanicum 
tumors. Opinions vary regarding the need to screen for 
functionally active temporal bone paraganglioma, but all 
tumor patients who present with a history of flushing, fre- 
quent diarrhea, palpitations, headaches, poorly controlled 
hypertension, orthostasis, or excessive perspiration should 
have serum catecholamine levels measured and 24-hour 
collection of urine for analysis of vanillylmandelic acid 
and metanephrine. 

Diagnostic imaging studies provide essential informa- 
tion for the evaluation of patients with temporal bone 
paragangliomas. These studies reveal diagnostic facts and 
details about tumor extent and regional anatomy that are 
essential in planning surgery. High-resolution computed 
tomography (HRCT) of the temporal bone uses a thin- 
section bone algorithm and is usually the first imaging 
study ordered to evaluate a patient suspected of having 
a temporal bone paraganglioma. HRCT can identify the 
tumor origin accurately when the bony partition between 
the jugular fossa and the hypotympanum is intact. In this 
instance, a glomus jugulare tumor that erodes the jugu- 
lar fossa and involves lower cranial nerves can be distin- 
guished from a glomus tympanicum tumor that occupies 
the middle ear. Without this bony partition, it may be dif- 
ficult to identify the origin of a temporal bone paragan- 
glioma. Erosion of the caroticojugular spine that separates 
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Figure 147.3 Glomus jugulare. Axial CT showing classic bony 
erosion of the left jugular fossa and caroticojugular spine (black 
arrowheads). The tumor abuts the posterior aspect of the vertical 
petrous carotid artery (white arrowhead). 


the jugular bulb and the petrous carotid artery usually 
indicates a glomus jugulare tumor (Fig. 147.3). If the spine 
is eroded and the carotid canal is exposed, involvement 
of the petrous carotid artery is likely. HRCT also helps to 
identify other lesions that should be excluded, such as a 
dehiscent jugular bulb or an aberrant internal carotid 
artery. Obliteration of the fallopian canal indicates adher- 
ence of tumor to the facial nerve or invasion of the nerve by 
tumor. Multidetector CT angiography can diagnose glomus 
tumors with accuracy and offers information about feed- 
ing vessels, venous drainage, and jugular involvement (5). 
Intracranial extension can also be identified, but magnetic 
resonance imaging (MRI) is better than HRCT to evaluate 
the relationship between paraganglioma and adjacent soft 
tissue structures. MRI will not only identify intracranial 
extension, but images may help differentiate between intra- 
dural and extradural extension. MRI signal characteristics 
diagnostic for paragangliomas include vascular flow voids 
within the tumor, the so-called salt and pepper pattern. 
Pepper refers to the signal voids of large feeding arteries, 
and salt represents subacute hemorrhage within the tumor. 
Magnetic resonance angiography and magnetic resonance 
venography may demonstrate intraluminal involvement of 
the petrous carotid artery or occlusion of the jugular vein 
and sigmoid sinus. However, these studies are usually not 
useful for most large tumors as formal angiography will be 
necessary. MRI of the neck offers enough detail to screen 
for multicentric disease such as carotid body tumors or 
glomus vagale tumors, but other imaging modalities that 
exploit common features of neuroendocrine tissue may 
be useful in detecting tumors and recurrences. !3I-MIBG 
(metaiodobenzylguanidine) scintigraphy and (18)F-DOPA 


positron emission tomography can be used to detect active 
tumors, but somatostatin receptor scintigraphy is more 
reliable for paragangliomas of the head and neck (6). 

The principal therapeutic modality is complete surgical 
excision of the tumor. Secreting tumors must be treated with 
adjunctive a and B blockade. If surgical therapy is deemed 
appropriate, small tumors isolated to the promontory can 
be successfully removed via the transcanal or hypotympa- 
notomy approach. More advanced lesions of the middle 
ear and mastoid can be exposed with an extended facial 
recess approach through the mastoid. Large paragangliomas 
should be evaluated preoperatively with four-vessel angiog- 
raphy. Angiography is combined with embolization using 
polyvinyl alcohol or intravascular coils 1 or 2 days before 
surgery to decrease intraoperative blood loss, shorten dura- 
tion of the procedure, and reduce postoperative morbidity. 
Devascularization of the entire tumor is difficult, requiring 
embolization of each vascular pedicle, and may prove impos- 
sible in tumors with intracranial extension (7). Sacrifice of 
the internal carotid artery when invaded by tumor is seldom 
necessary, and thus, balloon occlusion studies are rarely per- 
formed in these patients. Instead, residual mural tumor and 
tumor that encases the internal carotid artery after subtotal 
resection is observed or treated with stereotactic radiation 
surgery (SRS). Glomus jugulare tumors are approached via 
transmastoid—transcervical exposure of the jugular bulb and 
jugular foramen. Large tumors require limited facial nerve 
rerouting or formal infratemporal fossa dissection through 
this approach. In some cases, more extensive temporal bone 
dissection is necessary to eradicate tumor that has spread 
to the petrous apex. This may necessitate removal of part or 
all of the labyrinth. Intracranial extension requires a com- 
bined neurosurgical-neurotologic procedure. Postoperative 
cranial nerve palsies are not uncommon, and some patients 
require follow-up care to assist with facial reanimation, 
deglutition, and phonation. Alternatives to surgical therapy 
for primary, recurrent, or persistent disease include exter- 
nal beam radiation therapy, intensity-modulated radiation 
therapy (IMRT), and SRS. Radiation has little effect on the 
primary tumor cells, the chief cells, but it causes obliterative 
endarteritis in tumor vessels that can stop tumor growth. 
One recent meta-analysis suggests that SRS provides better 
tumor control than surgery, with diminished risk to cranial 
nerves, but large tumors may require surgical debulking 
prior to radiosurgery (8). 


Epidermoid (Cholesteatoma) 


Epidermoids are soft tissue masses resulting from an 
aberrant accumulation of keratin debris within a sac of 
squamous epithelium. They are customarily classified as 
tumors though they are not strictly cellular growths and 
therefore not neoplastic. Epidermoids may result from 
squamous epithelial entrapment during embryogenesis, 
mucosal metaplasia, or, most commonly, with anoma- 
lous squamous epithelial migration or deposition. The 
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nomenclature used to describe these masses is determined 
based on site of origin and pathogenesis. As an exam- 
ple, masses that arise from congenital epithelial rests in 
the petrous apex, internal auditory canal, or cerebello- 
pontine angle are generally referred to as epidermoids. 
Cholesteatoma is the name for epidermoids resulting from 
the migration of tympanic membrane epithelial cells into 
the middle ear or from traumatic implantation deep to the 
skin of the external auditory canal. Congenital cholestea- 
toma, in contrast, usually refers to an epithelial sac in the 
middle ear arising from the entrapment of congenital epi- 
thelial rests during development. Despite diversity of ori- 
gin and location, all possess similar histology and growth 
potential. 

Middle ear cholesteatomas are generally divided into 
two types, congenital and acquired. Congenital middle ear 
cholesteatoma occurs in the presence of an intact tympanic 
membrane, exclusive of any history of otorrhea, prior 
otologic intervention, or previous perforation. Theories 
advanced to explain the origin of these lesions include 
invagination or implantation into the middle ear, muco- 
sal metaplasia, and epidermoid formation from retained 
epithelial cell rests. Though the debate persists, the latter is 
favored as the most likely. Histologic examination of fetal 
temporal bones has demonstrated epidermoid formation 
throughout the annular lateral wall region, not solely in 
the anterosuperior annular region of the tympanic cavity 
as previously described (9,10). Acquired cholesteatomas 
arise from the transposition of keratinizing squamous epi- 
thelium into the middle ear, epitympanum, or mastoid 
and are often associated with perforation or retraction of 
the tympanic membrane. These latter are by far the more 
common of the two, likely resulting from eustachian tube 
dysfunction or deficiencies in tympanic membrane struc- 
ture, or a combination. Together, these qualities promote 
formation of a retraction pocket in the tympanic mem- 
brane, trapping epithelial cells within and leading to the 
accumulation of keratin debris in the middle ear. Acquired 
aural cholesteatoma may extend to the petrous bone or to 
the cranial cavity, but most lesions of the petrous apex and 
the cerebellopontine angle are thought to be of congenital 
origin. Cholesteatoma of the external auditory canal could 
conceivably result from congenital rests of tissue trapped 
deep to the skin of the canal, but most canal wall choles- 
teatomas occur after traumatic implantation of epithelium 
subsequent to external trauma or otologic surgery. Patients 
with cholesteatoma of the middle ear and external audi- 
tory canal most often present with purulent otorrhea and 
conductive hearing loss, while patients with congenital 
cholesteatoma rarely present with otorrhea as the tym- 
panic membrane is usually intact. 

Epidermoids represent approximately 1% of all intra- 
cranial tumors, and most occur in the cerebellopontine 
angle. Squamous metaplasia within the temporal bone 
or intradural space has been proposed in the histogenesis 
of these lesions, but it is more likely that developmental 
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entrapment of squamous epithelium from the neural tube 
is the cause. As squamous epithelium located at the periph- 
ery of an epidermoid comprises its only viable proliferat- 
ing tissue, it grows very slowly in comparison with solid 
benign neoplasms of similar dimensions. Epidermoids 
enlarge by expanding to fill empty spaces such as the cer- 
ebellopontine angle, the internal auditory canal, or air cells 
that occupy the petrous apex. These masses are infiltrative, 
and they grow to a relatively large size before they begin to 
compress or displace adjacent structures, becoming clini- 
cally detectable. Additionally, epidermoids often incite a 
localized inflammatory reaction that causes the lining to 
become densely adherent to juxtaposed brainstem or cer- 
ebellum. Local neurovascular structures become enveloped 
by epidermoids instead of being displaced or compressed, 
and neurologic function may be altered when the vascular 
supply of a nerve is compromised by the infiltrative pro- 
cess. Most patients become symptomatic in a very gradual 
manner, their symptoms related to the location of the 
mass. Patients with internal auditory canal or cerebello- 
pontine angle epidermoids often present with imbalance 
and hearing loss akin to patients with vestibular schwan- 
noma. However, epidermoids are more likely than vestib- 
ular schwannoma to cause facial weakness or hemifacial 
spasm. Epidermoids are also more likely to compromise 
the trigeminal nerve causing diminished facial sensation or 
facial pain. Intracranial extension of these lesions may also 
manifest as diplopia or headache. 

All epidermoids and cholesteatomas exhibit a similar 
morphologic appearance. The friable lesions are either 
smooth and cystic with a round or oval appearance or 
nodular and irregular. The lining of the sac is usually white 
in color and spongy in consistency. Histologically, the 
cyst is lined with a benign keratinizing squamous epithe- 
lium consisting of three components: the sac or epithelial 
matrix, the perimatrix, and the contents of the cyst. Typical 
layers of squamous epithelium may be identified within 
the epithelial matrix. The contents of the cyst include 
fully differentiated laminated keratin. Acquired and con- 
genital lesions can often be distinguished histologically 
by the thicker matrix and more vigorous proliferation of 
inflammatory cells within the sac and at the periphery of 
acquired lesions. 

The diagnosis of cholesteatoma is usually made dur- 
ing otologic examination, while epidermoids are usually 
diagnosed with radiographic imaging studies. Congenital 
epidermoids are frequently identified as an asymptomatic 
mass in the anterosuperior quadrant of the middle ear. 
Patients with acquired disease have keratin debris, granu- 
lation polyps, or purulent material emanating from the 
mouth or opening of the sac. Clinical findings in patients 
with epidermoids include facial weakness or paralysis 
and sensorineural hearing loss when the lesion involves 
the internal auditory canal and/or the cerebellopontine 
angle. Facial hypesthesia and abducens nerve palsy occur 
when epidermoids invade the anterior petrous apex. 
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HRCT of the temporal bone in patients with epidermoid 
disease shows a well-defined homogeneous mass that 
occasionally contains areas of calcification or has eroded 
adjacent bony structures. MRI is diagnostic, revealing a 
well-circumscribed nonenhancing mass that has low sig- 
nal intensity on T1-weighted images, high signal intensity 
on T2-weighted images, and hyperintensity on diffusion- 
weighted image sequences. 

Management of cholesteatomas of the external auditory 
canal and middle ear is addressed in other chapters in this 
text. Optimal treatment of epidermoids of the skull base 
consists of total microsurgical resection. This often neces- 
sitates a posterior fossa or middle fossa craniotomy, but 
transtemporal approaches may be indicated, especially in 
patients with nonserviceable hearing in the ipsilateral ear. 
Because the capsule of the mass may be densely adherent 
to the brainstem or intracranial vascular structures, com- 
plete removal of skull base epidermoids is extremely dif- 
ficult or even impossible. Complete excision is achieved in 
only half of all patients with epidermoids, and additional 
postoperative cranial nerve deficits are discovered in most 
of these patients (11). Recurrence can be expected in at 
least 30% of patients when subtotal removal is carried out. 
Malignant transformation is very rare, and only 26 cases 
have been reported. 


Hemangioma and Hemangiopericytoma 


Hemangiomas are benign vascular proliferations that arise 
from capillaries, arterioles, or venules. They are classified 
according to the type of vessel from which they originate: 
capillary hemangioma, cavernous hemangioma, and venous 
hemangioma. It is unclear whether they represent true neo- 
plasms or hyperplastic growth of normal tissue occurring in 
an appropriate anatomic site. Hemangiomas are reported 
to occur in a variety of locations involving the external ear 
and lateral skull base, namely, the external auditory canal 
and tympanic membrane, the middle ear, the internal audi- 
tory canal, and the geniculate segment of the facial nerve. 
Tumors are spongy red or purple nodular masses. On 
microscopic examination, they show thin-walled vascular 
channels that contain blood and are small or intermedi- 
ate in size. These channels are not surrounded by an elastic 
or muscular layer. Clinical presentation varies depending 
on tumor location. Hemangiomas of the external auditory 
canal and tympanic membrane have been reported when 
patients present with mild conductive hearing loss and 
aural fullness. Patients with middle ear tumors are often 
asymptomatic, but they can also present with conductive 
hearing loss, aural fullness, and pulsatile tinnitus. Otologic 
examination reveals a vascular intratympanic mass that 
can be confused with a paraganglioma, an adenomatous 
tumor, or an aberrant vascular anatomy. Preoperatively, 
hemangiomas of the internal auditory canal may be dif- 
ficult to distinguish from vestibular schwannomas when 
patients present with unilateral sensorineural hearing loss. 


However, accompanying facial nerve dysfunction is more 
characteristic of hemangioma, even when tumors are small. 
CT imaging studies help to differentiate intracanalicular 
lesions when hemangiomas show calcium stippling, which 
is characteristic of an osseous hemangioma. On MRI, they 
are heterogeneously hyperintense. 

Geniculate hemangiomas are the most common tem- 
poral bone hemangioma and perhaps the most intrigu- 
ing. They consistently arise from the superior aspect of the 
geniculate ganglion, probably from vascular plexuses on 
the surface of the facial nerve, and extend into the floor of 
the middle cranial fossa. Even though the tumor is gener- 
ally extraneural, they sometimes infiltrate the nerve or are 
associated with a localized inflammatory response that 
causes the tumor to adhere tightly to the nerve sheath. This 
intimate relationship with the facial nerve accounts for the 
frequently associated facial nerve dysfunction, manifest by 
paralysis, twitching, or spasm of the facial musculature, 
even when tumors are very small. 

Depending on their size, location, and the structures 
they involve, hemangiomas of the ear and temporal bone 
are either observed or treated with complete surgical exci- 
sion. Resection of lesions from the external canal and the 
middle ear is usually straightforward, but it may be unnec- 
essary in pediatric patients who are asymptomatic as these 
lesions often involute spontaneously. When hemangioma 
is associated with the facial nerve, however, proper man- 
agement is controversial. If facial paralysis exists, tumor 
resection with nerve grafting may be appropriate. If facial 
nerve function is normal or only mildly compromised, 
early excision when the tumor can be peeled off the nerve 
while preserving function may be appropriate. Facial nerve 
monitoring is used during the surgical resection to help 
maintain nerve integrity. When left intact, patients gen- 
erally have superior results when compared to patients 
who require nerve sacrifice and grafting. In patients who 
have undergone subtotal resection for nerve preservation, 
regrowth has not been detected as late as 13 years after sur- 
gery. If a cochlear fistula is noted in the setting of service- 
able hearing, surgery should be delayed in order to preserve 
hearing for as long as possible (12). However, most case 
reports suggest that facial nerve integrity cannot be main- 
tained when removing hemangiomas, and because most 
geniculate hemangiomas grow very slowly, observation 
may be the most appropriate management until severe dys- 
function or facial paralysis occurs. 

Hemangiopericytoma is a rare vascular tumor derived 
from pericytes that line the outside surface of capillary 
basal lamina. They can occur wherever capillaries are 
found. Less than 20% of hemangiopericytomas occur 
in the head and neck, and fewer than 10 cases have been 
reported where the tumor originated in the temporal bone. 
The middle ear, jugular fossa, and petrous bone were the 
apparent sites of origin of the tumors that occurred in 
the temporal bone. Symptoms include hearing loss, otor- 
rhea, and cranial nerve deficits. Hemangiopericytoma can 
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occur in patients of any age with 10% of cases occurring 
in children, but it is most frequent in patients aged 50 to 
70, affecting males and females equally. Tumors are soft or 
rubbery and pale gray or white in color. The metastatic rate 
for primary temporal bone tumors is estimated to be 15% 
to 20%. On microscopic examination, hemangiopericyto- 
mas are circumscribed pseudoencapsulated cellular tumors 
containing thin-walled vascular spaces separated by sheets 
of polyhedral- and spindle-shaped cells. They do not dem- 
onstrate intratumoral calcification. Tumors with malignant 
behavior may display nuclear pleomorphism, lymphocytic 
infiltration, and lack of vascular spaces with necrosis and 
hemorrhage. Wide excision with or without embolization 
is the treatment of choice, but external beam radiation 
therapy, stereotactic radiosurgery, or chemotherapy may 
be used to treat extensive, recurrent, or inoperable tumors. 
Long follow-up is mandatory secondary to their propensity 
to recur and metastasize (13). 


Lymphoma, Plasmacytoma, and Leukemia 


Lymphoma is a neoplasm of the lymphoreticular system 
that may involve the temporal bone either as a secondary 
lesion after metastatic spread or as a primary lesion causing 
focal disease. Neoplastic infiltration of the middle ear, the 
facial nerve, the eighth cranial nerve, and the bone marrow 
of the petrous apex is not an uncommon finding during 
postmortem examination of temporal bones from patients 
with systemic lymphoma. However, most patients are 
asymptomatic unless lymphomatous infiltration results in 
middle ear effusion or hemorrhage and conductive hear- 
ing loss. Primary osseous lymphoma represents 1% to 2% 
of malignant lymphoma, and only 18 cases of primary 
temporal bone B-cell lymphoma have been reported (14). 
In these case reports, the most common presenting symp- 
toms were conductive hearing loss, otalgia, aural fullness, 
and otorrhea. Localized swelling and pain, fevers, senso- 
rineural hearing loss, balance disturbance, and facial and 
abducens palsies from perineural invasion have also been 
reported. Physical examination may reveal middle ear 
masses or effusions and facial paresis. Once diffuse lym- 
phoma has been ruled out, most patients with primary 
lymphoma of the temporal bone do well after chemother- 
apy and/or radiation therapy. The role of surgery in these 
patients is to obtain tissue for diagnosis. 

Extramedullary plasmacytoma of the temporal bone is a 
rare neoplasm that is thought to arise as a clone of malig- 
nant plasma cells in the submucosal stroma of the middle 
ear. These are solitary lesions that occur outside the bony 
medullary spaces, and they are less likely to develop into 
disseminated disease or into multiple myeloma when com- 
pared with solitary osseous plasmacytomas. The majority 
of extramedullary plasmacytomas develop in the upper 
aerodigestive tract with only 1% of these tumors arising in 
the temporal bone. Patients, more often men over 50, pres- 
ent with aural fullness or otalgia, hearing loss, and tinnitus, 
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and physical examination reveals a thickened tympanic 
membrane with an intratympanic mass or an aural polyp. 
Microscopic examination of these fleshy masses reveals 
sheets of monotonous round cells that are typical of plasma 
cells. Nuclear and cellular atypia is variable and defines 
tumor differentiation and grade. Tumor grade, however, is 
not necessarily predictive of tumor behavior. When biopsy 
specimens suggest the diagnosis of extramedullary plasma- 
cytoma, patients should be evaluated for disseminated dis- 
ease or multiple. This evaluation includes complete blood 
count with differential and smear, erythrocyte sedimenta- 
tion rate, serum chemistries, creatinine, serum and urine 
protein analysis for monoclonal antibodies, bone marrow 
biopsy, and a radiographic skeletal survey. Chemotherapy 
is indicated for disseminated disease, but extramedullary 
plasmacytoma isolated to the temporal bone is usually suc- 
cessfully treated with external beam radiation therapy and 
surgery for radioresistant or very large tumors. Recurrence 
is rare as is dissemination to multiple myeloma, but the 
possibility necessitates long-term follow-up (15). 
Leukemia may involve the temporal bone by infiltrat- 
ing marrow spaces and the tympanomastoid cavity or by 
causing hemorrhage within the middle or inner ear. In 
leukemia patients, marrow spaces in the temporal bone 
are frequently infiltrated by leukemic cells, but this rarely 
results in clinical manifestations. Infiltration of the middle 
ear and mastoid air cells is less common but may result in 
symptomatic effusions, often misdiagnosed as otomastoid- 
itis, as these patients are particularly susceptible to infec- 
tion. Patients with acute or chronic myelogenous leukemia 
may develop larger consolidated infiltrates that form solid 
tumors known as granulocytic sarcomas or chloromas. 
These present with hearing loss, facial palsy, and postauric- 
ular and auditory canal swelling and are often first mistak- 
enly treated for infection. The tumors consist of immature 
granulocytes and contain myeloperoxidase that gives the 
lesion a green hue, hence the name chloroma. Most chloro- 
mas occur in children with leukemia. Leukemic infiltrates 
can involve the cochlea causing sensorineural hearing 
loss, but inner ear injury more likely results from local 
hemorrhage. Diagnosis is best made with biopsy, though 
this is often not feasible, and MRI is the imaging modal- 
ity of choice. Treatment of systemic leukemia that infil- 
trates the temporal bone requires appropriate high-dose 
chemotherapy and management by a hematologist/oncol- 
ogist with consideration for radiation therapy. Prognosis is 
poor, especially in the setting of delayed diagnosis (16). 


NEOPLASMS OF THE PINNA 
AND EXTERNAL AUDITORY CANAL 


Cutaneous Carcinoma 


Basal cell carcinoma is a cutaneous malignancy that com- 
prises approximately one-fifth of neoplasms that involve 
the ear and temporal bone. This common lesion is generally 
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discovered in adult patients and is usually diagnosed for 
the first time during the sixth decade of life. Most basal cell 
carcinomas occur on the pinna or in the periauricular area, 
where they are more common than squamous cell catci- 
noma, and only about 15% arise in the external auditory 
canal where squamous cell carcinoma is far more common. 
Actinic exposure is thought to be the primary factor respon- 
sible for initiating this neoplastic transformation because 
the periauricular areas and the auricular helix, which receive 
the most sun exposure, are especially susceptible. Males are 
affected approximately twice as often as females. The nodu- 
loulcerative lesion that appears on the pinna is similar to 
basal cell carcinomas found in other areas of the body. It 
is characterized by locally infiltrating nodular growth with 
a rolled border and a central crusting ulcer. This neoplasm 
appears to be well circumscribed, but there may be subcu- 
taneous extension with indistinct clinical margins. Distant 
or regional metastases are extremely rare, though they are 
more common when lesions involve the ear. Histologic 
examination shows a rim of palisading basaloid cells at the 
tumor margin with central necrosis and ulceration. Most 
of the tumor is quite cellular, making it simple to make a 
diagnosis and to identify the tumor margin (Fig. 147.4). 
However, 25% of basal cell carcinomas that involve the skin 
of the external ear are morpheaform or sclerosing subtypes. 
They are distinguished from the more common nodu- 
loulcerative lesions by linear strands of basaloid cells that 
infiltrate the subcutaneous layers of the skin and are accom- 
panied by a fibrous matrix. The linear strands are diffuse 
within the fibrous matrix, and consequently the margin of 
the morpheaform type of basal cell carcinoma is indistinct. 

Basal cell carcinoma of the ear is a slow-growing neo- 
plasm, and the diagnosis is readily obtained by inspection 
and biopsy. If untreated, these low-grade malignancies pro- 
gressively enlarge and infiltrate peripherally into the periau- 
ricular tissues or medially into the external auditory canal, 
the middle ear, and the mastoid. Morpheaform lesions 


Figure 147.4 Basal cell carcinoma: Histologic section show- 
ing basophilic tumor cells invading hyaline auricular cartilage. 
Palisading basaloid cells are demonstrated adjacent to a clefting 
artifact (arrow). 


are especially troublesome because they infiltrate along 
deep tissue planes. Extension into the temporal bone may 
remain undetected until the malignancy is far advanced. 
Basal cell carcinoma is best treated with complete surgical 
excision. However, the risk of recurrence for auricular basal 
cell carcinoma is high compared with other sites in the 
head and neck because deep invasion often occurs. Mohs 
micrographic surgery appears to be the most successful 
technique to minimize recurrence and to conserve nonneo- 
plastic tissue. Radiation therapy is used as palliative therapy 
or as adjunct therapy for extensive or recurrent tumors. 

Squamous cell carcinoma that involves the ear and lat- 
eral skull base is most often a cutaneous neoplasm that 
originates from the skin of the pinna or external auditory 
canal. These are aggressive tumors with prognoses affected 
by depth of invasion, cartilage destruction, and lympho- 
vascular invasion. A much smaller portion of these malig- 
nancies originates from the middle ear, presumably from 
metaplastic middle ear mucosa. The average age at diag- 
nosis of squamous cell carcinoma of the pinna is the late 
60s, whereas primary external auditory canal lesions gener- 
ally present 10 to 15 years earlier. Tumors that originate in 
the middle ear affect adults in an intermediate age group 
at an average age of 60 years. Patients with squamous cell 
carcinoma of the ear and temporal bone comprise 24% of 
patients with squamous cell carcinoma of the head and 
neck. Most of these tumors originate on the pinna. Like 
basal cell carcinoma, more than half of these occur on 
the helix, which receives the greatest actinic exposure. Sun 
exposure and cold injury certainly predispose patients to 
this malignancy, but other factors such as radiation expo- 
sure and chronic infection are thought to play an etiologic 
role. For squamous cell carcinoma that originates in the 
middle ear, chronic otitis media and human papillomavi- 
rus are proposed to be important elements in the patho- 
genesis of malignancy (17). 

Squamous cell carcinoma of the pinna is a scaly, irregu- 
lar, indurated maculopapular lesion. Very often, the sur- 
face of the erythematous lesion is ulcerated with either a 
crust or serosanguinous exudate. Patients with squamous 
cell carcinoma of the external auditory canal often present 
with hemorrhagic otorrhea that has been treated for years 
as otitis externa. In older patients, chronic bloody drain- 
age and sudden onset of deep ear pain suggest an invasive 
malignancy. Ipsilateral facial nerve deficit is another indica- 
tion of invasive malignancy. Extensive involvement of the 
external auditory canal or the middle ear results in conduc- 
tive hearing loss, but deep invasion that extends into the 
internal auditory canal, the cerebellopontine angle, or the 
labyrinthine capsule may cause sensorineural hearing loss. 
Metastasis to cervical or parotid lymph nodes occurs in 
approximately 30% of patients with temporal bone inva- 
sion, whereas metastatic disease occurs half as often when 
lesions are limited to the pinna or to the membranous por- 
tion of the external auditory canal. Histologic examination 
shows proliferative pleomorphic spindle-shaped epidermal 
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cells with keratin pearls and intercellular bridges that are 
typical features of squamous cell carcinoma. A less aggres- 
sive form of squamous cell carcinoma of the pinna, called 
adenoid squamous cell carcinoma, shows similar histologic 
features, but there is nodular proliferation of epidermoid 
cells that show prominent glandular patterns. These lesions 
are invasive but slow growing, and they rarely metastasize. 

The diagnosis of squamous cell carcinoma of the pinna 
is easily made with a biopsy, but many middle ear and 
external auditory canal malignancies have advanced signif- 
icantly by the time of diagnosis. Biopsy is advisable when- 
ever middle ear or external canal infections fail to respond 
to appropriate medical therapy. Untreated carcinoma of 
the pinna will likely spread laterally to periauricular areas 
or medially into the external auditory canal. The prognosis 
worsens when external canal lesions extend medially into 
the tympanic bone or through the tympanic membrane 
and into the middle ear. Tumor in the middle ear extends 
anteriorly into the eustachian tube and carotid canal and 
posteriorly into the mastoid air cell system. From the 
carotid canal, squamous cell carcinoma can invade the 
petrous apex, the anterior skull base, and the cavernous 
sinus. The inner ear is generally resistant to invasion, but 
tumor in the mastoid may penetrate the dural plate and 
extend into the posterior cranial fossa. 

The treatment of squamous cell carcinoma of the ear and 
lateral skull base, even for less advanced tumors, should be 
aggressive because recurrence rates are high (18). Complete 
surgical resection is favored whenever possible. Complete 
resection of lesions of the pinna is most easily achieved 
with Mohs micrographic surgical techniques. Carcinoma 
that invades the cartilaginous portion of the external audi- 
tory canal can be excised as a sleeve resection with skin 
grafting of the defect. Tumors that invade the bony exter- 
nal auditory canal require en block excision with a lateral 
temporal bone resection. When tumor extends through 
the tympanic membrane into the middle ear, expands into 
the mastoid air cells, or invades the otic capsule, a subto- 
tal temporal bone resection is indicated. Parotidectomy 
and neck dissection may also be appropriate, and radia- 
tion therapy is recommended for patients with advanced- 
stage carcinoma to improve survival (19). Chemotherapy 
is sometimes offered as adjuvant or palliative therapy but 
has not yet been shown to increase survival. 


Melanoma 


Malignant melanoma of the external ear is a cutaneous 
neoplasm that originates from melanocytes in the epider- 
mis or dermis of the pinna. Melanomas account for only 
3% of malignant cutaneous neoplasms, yet approximately 
75% of deaths from cutaneous malignancies are caused by 
melanoma. The external ear is the site of origin for approxi- 
mately 10% of all primary melanomas of the head and neck 
and 1% of all melanomas, with the helix or antihelix being 
the most common location of the original lesion. Primary 
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melanoma of the external auditory canal is extremely rare, 
and melanoma of the middle ear is most likely to be meta- 
static disease or the result of regional extension. The average 
age at diagnosis of melanoma of the pinna is 50 years, but 
this disease affects all age groups except for young children. 
Men are affected by melanoma at least three times more 
often than women, and fair-skinned individuals with blonde 
or red hair, blue eyes, and freckled skin are predisposed to 
the disease. Sun exposure, specifically repeated intense expo- 
sure causing severe solar injury, has a role in the pathogene- 
sis of this neoplasm. Melanoma is five times more common 
in the southwestern United States when compared with the 
northeast. The incidence of melanoma in all areas of the 
world appears to be increasing annually. Atmospheric ozone 
depletion may be responsible for some of this increase, but 
heightened awareness of skin malignancy by patients and 
by medical professionals enhances the likelihood of detec- 
tion. Patients may also be genetically predisposed to mela- 
noma. First-degree relatives of patients with melanoma have 
twice the risk of developing this malignancy, and inherited 
disorders, such as familial dysplastic nevus syndrome, also 
increase the risk of developing melanoma. 

Melanomas of the ear are divided into five subtypes 
based on appearance and potential for dermal invasion. 
Superficial spreading melanoma is the most common type. It 
starts as a regular dark pigmented macule that first grows 
radially throughout the epidermis and dermal-epidermal 
junction, becoming nodular and ulcerated with transition 
into its vertical growth phase. Round, pigmented epitheli- 
oid melanocytes grow in nests that invade the epidermis 
during the radial growth phase and the dermis during the 
vertical growth phase. The radial growth phase is interme- 
diate in length and is estimated to last anywhere from 1 to 
6 years. Many of these lesions will incite an inflammatory 
response. Nodular melanoma is the most aggressive of the 
three types. These darkly pigmented nodules invade the 
dermis and subcutis with minimal, if any, radial spread. 
On histologic examination, atypical melanocytes are both 
spindle shaped and epithelioid in nature, and the sur- 
rounding inflammatory response is minimal (Fig. 147.5). 
On immunohistochemical studies, malignant melanoma 
demonstrates reactivity for vimentin, S-100 protein, HMB- 
45, and Melan-A. Lentigo maligna, the third type of mela- 
noma, is a macular lesion with variable pigmentation 
that tends to have a prolonged radial growth phase before 
dermal invasion occurs. A lentigo consists of pigmented 
spindle cells that are usually confined to the epidermis, 
and there may be a surrounding inflammatory response. 
Desmoplastic melanomas are associated with preexisting 
melanocytic lesions but can be amelanotic. They have a 
high local recurrence rate and frequent perineural involve- 
ment, but they rarely metastasize. Mucosal melanomas may 
be associated with the eustachian tube or, rarely, arise pri- 
marily from the middle ear mucosa. They are associated 
with a poor prognosis secondary to late stage at presenta- 
tion and difficulty in obtaining adequate surgical margins. 
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Figure 147.5 Melanoma: Histologic section showing remark- 
able pigmentation of malignant melanoma cells, even on standard 
H&E preparation. Characteristic prominent nucleoli with multiple 
mitotic figures are demonstrated (inset). 


The diagnosis of melanoma is suspected when 
pigmented lesions change color or texture, increase rap- 
idly in size, or ulcerate. Prompt excisional biopsy is recom- 
mended for all suspicious pigmented lesions because early 
melanoma is curable. Tumor thickness is critical to establish 
the prognosis, but nodular configuration, ulceration, and 
regional or distant metastases all indicate a poor progno- 
sis. Once the dermis is invaded, the probability of regional 
or distant metastases increases. Unfortunately, one-third of 
patients have cervical node involvement at presentation. 
The precise location of the tumor does not appear to cor- 
relate well with metastatic patterns, but melanomas of the 
ear have been found to metastasize to preauricular, postau- 
ricular, anterior and posterior cervical chains, and into the 
parotid nodes. Elective lymph node dissection has been 
shown to overtreat 80% of patients without providing a 
survival benefit. However, waiting to perform a therapeutic 
lymph node dissection when metastatic disease is present 
may be responsible for unacceptable treatment delays. As 
a solution to this dilemma, sentinel node mapping using 
preoperative lymphoscintigraphy and intraoperative intra- 
dermal injection of marker dye and radioactive isotope has 
become the primary method for identification of lymph- 
draining nodal basins (20). Problems unique to sentinel 
lymph node biopsy (SLNB) in the head and neck include 
proximity of the sentinel node to the injection site, inac- 
cessibility of the node (intraparotid lymph nodes), and 
potential for sentinel nodes that may exist in more than 
one region. One series demonstrated sentinel lymph nodes 
from primary melanomas of the auricular helix that were 
located in levels I to V of the neck and the parotid gland, 
with an average of three nodes per patient and a range of 
1 to 7. Almost 90% had at least one node in level IIA (21). 

The treatment of choice for malignant melanoma is 
complete surgical excision with at least a 1-cm margin for 
lesions less than 2.0 mm in depth and a 2 cm or greater 
margin for deeper lesions as satellite clusters can occur. 


The goal of treatment is negative margins on permanent 
pathology. In the presence of ulceration, cartilage inva- 
sion, or recurrence, full thickness wedge resections are 
recommended. Sleeve resections of the external canal 
may be indicated for involvement, progressing to lateral 
temporal bone resections with more extensive disease. 
Reconstructions should not be performed until margins 
are clear. Lymphoscintigraphy with sentinel node biopsy 
has been recommended in appropriate surgical candidates 
with Breslow depth 20.76 mm and is becoming established 
as the standard of care. In the past, information about 
histologic features and immunohistochemical staining 
of lesions has been used to guide the decision regarding 
neck dissection for patients with clinically negative necks. 
However, this strategy for surgical treatment has failed to 
increase overall survival or influence 5-year disease-free 
survival (22). Completion lymphadenectomy after posi- 
tive SLNB yields a superior 5-year survival rate when com- 
pared with lymphadenectomy undertaken after disease is 
clinically evident. In addition to its influence over the deci- 
sion to proceed with lymphadenectomy, SLNB provides 
prognostic information, and that may determine whether 
adjuvant therapy is recommended (23). Though its efficacy 
remains controversial, interferon-alpha-2b has been shown 
to increase disease-free survival and may even provide over- 
all survival benefit in subgroups of patients with high-risk 
melanoma. Other adjuvant therapies including immuno- 
modulation therapy, vaccination, high-dose fractionated 
radiation therapy, and chemotherapy have not been shown 
to improve survival, but continue to be investigated (24). 


Glandular Tumors 


Glandular tumors of the external auditory canal are rare 
neoplasms that are thought to arise from the ceruminous 
glands of the canal. Nearly all glandular tumors of the exter- 
nal auditory canal arise in the lateral membranous por- 
tion of the canal where ceruminous and sebaceous glands 
predominate. Both ceruminous and sebaceous glands are 
categorized as apocrine glands, meaning that glandular 
cells release secretions by pinching off and liberating the 
secretion-rich portion of the cell. Some glandular tumors 
of the external ear canal, however, seem to arise from 
eccrine glands. These are glands that secrete by releasing 
secretory granules. Ceruminous glands might give rise to 
eccrine gland tumors if they also had some eccrine func- 
tion. Electron microscopy suggests that ceruminous glands 
do indeed release secretory granules and may have eccrine 
function. They might then be better classified as apoeccrine 
glands and thus might be the origin of all glandular tumors 
of the external auditory canal. 

It is possible to distinguish at least four different his- 
tologic types of glandular tumors of the external auditory 
canal. Ceruminous adenoma clearly arises from ceruminous 
glands. Histologically, it consists of well-differentiated 
proliferating ceruminous glands that form solid, cystic, and 
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papillary patterns. The glands have a cuboidal or columnar 
cell layer of apocrine origin and an outer spindle-cell layer of 
myoepithelial origin. These tumors may be more common 
in males, and the average age of patients at presentation is 
60 years. These nonencapsulated benign neoplasms do not 
invade surrounding structures. Ceruminous adenocarcinoma, 
on the other hand, is an invasive neoplasm that can metas- 
tasize to regional lymph nodes. Histologically, this tumor 
is nearly identical to a benign adenoma, and it may be dif- 
ficult to distinguish benign and malignant forms based 
on microscopic anatomy. However, in some cases, micro- 
scopic examination of malignant lesions shows anaplasia, 
nuclear pleomorphism, mitotic figures, and perivascular or 
perineural invasion. The primary distinguishing features 
are regional metastases and invasion into surrounding tis- 
sues. Like adenomas, adenocarcinomas are more common 
in males, but they are diagnosed at an earlier age, averag- 
ing 48 years. Pleomorphic adenoma of the external auditory 
canal is similar to neoplasms of the salivary glands, which 
are eccrine glands, and consists of both epithelial and mes- 
enchymal elements. These benign tumors affect males and 
females equally, and the average age at diagnosis is 51 years. 
Adenoid cystic carcinoma is the most common glandular 
neoplasm of the external auditory canal. The cell type that 
gives rise to these tumors when they occur in the external 
auditory canal is uncertain. Histologically, these tumors are 
similar to malignant salivary gland tumors. They lack a cap- 
sule and consist of small hyperchromatic cells arranged in 
cribriform, tubular, or solid patterns. Perineural invasion 
and invasion along deep tissue planes are prominent fea- 
tures. Regional lymph node metastases are not uncommon, 
and distant metastases can occur in any vascularized organ, 
but the lung is the most common site of distant disease. 
Adenoid cystic carcinoma is more common in females and 
is diagnosed on average at 43 years of age. 

Glandular tumors usually present as asymptomatic soft 
tissue masses in the membranous external auditory canal. 
Once the canal is occluded, conductive hearing loss or 
secondary otitis externa may result. Malignant lesions are 
more likely to ulcerate or to cause otalgia. Both benign and 
malignant tumors grow along the path of least resistance, 
extending laterally out the meatus or medially through 
the tympanic membrane and into the middle ear. Invasive 
malignant tumors also extend radially through auricular 
cartilage and the fissures of Santorini into the parotid gland 
or into surrounding periauricular tissue. Medial extension 
with erosion of tympanic membrane or temporal bone is 
also indicative of malignancy. Diagnosis is made on the 
basis of microscopic examination of biopsy specimens. 
To distinguish between benign and malignant cerumi- 
nous tumors, biopsy specimens should be large enough to 
identify deep tissue invasion. HRCT of the temporal bone 
and MRI of soft tissue around the lateral skull base can be 
helpful in this respect also. Benign tumors are treated with 
wide local excision and reconstruction of the external audi- 
tory canal. Because of high recurrence rates, especially in 


2369 


cases of adenoid cystic carcinoma, treatment of malignant 
lesions should be aggressive (25). Lateral temporal bone 
resection and postoperative radiation therapy are appro- 
priate for early lesions. Larger malignant tumors require a 
more extensive temporal bone resection, parotidectomy, 
and cervical lymph node dissection in addition to postop- 
erative radiation therapy. 


Osteomata and Exostoses 


Osteomata and exostoses are benign bony growths that 
involve the external auditory canal. Some controversy 
exists about whether these are separate entities or actu- 
ally variations of the same pathologic process, but most 
sources suggest that osteoma and exostosis are clinically 
and histologically distinct. Osteomata are solitary pedun- 
culated osseous lesions that are smooth and round and 
originate on the tympanosquamous and tympanomas- 
toid suture lines inside the bony external auditory canal. 
Patients in almost any age group may present with these 
neoplasms, but most are middle-aged adults at presenta- 
tion, and women appear to be affected more often than 
men. The etiology of osteomata is unknown. Clinically, 
most patients are unaware of the neoplasm until it is inci- 
dentally discovered during otologic examination. When 
the tumor is sufficiently large, patients may experience 
conductive hearing loss or recurrent bouts of otitis externa. 
Histologically, osteomata consist of lamellar bone around 
trabeculated cancellous bone that contains marrow spaces 
or fibrovascular tissue. The bone is lined with periosteum 
and keratinizing stratified squamous cell epithelium. The 
diagnosis is made during otologic examination when pal- 
pation reveals a pearly white or erythematous tender bony 
growth fixed within the bony canal. Surgical removal of 
symptomatic tumors requires either a transcanal or a post- 
auricular approach for exposure. Osteomata are removed 
with a drill while preserving as much skin as possible. 
Split-thickness skin grafts are used to cover exposed tym- 
panic bone when necessary. 

Exostoses are broad-based osseous lesions that occur 
around the circumference of the medial aspect of the bony 
external auditory canal. They occur as multiple lesions and 
are often bilateral. Most patients are diagnosed in their 
teens or as young adults, and exostoses are far more com- 
mon in males. The occurrence of exostoses is strongly cor- 
related with exposure to cold water and is therefore thought 
to result from cold-induced periostitis. Like patients with 
osteomata, most are asymptomatic until the external audi- 
tory canal is occluded or nearly occluded and the diagnosis 
is made during otologic examination. Histologically, exos- 
toses differ from osteomata. Exostoses consist of parallel 
layers of subperiosteal bone containing no or only poorly 
developed trabeculated fibrovascular channels. Surgical 
removal of exostoses is usually more challenging than 
removal of osteomata. Generally, a postauricular approach 
is required, and facial nerve monitoring is recommended 
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because the distal mastoid portion of the facial nerve is 
at risk during drilling of the posteroinferior aspect of the 
bony canal. Skin flaps are developed to expose the bony 
lesions, and they are removed with a drill while preserv- 
ing the skin. Split-thickness skin grafts may be necessary to 
prevent postoperative cicatrix formation. 


Miscellaneous Neoplasms of the Pinna 
and External Auditory Canal 


Merkel cell carcinoma is a rare but highly malignant cutane- 
ous neuroendocrine tumor that has many characteristics in 
common with small cell carcinoma of the lung. Fifty per- 
cent of these tumors are found in the head and neck, and 
most that involve the external ear are found in the exter- 
nal auditory canal instead of the pinna. Lesions seem to 
occur on sun-exposed areas of skin or in patients who are 
immunosuppressed. The average patient is 65 years old 
and presents with a rapidly growing, firm, painless nodule 
that is red, pink, or blue in color. Metastases to regional 
lymph nodes are present in more than half of patients, 
and distant pulmonary, hepatic, skeletal, and neurologic 
metastases occur in approximately 30%. Biopsies speci- 
mens show cords, strands, and clusters of round cells in the 
dermis. Like small cell carcinoma of the lung, these cells 
have uniform basophilic oval nuclei and stain positively 
with labeled antibodies to vasoactive intestinal peptide 
and neuron-specific enolase. Merkel cell carcinoma may 
be distinguished from amelanotic malignant melanoma, 
lymphoma, or metastatic carcinoma on the basis of these 
immunohistochemical staining characteristics. Aggressive 
therapy is indicated because local recurrence rates approach 
50%, metastatic potential is high, and nearly half of 
patients fail to survive more than 5 years (26). Wide local 
excision with a 2- to 3-cm margin or Mohs micrographic 
surgery is recommended, along with SLNB and/or thera- 
peutic lymph node dissection, to address drainage basins 
in the parotid gland and in the neck. The efficacy of adju- 
vant therapy is uncertain, but radiation therapy is advisable 
in all cases. Chemotherapy, like that used for small cell car- 
cinoma of the lung, may offer additional therapeutic ben- 
efit for patients with extensive or widely metastatic disease. 

Squamous cell papilloma is a benign epithelial neoplasm 
that occurs in the external auditory canal and is thought 
to result from infection by human papillomavirus type 
6 and 11 (27). Most squamous cell papillomas are fungi- 
form lesions with narrow stalks. Microscopic examination 
shows well-differentiated squamous cells proliferating on 
the periphery of a fibrous tissue core. Papillomas are treated 
by complete excision or laser ablation. Pilomatrixoma, also 
termed calcifying epithelioma of Malherbe, is another 
benign tumor that may be found in the membranous por- 
tion of the external auditory canal or on any hair-bearing 
skin of the ear such as the lobule. These are solitary cystic 
lesions that originate from primitive hair matrix cells and 
are most commonly found in children. Histologically, the 


wall of the tumor consists of basaloid cells interposed with 
connective tissue septa surrounding a central region of 
degenerative debris containing ghost or shadow cells, kera- 
tin, and calcified material. These lesions are easily removed 
and usually do not recur. Auricular endochondral pseudo- 
cysts are cyst-like degenerations of auricular cartilage that 
are thought to result from recurrent minor trauma. These 
are tumor-like lesions that occur in young adults and are 
often confused with auricular hematomas. Pathogenesis 
is thought to be related to minor trauma when small 
amounts of serous fluid collect between auricular carti- 
lage and the perichondrium. In time, the internal surface 
of the perichondrium generates a layer of cartilage that 
encloses the serous fluid. There is no epithelial or endo- 
thelial lining and no associated inflammation. Auricular 
endochondral pseudocysts can be difficult to eliminate. 
They may require aspiration and injection of a sclerosing 
agent or incision and drainage with curettage and oblit- 
eration with a sclerosing agent. Chondrodermatitis nodularis 
chronica helicis (Winkler disease) is an inflammatory condi- 
tion of unknown etiology. Caucasian adult males are most 
commonly afflicted, and the problem manifests as painful 
papules or nodules on the free border of the helix or on 
the antihelix. Within the lesions, there is a chronic inflam- 
matory infiltration of the perichondrium, often with focal 
degeneration or deformity of the underlying cartilage. The 
lesions can be successfully treated with pressure relief strat- 
egies, wide excision with deep shave of the underlying car- 
tilage, or intralesional injections with steroid. 


NEOPLASMS OF THE MIDDLE EAR, 
MASTOID, AND TEMPORAL BONE 


Adenomatous Tumors 


Since they were first described over a century ago, classifica- 
tion of adenomatous tumors of the middle ear and mas- 
toid has been the subject of controversy. The clinical course 
of these rare tumors is highly variable, and attempts have 
been made to identify tumor subtypes so that neoplas- 
tic behavior can be predicted and appropriate treatment 
implemented. Much of the debate about tumor classifica- 
tion focuses on whether the varied microscopic anatomy 
can be correlated with the tissue of origin (mucosal vs. 
neuroendocrine) and tumor growth potential. It has been 
suggested, based on immunohistochemical analysis, that 
all adenomatous tumors of the temporal bone arise from 
pluripotential undifferentiated neural crest cells that have 
migrated to the middle ear (27). This would not explain 
why some adenomatous lesions develop into malignant 
tumors, whereas others remain benign. Currently, most evi- 
dence suggests two distinct types of primary adenomatous 
neoplasms of the temporal bone, benign adenoma, which 
arises from the mucosa of the middle ear, and aggressive 
papillary tumor, which arises from the endolymphatic sac. 
Carcinoid tumors of the middle ear, which are primarily 
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neuroendocrine derived, are either a separate clinical entity 
or a variant of a benign adenoma. 

Benign adenomas of the middle ear are rare nonaggres- 
sive neoplasms that are most commonly found in adoles- 
cents and young adults, affecting males and females equally. 
As discussed above, middle ear adenomas seem to arise 
from the glandular elements of the middle ear mucosa, but 
what initiates their histogenesis is unknown. Histology of 
these tumors often reveals benign glandular proliferation, 
and it has been suggested that benign adenomas represent 
reactive hyperplasia and not true neoplasm. However, in 
most reports, there is no history of otitis media or any other 
source of inflammation. Adenomas are rubbery fibrous 
tumors that are white, gray, or reddish brown in color. 
Microscopic examination shows cuboidal or columnar 
endothelial cells arranged in single-layered glandular struc- 
tures. Some tumors have trabecular or ribbon-like architec- 
ture with sheets of endothelial cells lying adjacent to one 
another. Nuclei are round or oval and lack mitotic figures or 
other features of dysplasia. Immunohistochemical staining 
shows positive staining for synaptophysin, chromogranin, 
and serotonin, suggesting a neuroectodermal origin for the 
tumor. Neurosecretory tumor cells predominate in carci- 
noid variants. Patients most often present with a middle ear 
mass and an intact tympanic membrane, but tumors can 
extend through the tympanic membrane or into the mas- 
toid. Generally, there is no bony erosion and no other sign 
of malignant aggressive growth. Excisional biopsy is recom- 
mended, and recurrence is unlikely. 

Endolymphatic sac tumors are rare aggressive papil- 
lary tumors of the middle ear and mastoid. Just over 100 
cases have been reported since they were first described by 
Heffner in 1989 (28). The age of the patient at the time 
of diagnosis ranges from 15 to 80 years, with a mean of 
approximately 40 years. There appears to be no predilec- 
tion for right- versus left-sided tumors, and a review of 
the literature suggests that they occur more frequently in 
females. The time between the onset of symptoms and 
diagnosis of the tumor is variable and ranges from 1 month 
to 23 years, with an average of approximately 9 years. 

The association between aggressive papillary tumor of 
the middle ear and von Hippel-Lindau disease was first 
suggested by Eby et al. in 1988 (29). von Hippel-Lindau 
disease is an autosomal dominant disorder associated with 
a defect on chromosome 3p25-26 (30). The disease mani- 
fests itself as multiple hemangioblastomas of the retina and 
central nervous system accompanied by renal cysts, clear 
cell renal cell carcinoma, pheochromocytoma, and endo- 
lymphatic sac tumor. The prevalence of this disease is esti- 
mated to be 1 in 35,000 to 1 in 40,000, and the diagnosis 
is readily confirmed with genetic testing. Endolymphatic 
sac tumors associated with von Hippel-Lindau disease are 
clinically and histologically identical to endolymphatic 
sac tumors in patients without this disease. While the inci- 
dence of endolymphatic sac tumor is higher in patients 
with von Hippel-Lindau disease, these patients are also 
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more likely to have bilateral tumors. Approximately 10% 
of patients with von Hippel-Lindau disease have endo- 
lymphatic sac tumor (31). Additionally, as many as 60% 
of patients with von Hippel-Lindau disease who also have 
hearing loss will eventually develop an endolymphatic sac 
tumor. Therefore, it is prudent to screen for endolymphatic 
sac tumor in patients with von Hippel-Lindau disease 
because early diagnosis allows prompt therapy. 

Endolymphatic sac tumors are highly vascular friable 
polypoid masses. Bony invasion is characteristic of these 
tumors, and infiltrated bone appears to be completely 
replaced by fibrotic portions of the invasive tumor. On 
microscopic examination, endolymphatic sac tumors con- 
tain both papillary and cystic components. The cellular 
structure of the papillary component resembles the rugose 
portion of normal endolymphatic sac epithelium. The epi- 
thelial lining of an endolymphatic sac tumor consists of 
a single cell layer of either low cuboidal or low columnar 
cells. The nuclei of endolymphatic sac tumor cells are typi- 
cally aligned in a uniform fashion. Nuclear pleomorphism 
and mitotic activity are uncommon histologic findings in 
these tumors. The lumen of the cystic component of the 
tumor contains a proteinaceous material. This material may 
be indistinguishable from thyroid colloid. Consequently, it 
is important to use thyroglobulin staining to distinguish 
metastatic papillary thyroid carcinoma from endolym- 
phatic sac tumor. The underlying stroma in endolymphatic 
sac tumors contains an abundant capillary vascular supply 
that may have the appearance of a second epithelial layer. 
Immunohistochemical analysis of normal endolymphatic 
sac tissue provides additional support for the theory that 
adenomatous tumors of the temporal bone arise from the 
endolymphatic sac. Normal endolymphatic sac tissue and 
tissue from endolymphatic sac tumors both stain positively 
for S-100, a neuron-specific protein; for vimentin, an inter- 
mediate filament protein; and for neuron-specific enolase. 

The clinical manifestations of endolymphatic sac 
tumors are best understood on the basis of tumor origin 
and potential routes of spread. The endolymphatic sac is 
located in the posteromedial plate of the petrous bone 
approximately midway between the sigmoid sinus and the 
internal auditory canal. The sac consists of both a proxi- 
mal and distal segment. The proximal or rugose portion 
of the sac is contiguous with the endolymphatic duct and 
lies within the posterior portion of the petrous bone. This 
portion of the sac is covered in part by the bony opercu- 
lum. The distal portion of the sac is located between the 
dura mater proper and the periosteal portion of the dura 
mater within the posterior cranial fossa. Both histologic 
and radiologic studies suggest that the proximal portion of 
the sac gives rise to tumors. 

Endolymphatic sac tumors extend along the endo- 
lymphatic duct in the direction of the bony labyrinth. 
Destruction of the labyrinth results in unilateral sensori- 
neural hearing loss, tinnitus, and vertigo. From the endo- 
lymphatic duct, an endolymphatic sac tumor may erode 
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into the vestibule, the posterior semicircular canal, and the 
mastoid cavity. Once in the mastoid cavity, these tumors 
follow the retrofacial air cell tract to encompass the facial 
nerve or to involve the jugular bulb. The middle ear may 
become involved when tumor enveloping the facial nerve 
extends anteriorly. From the middle ear cavity, tumor may 
erode superiorly through the tegmen tympani into the mid- 
dle fossa, medially to involve the otic capsule, or laterally 
through the tympanic membrane to involve the external 
auditory canal. Because of these routes of spread, involve- 
ment of the facial nerve and the middle ear space is a com- 
mon clinical finding. On rare occasion, anterior extension 
of an endolymphatic sac tumor along the petrous ridge into 
the petrous apex and cavernous sinus has been reported. 
Anterior extension into Meckel cave and the internal audi- 
tory canal may lead to involvement of cranial nerves V, VII, 
and VIII. Extension into the cerebellum and into the poste- 
rior cranial fossa accounts for the high incidence of ataxia 
and headaches in patients with advanced lesions. Finally, 
inferior extension to the region of the jugular foramen 
accounts for the clinical findings of hoarseness, weakness 
of the sternocleidomastoid muscle, and palatal dysfunction. 

The diagnosis of an endolymphatic sac tumor is usu- 
ally made by screening audiometry in conjunction with 
temporal bone imaging studies. Audiograms from patients 
with endolymphatic sac tumors usually reveal a sensori- 
neural hearing loss. On occasion, a conductive hearing loss 
may be caused by extension of the tumor into the middle 
ear cavity. CI shows a soft tissue mass on the posterior 
petrous face with erosion of adjacent regions of the tem- 
poral bone (Fig. 147.6). On bone windows, these tumors 


Figure 147.6 Aggressive papillary tumor of the temporal bone 
(endolymphatic sac tumor). Axial CT showing a left-sided tumor 
eroding through the posterior face of the petrous bone with inva- 
sion (black arrowhead) of the petrous apex adjacent to the basal 
turn of the cochlea. This tumor originated in the endolymphatic sac 
and extended inferiorly before invading the temporal bone. 


commonly contain stippled, reticular, or spiculated areas of 
calcification. Endolymphatic sac tumors have an “expans- 
ile” appearance that helps to differentiate them from other 
aggressive neoplasms of the temporal bone such as meta- 
static tumors and high-grade chondrosarcomas that have 
a less regular pattern of bony destruction. Unenhanced 
T1-weighted images on MRI studies reveal a pattern of sig- 
nal intensity that varies with tumor size. In general, endo- 
lymphatic sac tumors show increased signal intensity on 
T1-weighted images, but tumors greater than 3 cm in diam- 
eter display multiple intratumoral foci of increased inten- 
sity and have a “speckled” appearance. In contrast, tumors 
less than 3 cm in diameter often have a circumferential rim 
of increased signal intensity. This rim of high signal inten- 
sity is probably generated by breakdown products of sub- 
acute hemorrhage found at the periphery of tumors. This 
characteristic finding on unenhanced T1-weighted imaging 
is dissimilar to other more common tumors of the petrous 
apex. Endolymphatic sac tumors enhance with intrave- 
nous contrast, but the degree and type of enhancement 
obtained with this technique varies from tumor to tumor. 
On T2-weighted imaging, endolymphatic sac tumors con- 
tain scattered areas of increased signal intensity. Flow voids 
are found in 80% of endolymphatic sac tumors and appear 
to be related to tumor size. 

Surgical excision of endolymphatic sac tumors is the 
treatment of choice, and cure may be achieved with com- 
plete resection. Most endolymphatic sac tumors, however, 
are quite large at the time of diagnosis and may involve the 
entire lateral skull base. Subtotal resection combined with 
regularly scheduled radiologic follow-up examinations 
and revision surgery for significant tumor progression is an 
alternate treatment option for these indolent neoplasms. 
However, because most patients with endolymphatic sac 
tumors are young adults, complete tumor resection using 
modern techniques in skull base surgery should be the 
goal. Because these tumors are quite vascular, preoperative 
embolization plays a role in all but the smallest tumors. 
Conventional radiotherapy and gamma knife radiosurgery 
do appear to play a role in the treatment of recurrent or 
unresectable disease. 


Langerhans Cell Histiocytoses 


Langerhans cell histiocytoses, also called Langerhans cell 
tumors, are a group of neoplasms characterized by idio- 
pathic histiocytic and eosinophilic proliferation. Until 
recently, these tumors were discussed as three separate 
disease entities: Letterer-Siwe disease, Hand-Schiller- 
Christian disease, and eosinophilic granuloma. These 
disorders are now considered to represent three differ- 
ent manifestations of the same disease. However, the use 
of these names persists mainly as an aid in categorizing 
the location and extent of disease. In the case of eosino- 
philic granuloma, the mass is usually localized, whereas in 
Hand-Schiller-Christian disease and Letterer-Siwe disease, 
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the disease tends to be disseminated. All forms of this 
disorder are characterized by proliferation of Langerhans 
histiocytes. These are cells that are derived from monocytes 
in the bone marrow, but are normally found in the epider- 
mis. Langerhans cell histiocytes proliferation is an aggres- 
sive and sometimes malignant disease process that seems 
to occupy a continuum between the two extremes: his- 
tiocytic malignant lymphoma and benign reactive lymph 
node hyperplasia. Thus, these lesions are more accurately 
described as tumor-like proliferations, and the lesions 
may merely be the result of imbalanced immunoregula- 
tion. Eosinophils associated with histiocytosis, in cases of 
eosinophilic granuloma, are believed to be incidental and 
may be a secondary reaction that accompanies abnormal 
proliferation of Langerhans cells. All forms of this disease 
may involve the temporal bone and lateral skull base. 

Eosinophilic granuloma presents as a unifocal bony 
lesion, usually involving the flat bones of the skull, spe- 
cifically the frontal and temporal bones and the mandible. 
Patients are generally children and young adults with com- 
plaints of chronic or recurrent middle and external ear 
infection. White males are affected more frequently than 
other groups. The tumor is characterized by a localized col- 
lection of histiocytes, in polygonal and sheet formation, 
and eosinophils that cause resorption of bone, producing 
a radiolucent lesion. Diagnosis is confirmed by bone scan 
and open biopsy showing characteristic histopathology 
and positive immunohistochemical staining for S-100 and 
CD1 antigens. This disease process is considered to be the 
localized form of Langerhans cell histiocytosis. Treatment 
of eosinophilic granuloma is surgical excision, with radia- 
tion therapy for recurrent lesions. 

Otologic manifestations of Hand-Schiiller-Christian 
disease include chronic purulent middle and external ear 
disease and hearing impairment. This is also a disease of 
children and young adults. Typically, there are numerous 
bony lesions of the skull and axial skeleton. Multifocal 
involvement of the abdominal viscera and cutaneous 
lesions indicates a particularly poor prognosis. In CT 
images, the osteolytic lesions are described as punched- 
out defects or moth-eaten holes. In addition, there is triad 
that exists in approximately 10% of the patients, consist- 
ing of bone lesions, diabetes insipidus, and exophthalmos. 
Invasion of the temporal bone occurs frequently and is 
often bilateral. Biopsy helps establish the diagnosis, show- 
ing sheets of polygonal histiocytes admixed with eosino- 
phils, plasma cells, and lymphocytes as the characteristic 
microscopic finding in these lesions. This is considered to 
be a chronic disseminated form of Langerhans cell histio- 
cytosis. Treatment includes medical therapy with vinblas- 
tine and corticosteroids. Despite treatment, the mortality 
rate approximates 30%. 

Letterer-Siwe disease affects infants and manifests as 
hepatosplenomegaly, lymphadenopathy, bleeding diathe- 
sis, anemia, cutaneous lesions, and multiorgan dysfunc- 
tion secondary to histiocyte proliferation and infiltration. 
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This is the acute disseminated form of Langerhans cell 
histiocytosis. The temporal bone may be involved, and 
patients may present with ear pain and/or otorrhea. 
Treatment consists of chemotherapeutic agents, but the 
disease is almost uniformly fatal in 1 to 2 years. 


Sarcoma and Chordoma 


Sarcomas of the lateral skull base are exceptionally rare 
neoplasms; however, in children, they are the most 
common primary malignancy of the temporal bone. 
Rhabdomyosarcoma is the most common of these neo- 
plasms, accounting for 30% of sarcomatous temporal bone 
tumors and 4% to 7% of all temporal bone malignancies. 
Ninety percent of patients with rhabdomyosarcoma are less 
than 10 years of age, with the average age at presentation of 
4.5 years. Pluripotential mesenchymal cells in the middle 
ear and eustachian tube give rise to this neoplasm. Most 
patients present with chronic otorrhea and otalgia that 
fails to respond to appropriate medical therapy. Otologic 
examination reveals a friable aural polyp, hemorrhagic 
aural discharge, and/or mastoid swelling. Facial weakness 
or paralysis is not uncommon early in the disease process 
and may indicate a malignant process. Regional lymph 
node metastases are unusual, but distant metastases to 
lungs, liver, brain, and bone are present in 14% of patients 
at the time of presentation. Rnabdomyosarcoma is divided 
into several histologic types: embryonal, botryoid, alveolar, 
and pleomorphic. The embryonal type is the most common. 
Microscopic features of embryonal rhabdomyosarcoma are 
small round and spindle-shaped primitive mesenchymal 
cells in a loose myxoid or compact pattern. Longitudinal or 
cross-striations characteristic of rhabdomyosarcoma may 
or may not be evident in the embryonal subtype. Alveolar 
rhabdomyosarcoma, which has a poorer prognosis, consists 
of sheets of round, oval, or strap-like cells arranged in a tra- 
becular pattern surrounding empty alveolar compartments. 
Pleomorphic rhabdomyosarcoma is composed of anaplastic 
multinucleated spindle cells that form whorls and fascicles 
with longitudinal striations. Most botryoid tumors are his- 
tologically classified as embryonal, and the term botryoid 
refers to their gross appearance resembling a grape cluster. 
Radiologic imaging of the temporal bone shows a soft tis- 
sue in the middle ear and mastoid with surrounding bony 
destruction. With this type of clinical presentation, the 
diagnosis is confirmed with biopsy specimens. Attempts 
at radical surgical excision rarely offer survival advantage 
for this highly malignant neoplasm, and therefore, current 
treatment includes limited surgical intervention, external 
beam radiation therapy, and chemotherapy. Survival has 
improved with the use of contemporary adjuvant therapy, 
and 5-year failure-free survival exceeds 60% (32). 
Chondrosarcoma of the skull base is thought to arise 
from persistent islands of embryonal cartilage rests that 
occur near cranial base synchondroses. Patients in nearly 
all age groups can be afflicted by this relatively low-grade 
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sarcoma, but it is most common in young adults in their 
fourth and fifth decades of life. Males and females are 
affected equally. The petroclival region near foramen 
lacerum and the petrous apex is perhaps the most com- 
mon location of origin. Patients present with headache 
and symptoms suggesting cranial nerve compromise 
such as diplopia, hoarseness, dysphagia, facial dysesthe- 
sia, and hearing loss. Cranial nerve examination often 
confirms the neurologic deficits in symptomatic patients. 
Histologic diagnosis of sarcoma can be difficult without 
clinical features or radiologic findings that suggest malig- 
nancy because benign cartilage shows varying patterns of 
cellularity and heterogeneity that may be interpreted as 
anaplastic. Like rhabdomyosarcoma, there are a number 
of histologic subtypes of chondrosarcoma, and prognosis 
varies depending on histologic subtype and grade of dif- 
ferentiation. Imaging studies show bony destruction of the 
skull base lateral to the midline (Fig. 147.7) and enhance- 
ment of the tumor mass when contrast is injected. Surgical 
excision is the primary therapeutic modality for chondro- 
sarcoma, but complete excision is often not possible, and 
recurrences are common (33). Both radiation therapy and 
chemotherapy are of unproven benefit. 

Ewing sarcoma, osteogenic sarcoma, and fibrosarcoma 
are rarely reported to occur in the temporal bone. Ewing 
sarcoma of the temporal bone is an aggressive but rare 
malignancy that occurs in patient less than 20 years old. 
Patients present with signs and symptoms much like those 
of other temporal bone sarcomas, and imaging studies 
show a well-circumscribed soft tissue lesion eroding into 
the surrounding bone. Ewing sarcoma is a cellular tumor 
that is readily diagnosed during microscopic examination 
of biopsy specimens. Because no more than 20 cases of 


Figure 147.7 Chondrosarcoma. Axial CT showing an aggressive 
neoplasm eroding the left petrous apex and adjacent sphenoid 
bone (asterisk), centered at the petroclival synchondrosis. 


Ewing sarcoma of the temporal bone have been recorded 
in the world literature, the prognosis is uncertain. Limited 
experience, however, shows that metastatic disease does 
not occur, and favorable outcomes can be obtained with 
combined temporal bone resection, radiation therapy, and 
chemotherapy. Osteogenic sarcoma of the temporal bone is 
highly malignant but fortunately exceedingly rare. Most 
patients are between the ages of 10 and 30 years, and males 
are affected more often than females by a ratio of 3:2. Few 
cases of radiation-induced osteogenic sarcoma have been 
reported, but in most instances, there is no clear etiology. 
Patients present with rapidly progressive painful swelling 
in the periauricular area. Temporal bone resection along 
with radiation therapy and chemotherapy is advocated, 
but this disease appears to be uniformly fatal. Fibrosarcoma 
of the temporal bone can occur in infants, and nearly one- 
third of infants with this neoplasm present at birth. Lymph 
node metastases may occur in 10% of pediatric patients, 
but 5-year survival rates are above 80% after surgical treat- 
ment. The prognosis for adults is not as favorable. Regional 
lymph node metastases occur in 50%, and radiation- 
induced fibrosarcoma in adults is a lethal neoplasm (34). 
Skull base chordomas are low- to intermediate-grade 
malignancies that result from defective embryonic rem- 
nants of the notochord. During embryonic development, 
the cranial aspect of the notochord begins in the sphenoid 
bone just posterior to the sella turcica. As the notochord is 
followed inferiorly, it exits the bone traveling along the cli- 
vus in the soft tissue adjacent to the nasopharyngeal mucosa 
and reenters the basiocciput skull base before coursing 
inferiorly into the odontoid process and vertebral bodies. 
The cranial aspect of the notochord gives rise to stalks that 
project into the subendothelial tissue of the nasopharynx 
and intracranially along the ventral aspect of the brain- 
stem. Therefore, chordoma not only occurs in the clivus 
but also as a primary intracranial or nasopharyngeal soft 
tissue tumor. Patients of all age categories may have chor- 
domas, but they are most likely to occur in males between 
the ages of 35 and 45 years. On gross examination, tumors 
are covered with a pseudocapsule and have a characteristic 
lobular configuration. They are gray and semitranslucent 
and contain gelatinous material. Chordomas are divided 
into histologic subtypes, but the main microscopic features 
are stellate, intermediate, and vacuolated physaliphorous 
or soap-bubble cells in a mucoid matrix growing in nests, 
cords, or trabeculae. Immunohistochemical staining is 
positive for cytokeratin and epithelial membrane antigen, 
which helps to distinguish chordoma from chondrosar- 
coma. Metastases are unusual, and most chordomas grow 
slowly and insidiously, eroding the skull base and com- 
promising regional neurovascular structures. Headache, 
diplopia, and visual deficits are the most common present- 
ing complaints, and physical examination usually reveals 
oculomotor function abnormalities, especially abducens 
nerve palsy. When chordoma originates or extends into 
the nasopharynx, patients can present with upper airway 
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obstruction and a nasopharyngeal mass. In many cases, 
the diagnosis can be obtained from imaging studies and 
cytologic evaluation of a transnasal fine-needle aspirate. CT 
images show bony erosion of the clivus or basiocciput in 
the midline instead of lateral erosion that is more charac- 
teristic of chondrosarcoma. The soft tissue component of 
the tumor is heterogeneous on MRI, usually demonstrat- 
ing low signal intensity on T1-weighted images and high 
signal intensity on T2-weighted images. CT and MR images 
both show signal enhancement after injection of contrast 
material. The primary mode of therapy is surgical excision 
via transoral-transpalatal, transcondylar, or infratemporal 
fossa approach, but complete resection is often not fea- 
sible, and recurrence is common. Postoperative proton 
beam radiation therapy or stereotactic radiosurgery may 
improve survival and prolong disease-free intervals. 


Dermoid, Teratoma, and Choristoma 


Dermoids, teratomas, and choristomas are mass lesions 
that result from errors in fetal development. These tumors 
are distinguished on the basis of the embryologic germ layer 
from which they are derived. Dermoids of the temporal bone 
are cystic lesions derived from the ectoderm that are more 
correctly classified as congenital inclusions and not true 
neoplasms. When they occur in the middle ear, the mas- 
toid, or the eustachian tube, they are thought to originate 
at a point where the first branchial cleft, the anlage of the 
external auditory canal, lies adjacent to the first branchial 
pouch, the anlage of the middle ear, and the eustachian 
tube. This location may be significant because it suggests 
that the histogenesis of dermoids is related to incomplete 
closure at the lines of fusion between branchial elements or 
to traumatic introduction of inappropriate germinal layers 
into the middle ear. However, dermoids may also occur in 
the petrous apex. 

Dermoid cysts are pink or white pedunculated tumors. 
They have both ectodermal and mesodermal components. 
They are lined by keratinizing stratified squamous epithe- 
lium that contains hair follicles, sebaceous glands, smooth 
muscle, and adipose tissue. Most patients present as infants 
or children with hearing loss, otorrhea, dizziness, or upper 
airway obstruction, and examination reveals a middle ear 
mass that may extend through the eustachian tube and 
into the nasopharynx. The growth rate of these cysts is vari- 
able, but they eventually become symptomatic and require 
removal. 

Teratomas of the temporal bone are extremely rare and 
differ significantly from dermoid cysts. They are considered 
to be true neoplasms that arise from pluripotential stem 
cells that originate near the notochord. These pluripo- 
tential cells may differentiate into types of tissue derived 
from any of the three embryonic germinal layers. The type 
of tissue into which they differentiate is generally not 
native to the site where they occur. Tumors are firm polyp- 
oid or cystic lesions that may contain stratified squamous 
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epithelium, respiratory and gastrointestinal endothelium, 
cartilage, skeletal muscle, glandular tissue, neural tissue, 
and, surprisingly, even mature teeth. Tumors are graded in 
relation to tissue differentiation. Malignant undifferenti- 
ated forms exist, but they have never been reported in the 
temporal bone. Patients present at birth or in early child- 
hood, often with large rapidly growing tumors, and their 
symptoms include facial paralysis, hearing loss, and airway 
obstruction. Imaging studies show a heterogeneous tumor 
that may contain calcifications. Teratomas can be cured 
with complete resection, but this may require radical trans- 
temporal or infratemporal fossa approaches to achieve 
adequate surgical exposure for curative resection. 

Choristoma is a term that is used to describe normal tis- 
sue that occurs in a nonnative location. When choristoma 
occurs in the middle ear, this generally refers to salivary tis- 
sue, although sebaceous glands and neural tissue have been 
reported. Choristomas are probably derived from rests of 
salivary tissue trapped in the middle ear during develop- 
ment. These rests mature into small masses but have no 
neoplastic potential. Choristomas are pink or tan lobular 
masses located lateral to the long process of the incus and 
medial to the manubrium, and some have been associated 
with anomalies of the ossicles or the intratemporal portion 
of the facial nerve. Histologic examination reveals mature 
ectopic salivary gland tissue. Patients may have conductive 
hearing loss, but most are asymptomatic. They usually pres- 
ent with a middle ear mass that was incidentally discovered 
during routine otoscopic examination. Choristomas have 
little if any growth potential and only require incisional or 
excisional biopsy to confirm diagnosis. 


Cholesterol Granuloma 


Cholesterol granuloma of the petrous apex is not a true 
neoplasm but rather a mass lesion that results from a reac- 
tive process within the temporal bone. It can be diagnosed 
from imaging studies and should be included in the dif- 
ferential diagnosis when evaluating temporal bone masses. 
Cholesterol granuloma was first described more than 
100 years ago as dark blue discoloration of the tympanic 
membrane and was called an “idiopathic hematotympa- 
num.” This condition occurred in patients with eustachian 
tube dysfunction and was often accompanied by chronic 
otitis media or cholesteatoma. It was hypothesized that 
cholesterol granuloma occurs as a consequence of four fac- 
tors: interference with drainage of the middle ear, hemor- 
rhage, obstruction of ventilation, and foreign body reaction 
to cholesterol crystals derived from hemoglobin catabo- 
lism. Evidence in support of this hypothesis has been pro- 
vided by animal experiments. Cholesterol granuloma can 
be produced by injecting cholesterol into the middle ear or 
by occluding the eustachian tube (35). Cholesterol granu- 
loma of the petrous apex, whereas not necessarily associ- 
ated with otitis media or cholesteatoma, probably results 
from a similar pathophysiologic process. It is found in 
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pneumatized petrous bones that occur in 30% of patients. 
The process starts when ventilation of petrous air cells is 
disrupted secondary to temporal bone trauma, eustachian 
tube dysfunction, or mucosal edema. Inflammation or 
trauma of the petrous bone may cause hemorrhage into 
the air cells of the petrous apex, and because there is no 
effective drainage pathway, detritus from the hemorrhage 
accumulates in the air cells. The membranes of degenerat- 
ing red blood cells appear to be the primary source of cho- 
lesterol crystals, which subsequently initiate a foreign body 
reaction. Inflammation from the foreign body reaction 
increases hemorrhage and mucosal edema, promoting the 
inflammatory cycle and allowing the granuloma to enlarge. 
An alternative theory for cholesterol granuloma pathogen- 
esis proposes these lesions result when expanding air cell 
tracts lined with mucosa interface with marrow spaces in 
the petrous apex. Coaptation between the mucosal lining 
and the exposed marrow results in a progressive sustained 
hemorrhage from the marrow spaces, and this leads to cyst 
formation and expansion (36). It is not surprising that 
histologic examination of cholesterol granuloma shows 
cholesterol crystals surrounded by multinucleated giant 
cells, round cell infiltration, and hemosiderin-laden mac- 
rophages. Cholesterol granuloma may be confined to the 
petrous bone and may be asymptomatic. Alternatively, it 
may extend into the posterior cranial fossa and cause an 
abducens nerve palsy, diplopia, facial pain, facial weak- 
ness or twitching, headache, dizziness, tinnitus, and hear- 
ing loss. The diagnosis of cholesterol granuloma may be 
made by MRI, which shows a smooth-walled, nonenhanc- 
ing, expansive lesion that has high signal intensity on both 
Tl-weighted and T2-weighted images (Fig. 147.8). The 


mainstay of surgical therapy is simple drainage, allowing 
permanent aeration of the cavity. However, some con- 
troversy exists about whether the fibrous wall of the cyst 
requires removal to achieve long-term cure. 


NEOPLASMS OF THE INTERNAL 
AUDITORY CANAL AND 
CEREBELLOPONTINE ANGLE 


Schwannoma 


Schwannomas of the temporal bone and the skull base 
are benign neoplasms that arise from the sheaths of cra- 
nial nerves. Available evidence suggests that these tumors 
arise from Schwann cells alone and not other nerve com- 
ponents. Therefore, terms such as acoustic neuroma are not 
appropriate. The etiology of schwannoma is unclear, but 
it has been suggested that neoplastic growth occurs prefer- 
entially at the junction between the central and peripheral 
components of the cranial nerves. Myelin is formed by oli- 
godendrocytes in the intracranial portion of a cranial nerve, 
and as the nerve enters the skull base, there is a transition 
to a Schwann cell sheath. This transition occurs in a region 
called the Obersteiner-Redlich zone, and this zone is vari- 
able in location in different cranial nerves. It has also been 
proposed that schwannomas may arise in locations with 
the greatest concentration of Schwann cells. For vestibular 
schwannomas, this would be Scarpa ganglion, whereas for 
jugular foramen schwannomas, this would be the superior 
and inferior ganglia of the glossopharyngeal nerve, the jug- 
ular and nodose ganglia of the vagus nerve, or the junction 
of cranial and spinal components of the spinal accessory 
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Figure 147.8 Cholesterol granuloma. A: Axial T1-weighted MRI without contrast. B: Axial T2- 
weighted MRI. These images show an expansile right petrous apex lesion with increased signal 


intensity on both T1- and T2-weighted images. 
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nerve. What causes the proliferation of Schwann cells is not 
known, but genetic aberrations, such as those associated 
with neurofibromatosis type 2 (NF2), are likely associated 
with this neoplastic transformation. Schwannomas in NF2 
patients appear to be the result of a defect on the long arm 
of chromosome 22, which is responsible for the produc- 
tion of a tumor suppressor protein called merlin. Exactly 
what this protein does to inhibit Schwann cell prolifera- 
tion is uncertain, but merlin interacts with many cellular 
proteins that regulate cell function (37). One such group 
of cellular proteins includes tyrosine kinase growth factor 
receptors, specifically a family called ErbB. NF2 is an auto- 
somal dominant disorder, and patients may have a func- 
tioning copy of the tumor suppressor gene on their intact 
chromosome. However, production of merlin is terminated 
when a mutation occurs on the intact chromosome 22, and 
merlin depletion results in deregulation of ErbB receptors, 
which may be the event that causes NF2 patients to develop 
schwannomas. For the same sequence of events to occur in 
a patient without NF2, mutations must occur on the long 
arm of both chromosomes. Thus, neoplastic transforma- 
tion in cases of sporadic schwannoma is a much less likely 
event. Other factors that may lead to neoplastic transfor- 
mation of Schwann cells are under investigation. Increased 
genetic expression of neurotrophic factors such as brain- 
derived neurotrophic factor has also been observed in ves- 
tibular schwannomas when compared to peripheral nerve 
tissue suggesting a role in the modulation of tumor growth 
(38). Additionally, small RNA molecules called microRNA 
can regulate gene expression by inhibiting production of 
certain target proteins. When comparing vestibular schwan- 
noma cells with vestibular nerve tissue, microRNA is over- 
expressed, which can lead to downregulation of tumor 
suppressor pathways (39). Genetic research looking at 
these pathways and others continues, but it appears likely 
that schwannoma growth is the result of demodulation of 
Schwann cell proliferation resulting in tumorigenesis. 
Schwannomas of the temporal bone can be catego- 
rized as vestibular, facial, trigeminal, and jugular foramen 
tumors. Vestibular schwannomas are by far the most com- 
mon, comprising approximately 10% of all intracranial 
tumors and 80% of cerebellopontine angle tumors. They 
occur in about 1 of 100,000 patients per year. Because they 
usually arise in the vicinity of the vestibular ganglion, most 
vestibular schwannomas begin inside the internal audi- 
tory canal. Isolated intralabyrinthine schwannomas do 
occur, as do cochlear schwannomas, but they are extremely 
rare. Vestibular schwannomas expand centrally from the 
internal auditory canal into the cerebellopontine angle 
and may compress the pontine brainstem and the cerebel- 
lum. Therefore, the most common symptoms with which 
patients present are unilateral hearing loss, tinnitus, and 
dysequilibrium. Vestibular schwannomas may also extend 
anteriorly within the cerebellopontine angle, compress- 
ing the trigeminal nerve and causing facial hypesthesia or 
paresthesia, but neuralgia is infrequent. Large tumors will 
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eventually result in hydrocephalus with headache, visual 
impairment, and alterations of mental status if the tumor 
is left untreated. 

Facial nerve schwannomas differ from vestibular 
schwannomas in that they can arise anywhere along the 
nerve from the oligodendrocyte-Schwann cell junction 
to the most distal aspect of the extratemporal facial nerve. 
Most commonly, however, they arise from the perigenicu- 
late, tympanic, or mastoid segments of the nerve. Multiple 
nerve segments are usually involved by the time these 
lesions are diagnosed. Facial weakness or paralysis that pro- 
gresses gradually over weeks or months is the most com- 
mon presentation. Twenty percent of patients with facial 
nerve schwannoma may present with acute facial paralysis 
suggesting Bell palsy. Conductive hearing loss, tinnitus, or 
otalgia occur when neoplasms extend into the middle ear. 

Trigeminal schwannomas are rare lesions that usually 
originate from the gasserian ganglion and may expand 
into posterior and/or middle cranial fossae. Patients pres- 
ent with facial neuralgia, paresthesia, or hypesthesia in 
one or more divisions of the trigeminal nerve. Retroorbital 
pain may be another complaint. When motor function is 
affected, patients describe difficulty when chewing. 

Jugular foramen schwannomas arise within the jugu- 
lar fossa from the sheaths of cranial nerves IX, X, and XI. 
Because they grow vertically along the path of least resis- 
tance, intracranial and extracranial extension of the tumor 
is variable. Vagus nerve origin seems most frequent, fol- 
lowed by glossopharyngeal origin, but it is often difficult to 
identify the nerve from which the tumor is derived. Patients 
present with dysphagia, hoarseness, or shoulder weakness. 
If there is significant intracranial extension, patients may 
note hearing loss, tinnitus, imbalance, or headache. 

On gross and microscopic examination, all temporal 
bone schwannomas are generally the same. They are tan, 
yellow, or pale gray rubbery masses with varying amounts 
of surface vascularity. As they enlarge, schwannomas dis- 
place adjacent soft tissue structures and may become tightly 
adherent to these structures. They appear to have a fibrous 
capsule, but histologic examination shows that the capsule 
may be so thin that tumor cells oppose surrounding tissue 
directly. Tumor cells are spindle shaped and are arranged 
in both Antoni type A and type B patterns (Fig. 147.9). 
The type A pattern consists of densely packed spindle cells 
with aligned or palisading nuclei, termed Verocay bodies. 
The type B pattern, on the other hand, is characterized by 
spindle cells that are loosely arranged in a myxoid stroma. 
Cystic degeneration, necrosis, and hemorrhage are often 
noted, especially in larger tumors. Nuclear pleomorphism 
and hypercellularity might appear consistent with malig- 
nancy, but malignant degeneration of schwannomas is 
highly unusual. 

Radiographic imaging studies may provide the diagnosis, 
but physical examination reveals functional deficits caused 
by the tumor. Otologic exam is generally normal unless 
a facial nerve schwannoma presents as a retrotympanic 
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Figure 147.9 Schwannoma: Histologic section showing delicate, 
tightly organized wavy nuclear palisades known as Verocay bod- 
ies within the hypercellular or Antoni A regions (solid arrow). The 
characteristic pale, eosinophilic cytoplasm is more apparent in rela- 
tively hypocellular Antoni B regions (hollow arrow). 


mass. In patients with cervical extension of jugular fossa 
schwannomas, head and neck examination may show an 
anterosuperior neck mass, sternocleidomastoid muscle 
weakness, or bulge of the lateral pharyngeal wall, sug- 
gesting a mass in the parapharyngeal space. Cranial nerve 
examination showing palatal weakness and vocal cord 
paralysis is also indicative of a jugular fossa lesion. When 
decreased corneal reflexes, facial hypesthesia, and masseter 
muscle weakness are apparent, trigeminal schwannoma or 
other cerebellopontine schwannomas that compress the tri- 
geminal nerve may be the cause. Facial nerve dysfunction 
suggests facial nerve schwannoma rather than vestibular 
schwannoma, but audiometric evaluation helps to differ- 
entiate the two lesions. Sensorineural hearing loss is more 
common in patients with vestibular schwannoma, whereas 
conductive hearing loss is more common in patients with 
facial nerve schwannoma. The preliminary diagnosis of 
schwannoma is made when the deficits discovered on phys- 
ical exam correlate with findings from imaging studies. MRI 
shows a lesion with low signal intensity on T1-weighted 
images that enhances during injection with intravenous 
contrast (Fig. 147.10). HRCT of the temporal bone shows 
expansion or erosion of the fallopian canal and extension 
into the middle ear in patients with facial nerve schwan- 
nomas. HRCT also helps to define skull base anatomy pre- 
operatively in patients with jugular foramen schwannomas. 

Details regarding the management of temporal bone 
schwannomas are beyond the scope of this chapter. Suffice 
it to say that patients generally have three therapeutic 
options: surgical excision, stereotactic radiation therapy, or 
observation. Complete surgical excision is the only cura- 
tive therapy available at this time. The major disadvantage 
is morbidity associated with cranial nerve injury, cere- 
brospinal fluid leak, and central nervous system damage. 
Advanced technology for treating patients with schwanno- 
mas using stereotactic radiosurgery has now been available 


Figure 147.10 Vestibular schwannoma. Axial T1-weighed MRI 
with contrast enhancement showing a left-side internal auditory 
canal lesion that expands medially into the cerebellopontine angle. 
Note the expansion of the porus acusticus (arrowheads). 


for more than 20 years. Long-term follow-up in patients 
treated marginal radiation dosages of 12 to 13 Gy using 
highly accurate tumor targeting technology shows that 
complications can be minimized while tumor growth is 
controlled in approximately 95% (40,41). It is generally 
not recommended for patients with tumors greater than 
3 cm in diameter or in patients who are symptomatic with 
significant brainstem compression. Observation as a man- 
agement option is based on data suggesting that more than 
60% of vestibular schwannomas, especially sporadic and 
intracanalicular tumors, grow very slowly, remain stable in 
size, or involute during an average of 4 years of follow-up 
(42). All three therapeutic options play a role in the man- 
agement of patients with temporal bone schwannomas. 


Meningioma 


Meningiomas are neoplasms that arise from the arachnoid 
layer of the meninges. More specifically, temporal bone 
meningiomas arise from arachnoid cell granulations that 
cluster at the tips of arachnoid villi inside dural venous 
sinuses and at foramina, such as the internal auditory 
canal, the jugular fossa, the geniculate ganglion, and the 
bony sulci near the greater and lesser superficial petrosal 
nerves. Meningiomas are common neoplasms and consti- 
tute between 13% and 20% of all intracranial tumors and 
approximately 10% of all cerebellopontine angle tumors. 
The incidence of meningioma increases with age, with 
the highest incidence rate (40 per 100,000) in individuals 
older than 65 years. Children and even infants can have 
meningiomas, but fortunately this is rare. In children, boys 
are affected as often as girls, and their tumors are generally 
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more aggressive, growing rapidly and becoming relatively 
large before they are diagnosed. In adults, women with 
meningioma outnumber men by at least 2 to 1, especially 
in the older age groups. The most frequent location for 
meningioma of the lateral skull base is on the posterior 
aspect of the petrous bone between the superior and infe- 
rior petrosal sinuses. Less commonly, meningioma pres- 
ents as a tumor that is confined to the internal auditory 
canal, and in rare cases, meningioma presents as an extra- 
cranial neoplasm in the middle ear, the external auditory 
canal, or the infratemporal fossa. 

The etiology of meningioma is the subject of contro- 
versy. The relationship between severe head injuries and 
subsequent development of meningioma a number of years 
later was first suggested by Cushing in the 1920s when he 
observed that meningiomas occur directly beneath a previ- 
ous skull fracture. In most patients, however, there was no 
history of trauma, or the injury may have occurred at a site 
distant from the tumor. Subsequent epidemiologic studies 
have failed to show a causal relationship between trauma 
and the occurrence of meningioma. Genetic factors have 
some role in the pathogenesis of meningioma because 
inherited tumors occur in patients with NF2. In fact, aber- 
rations involving chromosome 22 occur in almost 50% 
of patients with sporadic meningiomas, and abnormali- 
ties have also been identified on chromosomes 1 and 14 
(43). Radiation exposure seems to be clearly linked to the 
occurrence of meningioma. The most convincing evidence 
of this is the discovery that children who were treated 
with low-dose radiation for tinea capitis in the 1950s were 
almost 10 times more likely to develop meningioma. As 
the radiation dose increases, the risk of developing a tumor 
seems to rise. Hormonal stimulation, specifically from pro- 
gesterone and possibly from estrogen, is thought to have a 
role in the genesis and progression of meningioma. This 
has been suggested because meningioma is more common 
in women, there are estrogen and progesterone receptors 
in meningioma, meningiomas seem to change size during 
pregnancy and during the menstrual cycle, and there may 
be a link between meningioma and breast cancer, which 
also has estrogen and progesterone receptors. The details 
relating estrogen or progesterone release and meningioma 
growth are unclear, but such an association could have 
consequences related to prevention, detection, and treat- 
ment of this tumor. 

Meningiomas are well-circumscribed, firm, rubbery, 
nodular masses that invade dural lining, dural sinuses, and 
neurovascular channels. One-fourth of these tumors are 
flat, so-called en plaque tumors, that invade adjacent bone 
and incite an osteoblastic reaction referred to as hyperosto- 
sis. Most meningiomas are benign, but approximately 5% 
have malignant characteristics. These tumors show anaplas- 
tic histologic features and may invade the adjacent brain. 
Metastatic disease is highly unusual. The clinical presenta- 
tion of meningioma is variable and depends on where the 
tumor is located within the temporal bone or skull base. 
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Meningioma of the internal auditory canal is difficult to 
distinguish from vestibular schwannoma, which is more 
common. Both neoplasms present with unilateral sensori- 
neural hearing loss and tinnitus, but auditory complaints 
occur more frequently in patients with vestibular schwan- 
noma. Conversely, meningioma is more likely to cause 
facial twitching, weakness, or paralysis. Meningioma that 
originates on the posterior petrous face expands into the 
posterior cranial fossa, compressing the cerebellum and 
brainstem. These patients present with imbalance or ver- 
tigo and difficulty with fine motor movements. When these 
tumors become very large, they may cause hydrocephalus 
and elevated intracranial pressure resulting in headaches, 
nausea, vomiting, lethargy, and somnolence. Petrous apex 
lesions may extend onto the clivus, into the cavernous 
sinus, or through Meckel cave and into the middle cranial 
fossa. Extensive tumors in these locations can cause trigem- 
inal neuralgia, facial hypesthesia, visual disturbance, and 
headache. Jugular fossa meningiomas may cause dyspho- 
nia, aspiration, and dysphagia, whereas physical examina- 
tion shows palatal weakness, pooling of hypopharyngeal 
secretions, and vocal cord paresis. Geniculate ganglion and 
petrosal nerve tumors result in facial weakness or paraly- 
sis, and conductive hearing loss may occur when tumor 
extends to fill the middle ear. 

The diagnosis is based on histopathologic findings and 
imaging characteristics that are consistent with meningi- 
oma. Histologic features that mark meningioma include 
polygonal- and spindle-shaped cells arranged in nests, 
vascular spaces, and psammoma bodies, which are spheri- 
cal concretions consisting of calcium salts (Fig. 147.11). 
However, the microscopic appearance of meningioma is 
highly variable. Consequently, meningiomas are classi- 
fied as endotheliomatous, fibrous, transitional, angioma- 
tous, and sarcomatous depending on predominant cell 
shape, stromal content, tumor vascularity, and nuclear 


Figure 147.11 Meningioma: Histologic section demonstrating 
laminated calcific spheres known as psammoma bodies (arrow). 
The presence of numerous psammoma bodies indicates slow 
growth and a relatively favorable prognosis. 
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anaplasia. Further, the World Health Organization 
classifies meningiomas based on histologic characteris- 
tics, cellular atypia, and evidence of brain invasion. Both 
methods to classify meningiomas may provide prognostic 
information. In many cases, imaging characteristics on CT 
and MRI are diagnostic. Meningiomas are hyperdense or 
isodense compared with surrounding brain on CT images, 
and they exhibit homogeneous enhancement after con- 
trast injection. Calcification within the tumor or associ- 
ated hyperostosis supports the diagnosis of meningioma. 
Vestibular schwannomas are, on the other hand, isodense 
or hypodense to brain, and they exhibit inhomogeneous 
enhancement and lack of calcification or hyperostosis. 
MR images reveal the broad-based eccentric nature of 
meningioma and may sometimes show obvious dural or 
dural sinus origin (Fig. 147.12). MRI of vestibular schwan- 
noma is more likely to show erosion of the internal audi- 
tory canal where the tumor originates and pronounced 
enhancement with injection of intravenous contrast. 
Intracanalicular lesions are difficult to distinguish on any 
imaging study. 

Meningioma of the skull base and temporal bone 
can be observed with serial imaging, surgically resected, 
treated with radiation, or treated with a combination 
of subtotal resection and postoperative SRS or IMRT. 
Complete surgical removal is the only curative treatment 
available at this time. Resection is recommended for most 
patients with accessible tumors, especially if the patient 
has symptoms and there are no medical contraindica- 
tions to surgery. Under ideal conditions, a Simpson grade 


Figure 147.12 Meningioma. Axial T1-weighted image with con- 
trast showing a left-sided tumor with its wide dural base on the 
posterior petrous face. There is enhancing tumor that extends lat- 
erally into the internal auditory canal (arrowhead), which usually 
indicates schwannoma, but can sometimes be seen with menin- 
gioma. 


I resection is achieved when tumor is removed with a wide 
margin of meninges and adjacent. Less complete resec- 
tions, Simpson grades II to VI, are associated with higher 
recurrence rates. Preoperative angiography helps to iden- 
tify the major feeding vessels of the tumor and may be 
combined with embolization to reduce operative blood 
loss. Despite efforts at total resection, recurrence rates 
for meningioma are relatively high. Even with a Simpson 
grade I resection, meningiomas recur in almost 10% of 
patients. The most important features to consider when 
estimating the probability of surgical cure are tumor loca- 
tion, which may allow complete resection, and lack of 
malignant characteristics. For patients who are not candi- 
dates for surgery, who have residual disease after surgery, 
who have recurrent or unresectable disease, who have 
meningiomas that show malignant characteristics, or who 
elect for nonsurgical therapy, radiation therapy should be 
considered. Recent clinical studies examining the efficacy 
of radiosurgical treatment of skull base meningiomas are 
encouraging. Long-term follow-up data, excluding atypi- 
cal and malignant schwannomas, show local tumor con- 
trol in more than 85% of patients (44). Local control in 
radiosurgery patients may be better when meningiomas 
are treated with radiosurgery alone compared to patients 
treated with radiosurgery postoperatively. Current research 
focuses on hormonal treatment, targeted chemotherapy, 
gene therapy using adenovirus vectors, and other forms of 
medical therapy that might help to arrest tumor growth 
and prevent recurrences. 


Lipoma 


Lipomas of the internal auditory canal and the cerebello- 
pontine angle are rare but potentially problematic tumors 
that may originate from the aberrant differentiation of 
neural crest cells into adipocytes. Bigelow et al. (45) pro- 
vide the most comprehensive review of this subject in their 
multiinstitutional study and review of the world literature. 
They recorded 84 documented cases of lipoma of the inter- 
nal auditory canal and cerebellopontine angle and studied 
the clinical findings in each case. Patients ranged in age 
from 7 months to 82 years with an average age of 40 years. 
Tumors predominated in males by a ratio of 2:1. Lipomas 
measured from 1 to 26 mm in diameter with a mean of 
11 mm. Three patients presented with bilateral tumors. 
Ninety-two percent of patients were symptomatic. They 
most often presented with hearing loss, dizziness, tinnitus, 
and headache. Lipomas are fatty masses that may envelop 
the neurovascular structures of the internal auditory canal 
and cerebellopontine angle. Large lipomas may be adher- 
ent to the lateral aspect of the brainstem. Some lipomas 
have highly vascularized outer surfaces and are more accu- 
rately classified as angiolipomas. Biopsy specimens show 
benign mature adipocytes and varying amounts of fibrous 
tissue. Lipomas may infiltrate cranial nerves and surround 
component fascicles of nerve fibers. 
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Lipomas have unique imaging characteristics. Therefore, 
a definitive diagnosis can be obtained from an MRI. On 
MRL, lipomas are similar to subcutaneous fat with high sig- 
nal intensity on T1-weighted images and diminished sig- 
nal intensity on T2-weighted images. T1-weighted images 
do not enhance with injection of intravenous contrast 
because the tumor signal is near saturation. MRI with fat 
suppression further confirms the diagnosis. Follow-up for 
most patients with unresected tumors has been short, and 
thus, the rate of growth of lipoma, thought to be very slow, 
is unknown. The only documented instance of the growth 
of a lipoma involves a patient with a 2-cm tumor that was 
biopsied but not removed. The tumor enlarged 15% over 
an 8-year period. Review of surgical outcomes shows that 
complete tumor resection is possible in only one-third of 
patients and 68% suffer postoperative neurologic deficits. 
Forty-three percent of postoperative patients have improve- 
ments in symptoms, but only 19% have improvement with 
no new neurologic deficits. From this experience, it is clear 
that expectant management is advisable in most cases. 
Surgical therapy should be reserved for patients with pro- 
gressive or disabling symptoms. 


METASTATIC DISEASE OF THE 
TEMPORAL BONE AND LATERAL 
SKULL BASE 


Temporal bone metastases resulting from distant malignan- 
cies are an infrequent but not insignificant occurrence. In 
the largest series of patients with temporal bone metastases 
studied to date, 47 metastases to the temporal bone were 
documented at autopsy in a population of 212 individuals 
with primary nondisseminated malignant neoplasms (46). 
The most common sites of origin of temporal bone metas- 
tases in order of decreasing frequency are breast, lung, 
kidney, gastrointestinal tract, larynx, prostate gland, and 
thyroid gland. The incidence of bilateral involvement may 
exceed 50%. Metastatic involvement of the temporal bone 
may occur as the first evidence of distant malignant disease, 
first presenting as hearing loss and later as facial paralysis or 
dysequilibrium. There is usually a conductive hearing loss 
that may be accompanied by pain. More frequently, tempo- 
ral bone involvement is occult and occurs late in the course 
of disease. Tumor cells may accumulate preferentially in 
area of bone with sluggish blood flow, including the mar- 
row and aerated regions. Areas of the temporal bone that 
show a predilection for metastatic disease include the 
petrous apex, the mastoid, and the internal auditory canal. 
The bony labyrinth appears to resist neoplastic invasion 
because inner ear involvement is uncommon. 

Metastatic disease should be considered as a possible 
cause of hearing loss in a patient with a clinical history of 
malignant neoplasm, especially in patients with rapidly 
growing temporal bone lesions associated with progressive 
neurological symptoms. 
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m Paragangliomas of the temporal bone arise from 


nonchromaffin paraganglia, or glomus bodies, 
which originate from the neuroendocrine system. 
Glomus jugulare tumors arise within the jugular 
fossa, and glomus tympanicum tumors arise along 
the course of the tympanic branch of cranial nerve 
IX (Jacobson nerve) and along the course of the 
auricular branch of cranial nerve X (Arnold nerve). 


m Temporal bone and cerebellopontine angle epi- 


dermoids are aberrant collections of keratin debris 
within a sac of squamous epithelium. They result 
from entrapment of ectodermal rests during embryo- 
genesis and therefore are categorized as congenital 
lesions. Epidermoids expand to fill empty spaces and 
incite a localized inflammatory reaction. Thus, they 
are usually large and very adherent to surrounding 
structures by the time they are treated with surgery. 
Patients with cutaneous carcinomas of the external 
auditory canal may present with symptoms simi- 
lar to those of patients with chronic otitis externa. 
Chronic bloody drainage and sudden onset of deep 
ear pain are indicators of a possible malignancy and 
indicate the need for biopsy. 

Melanoma accounts for more than 75% of deaths 
from cutaneous malignancies. Excisional biopsy 
for early diagnosis is the key first step to optimize 
therapeutic outcomes. Sentinel node mapping using 
lymphoscintigraphy is the primary method of iden- 
tifying nodal drainage patterns for these neoplasms, 
and high-dose interferon-alpha-2b may benefit 
patients with high-risk disease. 


m Aggressive papillary tumors of the middle ear 


appear to be derived from the pars rugosa portion of 
the endolymphatic sac. They are slow growing but 
aggressive tumors that erode and spread extensively 
throughout the temporal bone and often recur after 
surgical treatment. Endolymphatic sac tumors occur 
in more than 10% of patients with von Hippel- 
Lindau disease, and therefore, these patients require 
screening. 

Embryonal rhabdomyosarcoma accounts for 30% 
of sarcomatous temporal bone neoplasms and 
is the most common sarcoma of this region. It is 
derived from pluripotential mesenchymal cells 
that differentiate into primitive skeletal muscle 
cells. Most patients are less than 12 years old and 
present with hemorrhagic aural drainage, a friable 
aural polyp, mastoid swelling, and facial nerve dys- 
function. Current therapy includes limited surgical 
intervention, external beam radiation therapy, and 
chemotherapy. 
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m= Chordomas result from defective embryonic rem- 
nants of the notochord. They are semitranslucent 
neoplasms that contain gelatinous material and 
are histologically characterized by clusters of phys- 
aliphorous (soap-bubble) cells in a mucoid matrix. 
Most chordomas occur in the clivus, but some origi- 
nate or extend laterally into the petrous apex. 

m= Schwannomas of the lateral skull base are neo- 
plasms that arise from Schwann cells at the tran- 
sition zone between central myelin-producing 
oligodendrocytes and peripheral myelin-producing 
Schwann cells. What initiates the growth of these 
neoplasms is unknown, but aberrations or muta- 
tions on the long arm of chromosome 22, such as 
those that occur in NF2, reduce or eliminate merlin 
production, and this leads to demodulation of ErbB 
receptors in Schwann cells. 

m Microscopic examination of schwannomas is char- 
acterized by spindle-shaped cells arranged in Antoni 
type A and type B patterns. The type A pattern con- 
sists of densely packed cells with palisading nuclei, 
termed Verocay bodies. The type B pattern consists 
of loosely arranged spindle cells in a myxoid stroma. 

m Meningiomas are neoplasms that arise from the 
arachnoid layer of the meninges. Imaging studies of 
cerebellopontine angle meningiomas show homo- 
geneous enhancement of a broad-based eccentric 
neoplasm that may contain speckled calcifications 
and may initiate a local hyperostotic reaction. 
Vestibular schwannomas, conversely, often exhibit 
heterogeneous enhancement and are “mushroom 
shaped,” showing internal auditory canal origin and 
erosion. 
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Congenital Malformation 
of the Ear 


Paul R. Lambert 


Atresia of the ear canal with middle ear anomalies can 
occur in isolation or in association with microtia or cranio- 
facial dysplasia. The reported incidence is 1 in 10,000 to 
20,000 births. Genetic transmission occurs in many of the 
syndromes that include aural atresia (e.g., Treacher Collins 
syndrome), but it is rarely found in cases of isolated atre- 
sia. Aural atresia is bilateral in approximately one-third of 
the cases, and each side can vary in complexity (1). 

The evaluation and treatment of aural atresia pres- 
ent a number of challenges to the otologic surgeon. First, 
overall hearing must be assessed and the need for imme- 
diate amplification determined. The second challenge is 
to formulate a long-term rehabilitation strategy. The key 
component of this challenge is to determine if surgical cor- 
rection of the atresia is appropriate. This decision process 
requires the integration of results from audiometric and 
radiographic studies with a qualitative assessment of the 
patient’s functional hearing status and the probability of 
restoring serviceable hearing. If surgery is recommended, 
the last challenge becomes the operative procedure itself, 
which is made complex by abnormal development of the 
temporal bone. This fact places the facial nerve and laby- 
rinth at a greater risk than that encountered in routine 
temporal bone surgery and complicates the healing pro- 
cess, particularly for canal patency. This chapter reviews the 
concepts and protocols necessary to meet these challenges 
successfully. 


Placed in the context of congenital aural atresia, a general 
knowledge of the embryologic development of the ear is 
fascinating and essential for understanding the altered sur- 
gical anatomy. Development of the first pharyngeal pouch, 
the first and second branchial arches, the first branchial 
cleft, and the otic capsule must all be considered in this 
discussion. 
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External Auditory Canal 


The external ear canal is derived from the first branchial 
groove (cleft), between the mandibular and hyoid arches. 
It is initially represented by a solid core of epithelial cells 
that extends down to the area of the tympanic ring and first 
pharyngeal pouch. This core of cells remains in place until 
the middle trimester of fetal life, a time when most struc- 
tures of the inner, middle, and outer ear are well differenti- 
ated. At this point, absorption of the epithelial cells begins, 
progressing in a medial to lateral direction. If this canaliza- 
tion process is arrested prematurely, it is possible to have a 
more normally developed tympanic membrane and bony 
external ear canal associated with an atretic or very stenotic 
membranous canal, a situation that predisposes to canal 
cholesteatoma formation as the trapped squamous epithe- 
lium continues to desquamate. 

The medial portion of the external ear canal is formed 
by the tympanic bone. This structure begins to ossify in the 
third embryonic month, eventually forming the tympanic 
ring and osseous ear canal; the latter structure continues its 
lateral growth during the first and second postnatal years. 
Malformation of the tympanic bone produces atretic bone 
at the level of the tympanic membrane and results in atre- 
sia of the ear canal (2). The mandibular condyle articulates 
with this rudimentary tympanic bone. 


Mastoid and Middle Ear 


The eustachian tube, middle ear, and mastoid air cells are 
derived from the first pharyngeal pouch. Although the mid- 
dle ear cavity and mastoid air cells are smaller than normal 
in patients with aural atresia, no anatomic or clinical stud- 
ies show impaired eustachian tube function in these ears. 
Pneumatization of the mastoid is a late embryologic event, 
starting at the seventh or eighth month and continuing 
into postnatal life. A well-pneumatized mastoid usually 


indicates good middle ear development, including size of 
the tympanum and formation of the ossicles. The relation- 
ship between middle ear development and degree of dif- 
ferentiation of the pinna is disputed (3). 

The ossicles, except for the vestibular portion of the 
stapes footplate, are formed from the first and second 
branchial arches. The external ear canal and tympanic 
membrane are derived from the first branchial cleft. 
Isolated branchial arch (ossicular) or branchial cleft (exter- 
nal ear canal) deformities are possible, but usually these 
malformations occur in combination (2). Other branchial 
arch defects may occur, especially mandibular hypoplasia. 
The stapes footplate is formed in part from the otic cap- 
sule, and in most cases it is normally developed in ears 
with congenital atresia. It is uncommon to encounter a 
fixed stapes footplate in the usual major congenital ear 
malformation, although the superstructure is frequently 
deformed. This information is important, because the sta- 
pes is often partially obscured by the lateral ossicular mass 
or the facial nerve in atretic ears, and its normal mobility 
may be difficult to determine with certainty. 

Absence of the stapes footplate and oval window can 
occur, but this is usually encountered in a patient with a 
patent external ear canal and normal-appearing tympanic 
membrane rather than in a patient with aural atresia (4). It 
has been suggested that this condition is caused by abnor- 
mal development of the facial nerve (5,6). By the fifth to 
sixth week of gestation, the horizontal and vertical segments 
of the facial nerve are evident (6). If anterior displacement 
of the facial nerve occurred at this time, the nerve could 
become interposed between the otic capsule and the stapes 
blastema, which is beginning to grow toward the otic cap- 
sule. This would interfere with further stapes development, 
resulting in a rudimentary ossicle attached to the incus. 
Continued growth of the stapes toward the otic capsule 
could result in the rudimentary crura becoming embedded 
in the displaced facial nerve (4). Because the stapes never 
contacts the otic capsule, an oval window does not form. 
With further anterior displacement of the facial nerve, it is 
possible for that structure to course across the promontory, 
inferior to the region of the oval window (4). It has been 
hypothesized that displacement of the facial nerve occurs 
because of underdevelopment of the first branchial arch 
(5). This results in a compensatory overshifting of the sec- 
ond branchial arch, and its nerve follows this shift, assum- 
ing a more anterior position. 


Inner Ear 


The membranous labyrinth is derived from the ectodermal 
otocyst. In most cases of isolated aural atresia, sensorineu- 
ral and vestibular functions are normal. A comprehensive 
review of inner ear abnormalities in aural atresia was recently 
reported by Vrabec and Lin (7). Their study included aural 
atresia within a broad spectrum of conditions termed “cra- 
niofacial microsomia” (e.g., CHARGE, branchiootorenal 
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Figure 148.1 Aural atresia with inner ear dysplasia. Axial CT 
shows absence of the external auditory canal, incomplete partition 
of the upper turns of the cochlea (arrow), and an enlarged lateral 
semicircular canal (arrowhead). 


syndrome, Treacher Collins syndrome). They noted an inner 
ear anomaly by computed tomography (CT) in 22% of 105 
patients, with an abnormality of the horizontal semicircular 
canal and/or vestibule accounting for over half (Fig. 148.1). 
A sensorineural hearing loss, usually mild and defined as 
a bone-conduction threshold greater than 20 dB involving 
two or more frequencies, was found in 15% of patients; the 
sensorineural hearing loss was usually mild. 


Facial Nerve 


Preoperative facial nerve weakness is uncommon in iso- 
lated aural atresia, but can be seen in 10% to 15% of 
patients with aural atresia in association with other cranio- 
facial anomalies (7). Facial nerve abnormalities are com- 
mon in cases of aural atresia (8,9). Bony dehiscence of the 
fallopian canal frequently occurs, and the facial nerve may 
also take an anomalous course. Typically, the facial nerve 
makes an acute angle at the second genu, crossing the 
middle ear in a more anterior and lateral direction to exit 
into the glenoid fossa. This abnormal position of the mas- 
toid segment of the facial nerve places it at jeopardy when 
drilling the posterior inferior portion of the new external 
ear canal. As the facial nerve exits the skull, it may lie just 
deep to the area of the tragus. Inadvertent injury to the 
nerve can occur if undermining of the auricle is necessary 
to better align the meatus and newly created external ear 
canal. A correlation between the degree of microtia and 
the extent of facial nerve abnormality has been observed 
(3,10). An association between preoperative facial nerve 
dysfunction and inner ear abnormality by CT has also 
been noted (7). 
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CLASSIFICATION 


Patients with congenital aural atresia are classified on the 
basis of auricular development and external canal/middle 
ear development. Deformity of the auricle is straightfor- 
ward and is divided into three grades (11). Grade I microtia 
represents a minor malformation, with the auricle being 
smaller than normal but with all parts discernible. In grade 
II microtia, the auricle is represented by a curving or verti- 
cal ridge of tissue. In grade III microtia, any resemblance to 
an auricle is lost, and only a small rudimentary soft tissue 
structure is present. 

Classification of the external canal/middle ear deformity 
has been more problematic because of the various parameters 
that have been used, including clinical examination, radio- 
graphic findings, surgical observations, or histopathologic 
studies. Ombredanne (12) proposed dividing congenital 
aural atresia into two groups only, major and minor malfor- 
mations. This classification scheme is attractive because of 
its simplicity and clinical utility. With minor modifications, 
the following descriptions reflect Ombredanne’s criteria. 


Major Malformation 


In the major malformation group, the external ear canal and 
tympanic membrane are usually absent, although cases of 
severe canal stenosis are also included. A small rudimentary 
tympanic membrane attached to a bony septum is occa- 
sionally seen in the canal stenosis patients, but typically the 
stenosis prevents visualization of the medial aspect of the 
ear canal. The size of the middle ear space is reduced, and 
the malleus and incus are deformed, fused, and fixed to the 
atretic bone. In severe cases, the middle ear space is very hypo- 
plastic, and ossicles are rudimentary or absent. Dehiscence 
or displacement of the facial nerve can be expected in most 
major malformations. Grade II or III microtia is common, 
and inner ear function is usually normal. 


Minor Malformation 


The significant defect in the minor malformation group 
involves the middle ear. A conductive hearing loss exists 
because of absence or deformity of one or more ossicles or 
fixation of the ossicular chain. Abnormalities of the stapes 
may be more severe in the minor malformation group than 
in the major group. The middle ear space and tympanic 
membrane are normal or only slightly smaller. The external 
ear canal is patent but may be mildly stenotic. Dehiscence 
or displacement of the facial nerve can occur, and the pinna 
is normally developed or only slightly deformed. 


PATIENT EVALUATION 


Most cases of major congenital ear malformations are 
evident at birth because of microtia or other craniofa- 
cial anomalies. Patients with a normal or only slightly 


deformed pinna and a stenotic or blindly ending external 
auditory canal, however, may escape diagnosis for years. 
Unilateral minor congenital ear malformations with a 
patent ear canal and normal tympanic membrane can be 
more difficult to diagnose and may be discovered only 
with routine hearing screening in school. 

The evaluation of an infant or young child with con- 
genital aural atresia must involve both the functional and 
cosmetic aspects of this condition. First, one must assess 
the overall hearing status and need for immediate amplifi- 
cation. Second, one must formulate a treatment plan that 
usually includes consultation with other specialists (e.g., 
plastic surgery, genetics, developmental pediatrics.) 


PHYSICAL EXAMINATION 


The initial focus of the physical examination is on overall 
craniofacial development, because abnormalities or syn- 
dromes involving the first or second branchial arch may 
be associated with the aural atresia. Careful palpation of 
the mandible may reveal a mild hemifacial microsomia not 
immediately obvious on inspection. Development of the 
palate and other intraoral structures should be assessed. 
The degree of microtia is observed, as is mastoid develop- 
ment. The caliber of the external auditory canal should be 
graded as normal, stenotic (i.e., mild or severe), blindly 
ending, or completely atretic. If possible, the tympanic 
membrane is examined otoscopically. Displacement of the 
malleus handle (usually anteriorly) or a bony shelf extend- 
ing from the posterior canal wall may exist. Mobility of the 
tympanic membrane and malleus handle is determined. 
Any abnormalities of the digits, limbs, or cervical vertebra 
are noted. 

In the case of a child, achievement of neurologic mile- 
stones, such as speech and ambulation, is assessed by his- 
tory and direct observation. This information can provide 
insight into auditory and vestibular development. Each 
major division of the facial nerve is carefully examined and 
any weakness observed. It is rare to encounter a paresis or 
paralysis involving the entire hemiface, although there is 
occasionally involvement of the lower face or lip area. The 
most common anomaly of facial function is a congenital 
absence of the depressor anguli oris muscle. 


Audiometric Evaluation 


Auditory assessment in patients with unilateral atresia is 
usually straightforward. Behavioral audiometry can be 
used in most cases, although auditory brainstem response 
testing may be necessary in young infants or children who 
are difficult to test. Patients with bilateral atresia present 
more of a challenge because of the masking dilemma. 
In such cases, it is essential to determine the level of 
cochlear function in each ear to prevent operating on an 
only-hearing ear or on an ear with little or no potential for 
hearing improvement. It is unsafe to assume that cochlear 


function is normal bilaterally, even if inner ear develop- 
ment appears normal by CT. Objective data are needed, 
and bone-conduction auditory brainstem response testing 
can provide this (13). This testing involves placing record- 
ing electrodes near both ears to measure the responses to a 
bone-conduction stimulus. 

Wave I of the auditory brainstem response is generated 
by the distal portion of the auditory nerve. There is mini- 
mal crossover of this small potential to the contralateral 
ear, and it is thus best measured by a recording electrode 
ipsilateral to the stimulated side. When recording simul- 
taneously from both ears with surface electrodes, the pres- 
ence of a wave I should represent the response from the 
ear being stimulated only. Although stimulation of each 
ear independently is not possible with a bone-conducted 
signal, the wave I response is ear specific, thereby allowing 
differential assessment of cochlear function. 

If the ear canals are patent, electrocochleography can be 
used in a similar way to obtain ear-specific information. 
Instead of surface electrodes, a transtympanic, tympanic 
membrane, or canal electrode are possible, providing a 
more robust wave I response. 


Computed Tomography 


CT of the temporal bone is necessary in all patients being 
considered for surgery. It is also recommended in patients 
with stenosis of the external auditory canal to examine for 
possible cholesteatoma formation. To completely assess 
middle ear development, images in the axial (i.e., parallel 
to the line from the infraorbital rim to the external meatus) 
and coronal (i.e., parallel to the ramus of the mandible) 
planes are necessary. For example, the body of the malleus 
and incus, the incudostapedial joint, and the round win- 
dow are best seen on axial images, but the stapes, the oval 
window, and the vestibule are best delineated on coronal 
images; both planes are necessary to follow the course of 
the facial nerve. Modern CT scanners can provide images in 
both planes without having to irradiate the patient twice. 
A 64-slice CT scanner (or better) is preferred to create diag- 
nostic reformatted coronal images. 

Assuming normal sensorineural function has been con- 
firmed audiometrically, the decision to operate depends 
primarily on the degree of middle ear development, as 
reflected by the size of the tympanum and status of the 
ossicles. CI is also important for assessing the develop- 
ment of the cochlear and vestibular labyrinths because 
their appearance can influence middle ear surgery. For 
example, an enlarged vestibule and horizontal semicircular 
canal suggest the possibility of an abnormal communica- 
tion between the perilymph and cerebrospinal fluid. In 
such cases, manipulation of the stapes should be avoided. 

The course of the facial nerve usually can be delineated 
by CT. The inability to define this structure precisely, how- 
ever, is not a contraindication to surgery, assuming that the 
other criteria for middle ear development are met. 
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Cholesteatoma can occur in association with congeni- 
tal aural atresia. Occasionally, sufficient canalization of 
the external canal occurs such that a space develops in the 
medial end of the bony canal. Because the lateral end of 
the canal remains atretic or stenotic, the potential for cho- 
lesteatoma formation exists. Early in the development of 
this problem, symptoms such as pain or drainage from the 
ear canal or a fistulous track may be absent, and the diag- 
nosis can only be made by CT. 

Temporal bone CT is performed near the time of opera- 
tion. Radiographic studies on infants are usually not rec- 
ommended because the information is rarely applicable 
to immediate rehabilitative plans. In very young children, 
poor patient cooperation often necessitates anesthesia or 
results in a suboptimal study that must be repeated later. 
Almost all patients with cholesteatoma formation are 
older than 3 years, which is another reason to delay the CT 
evaluation until the patient is beyond that age (14). 


MEDICAL MANAGEMENT 


Unilateral Atresia 


No immediate medical intervention is necessary in the 
infant discovered to have unilateral atresia, assuming 
there is normal hearing in the contralateral ear by ABR 
and OAE testing. The parents can be reassured that speech, 
language, and intellectual development will proceed nor- 
mally. Preferential seating in school and possibly an FM 
system are advised, but a hearing aid is not recommended 
because of poor acceptance by most children. Many adults, 
however, find the consequences of unilateral hearing loss 
from atresia to be a significant aggravation at work and in 
social settings, and they more readily accept hearing aids. 
In patients with atresia of the ear canal, a bone-conduc- 
tion hearing aid must be used. If the canal is only stenotic, 
an air-conduction aid is preferred because of cosmesis, 
improved sound localization (ie, stimulation of one 
cochlea only), broader frequency response, less sound dis- 
tortion, and comfort. 


Bilateral Atresia 


Early amplification within the first 3 to 4 months of life 
is essential in infants with bilateral atresia. Initial medical 
and audiologic evaluations can be completed within the 
first few months of life and a bone-conduction hearing aid 
or soft band BAHA can be fitted soon thereafter. 


SURGICAL MANAGEMENT 


Unilateral and Bilateral Atresia Repair 


Although most otologic surgeons would consider atresia 
repair in bilateral cases, many are reluctant to operate on 
unilateral atresias. The issue is not the unilateral aspect 
of the hearing loss because most otologic surgeons will 
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explore the middle ear of a child with a large unilateral 
conductive hearing loss due to other causes (e.g., trauma, 
infection). The concern is the degree and predictability 
of hearing improvement that can be achieved, potential 
lifetime care of a mastoid cavity, and the risk to the facial 
nerve in atresia surgery. These concerns have prompted 
many surgeons to recommend delaying surgery in unilat- 
eral cases until adulthood, when patients can make their 
own decision based on the risks and benefits. 

An improvement in the hearing threshold to 25 dB or 
better eliminates the handicap of unilateral hearing loss. 
This degree of hearing improvement is not possible in all 
atresia patients, but it can be achieved in at least 50% of 
carefully selected patients. A mastoid cavity is not created 
if the “anterior” surgical approach is used, and risk to the 
facial nerve is minimized by understanding the abnormal 
development of this structure and by using intraoperative 
facial nerve monitoring. I and others contend that the ben- 
efits of binaural hearing and the possibility of achieving 
that goal are sufficiently great to offer corrective surgery to 
carefully selected children with unilateral atresia (10,15). 

Patients with bilateral atresia present less of a surgical 
dilemma. The goal in these cases is to restore sufficient 
hearing so that amplification is no longer needed. In con- 
tradistinction to ear selection for other otologic disorders, 
the “best” (as determined by CT evaluation) ear is selected 
for the initial surgical procedure. Most surgeons recom- 
mend operating as the child approaches school age and, 
depending on the hearing result, on the second ear within 
the next several years. As with many conductive hearing 


losses (e.g., otosclerosis), the possible use of amplifica- 
tion with a BAHA should be discussed. The probable need 
for yearly or semiannual cleaning of the reconstructed ear 
canal should also be acknowledged. 


Selection Criteria 


Most patients undergoing atresia repair have a residual 
conductive deficit of at least 10 dB. Sensorineural function 
should be normal to achieve binaural hearing in unilateral 
cases or to obviate the need for a hearing aid in bilateral 
cases. Normal or near-normal sensorineural function in 
the contralateral ears is also important to avoid operating 
on the better hearing ear. 

Although audiometric criteria can be defined quanti- 
tatively, the real art of patient selection is centered on the 
CT evaluation of the middle ear. Hypoplasia of the middle 
ear space, ranging from mild to severe, occurs in most cases 
of congenital atresia, and ossicular development can be 
expected to correlate directly with middle ear size. The risk 
of surgical complications will be minimized and the chances 
for a successful hearing result are increased if the middle ear 
and mastoid size are at least two-thirds of the normal size 
and if all three ossicles, although deformed, can be identi- 
fied (Figs. 148.1 and 148.2). CT demonstration of the oval 
and round windows and a near-normal course of the facial 
nerve further define the ideal surgical candidate. The rela- 
tionship of the facial nerve to the oval window (ie., nor- 
mally positioned or overhanging) and the position of the 
vertical segment are noted. Severe anterior displacement of 
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Figure 148.2 A: Aural atresia with mild middle ear dysplasia. Coronal CT shows an intact stapes 
with an intact incudostapedial joint (arrowhead), but the malleoincudal complex (arrow) is not prop- 
erly formed. The tympanic segment of the facial nerve has a normal course. This patient would be a 
candidate for surgery. B: Aural atresia with severe middle ear dysplasia. Axial CT shows a diminutive 
middle ear cavity with no visible ossicles. The oval window is sclerosed (arrow), and the tympanic seg- 
ment of the facial nerve is displaced laterally (arrowhead). This patient is not a candidate for surgery. 


L\5) JAHRSDOEFER GRADING SYSTEM 
4 Y-E: 30) FOR CONGENITAL AURAL ATRESIA 


Points? 


Parameter 


Stapes present 2 
Oval window patent 
Middle ear space 

Facial nerve 
Malleus—incus complex 
Mastoid pneumatization 
Incus-stapes connection 
Round window 

External ear appearance 
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Total points: 8, good prognosis; 7, fair prognosis; 6, marginal candi- 
date; 5, poor prognosis. 

From Jahrsdoerfer RA, Yeakley JW, Aguilar EA, et al. Grading sys- 
tem for the selection of patients with congenital aural atresia. Am J 
Otolaryngol 1992;13:6-12, with permission. 


the vertical segment of the nerve restricts access to the mid- 
dle ear space, reducing the chance for a successful hearing 
result and increasing the chance of facial nerve injury. 

The Jahrsdoerfer grading system that quantifies the 
developmental status of the ear has been shown to predict 
postoperative hearing results (Table 148.1) (16). Specific 
dimensions of the mesotympanum can also be analyzed 
to further refine the CT analysis of atretic ears. Oliver et al. 
defined mesotympanic height, length, and weight measure- 
ment landmarks and showed a strong correlation with post- 
operative speech reception threshold (SRT) (17). Height 
of the mesotympanum was measured on the coronal scan 
from the horizontal facial nerve to the first bony promi- 
nence inferiorly (in normal ears, this would be the bony 
annulus). On the same coronal cut, width of the mesotym- 
panum was measured as the distance between the oval win- 
dow and the atretic bone (scutum in normal ears). Length 
of the mesotympanum was measured on the axial CT as 
the distance from the promontory to the nearest posterior 
lateral bone (usually the bone overlying the vertical facial 
nerve). If the area (height x width of the mesotympanum) 
was >20 mm”, patients were six times more likely to have an 
SRT < 25 dB. If the mesotympanum volume was =42 mm, 
Patients were 24 times more likely to have an SRT < 25 dB. 
Clearly, volume of the middle ear is a critical determinant 
of success in atresia surgery. This calculation will be facili- 
tated as more sophisticated radiographic software programs 
designed to measure volumes of irregular shapes and con- 
tours, such as characterize the middle ear, become available. 

In unilateral atresia cases, only the ideal candidates are 
selected; in bilateral cases, the minimal criteria are a mid- 
dle ear of at least one half normal size and the presence 
of an ossicular mass. Overall, only about 60% of patients 
with aural atresia are surgical candidates. 

Often the CT findings can be anticipated by the physical 
examination. For example, poor middle ear development 


Chapter 148: Congenital Malformation of the Ear 


2389 


is more frequently seen in patients with craniofacial defor- 
mities than in patients with isolated aural atresia. Patients 
with Treacher Collins syndrome often have truly bizarre 
middle ear findings. In general, the better developed the 
auricle, the larger and better developed the middle ear. 


Timing of Surgery 


If elected, surgery can be performed as early as 6 to 7 years 
of age. By this time, accurate audiometric tests have been 
obtained, pneumatization of the temporal bone is well 
advanced, and most children are able to cooperate with 
postoperative care. This timing also permits microtia repair 
to be well under way. 

In microtia patients requiring major external ear recon- 
struction, it is reasonable for the reconstructive surgeon to 
operate first. This ensures a virgin field without scars or com- 
promised blood supply, optimizing survival of the implanted 
auricular framework. The overall cosmetic result should also 
be better without the restriction of having to reconstruct the 
auricle around a bony canal drilled in the temporal bone. 
Typically, the otologic surgery is performed midway through 
the multistaged microtia repair, after the auricular frame- 
work has been implanted and the lobule transposed but 
before the tragus is reconstructed and the auricle is elevated 
from the side of the head. Although the reconstructed auricle 
may not be centered exactly over the created bony canal, it 
can be repositioned with appropriate undermining so that 
the meatus and external canal are aligned. 


Cholesteatoma 


Cholesteatoma in congenital aural atresia results from 
squamous epithelium, which has been trapped within the 
medial ear canal after an arrest of the canalization process. 
The membranous canal may appear completely closed in 
these cases, but usually shows either a pinhole opening or 
severe stenosis. There is one reported case of a cholesteatoma 
appearing medial to the atretic bone in a patient with com- 
plete canal atresia (18). In this patient, an epidermoid rest in 
the middle ear was hypothesized as the origin of the lesion. 
Cole and Jahrsdoerfer (14) reviewed a series of 50 
patients (54 ears) with an average canal diameter of 4 mm 
or less and found that 50% of them developed a cholestea- 
toma. Patient age and exact canal size were important vari- 
ables in predicting disease. For example, no cholesteatomas 
were found in patients younger than 3 years, and bone 
erosion and middle ear involvement from a canal choles- 
teatoma were not encountered in patients younger than 
age 12. The preponderance of cholesteatomas developed 
in canals 2 mm or less in diameter. Beginning in young 
adolescence, individuals with severe canal stenosis are at 
a particular risk for cholesteatoma formation (i.e., 10 of 11 
ears in the series reported by Cole and Jahrsdoerfer (14)). 
The usual presenting symptom in these patients is drainage 
from the ear canal or from a fistula track postauricularly. 
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Patients with cholesteatoma, regardless of CT or audio- 
metric findings, should undergo surgery to eradicate the 
disease process and, if possible, improve hearing. Patients 
with stenosis of the external canal who are at risk for cho- 
lesteatoma formation should also be considered for sur- 
gery. Given these data on the risk of canal cholesteatomas, 
management protocols can be set forth. Patients with ste- 
nosis extensive enough to prevent adequate cleaning of the 
canal and examination of the tympanic membrane should 
have CTs by age 4 or 5, even if there is no aural drainage. 
Assuming a cholesteatoma is not found, several options 
are available, depending on middle ear development. If the 
CT findings are favorable with regard to hearing improve- 
ment, canal and middle ear surgery is advised at this time. 
Canaloplasty alone is offered to patients with unfavorable 
middle ear findings. If the parents are uncomfortable with 
surgery, a CT should be obtained every few years to rule 
out cholesteatoma development. Periodic CTs are not nec- 
essary in patients with a completely atretic ear canal, given 
the rarity of cholesteatoma formation in that setting. 


SURGICAL TECHNIQUE 


There are two basic surgical approaches for repair of aural 
atresia: the mastoid approach and the anterior approach. In 
the mastoid approach, the sinodural angle is first identified 
and followed to the antrum (19-21). The facial recess is 
opened and the incudostapedial joint separated. The atretic 
bone is then removed. In the anterior approach, as popu- 
larized in this country by Jahrsdoerfer (3), exposure of the 


Small depression into TMJ 


Temporal bone remnant 


Mastoid 


mastoid air cells is limited. Drilling is confined to an area 
defined by the temporomandibular joint (TMJ) anteriorly, 
the middle cranial fossa dura superiorly, and the mastoid 
air cells posteriorly. An advantage of the anterior approach 
is that a large mastoid cavity with its attendant problems of 
debris accumulation and infection is avoided. There is also 
less surgical manipulation in the area of the mastoid seg- 
ment of the facial nerve, and the more cylindrical contours 
of the new canal with limited mastoid exposure facilitate 
placement of the split-thickness skin graft. For these rea- 
sons, the anterior approach is preferred and is the tech- 
nique described here. Facial nerve monitoring is used. 


Incision 


A postauricular incision is used to expose the mastoid 
bone. The soft tissues are elevated anteriorly until a depres- 
sion is encountered. In most major malformations, this 
depression is the TMJ, although occasionally a stenotic 
bony ear canal may be encountered. Dissection within this 
area may be necessary to differentiate between the two, 
but the manipulation should be limited because the facial 
nerve frequently exits the skull into the glenoid fossa. 


Drilling a Canal 


In most atretic ears, a tympanic bone remnant is not iden- 
tified, but occasionally it is present and clearly demar- 
cated from the surrounding cortex (Fig. 148.3). In such 
instances, the atretic bone serves to direct the drilling for 


Fused incus 
2nd malleus 


Figure 148.3 A: Through a postauricular incision, the soft tissues have been elevated to reveal the 
mastoid cortex and the atretic bone (tympanic bone remnant). Notice the depression anterior to the 
atretic bone, which represents the temporomandibular joint (TMJ). B: Axial section. 


Middle cranial 
fossa dural plate 
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Figure 148.4 The initial stage of drilling an external auditory canal is shown. Landmarks for the 
canal include the middle cranial fossa dura superiorly, the temporomandibular joint (TMJ) anteriorly, 


and the mastoid air cells posteriorly. 


the external canal. Even when not identified, there is suf- 
ficient space between the glenoid fossa anteriorly and the 
mastoid air cells posteriorly for a canal. Drilling is begun 
just slightly posterior and superior to the glenoid fossa. 
The tegmen is the critical landmark to define initially. 
Drilling toward the middle ear is accomplished by using 
the middle cranial fossa dura as the superior landmark 
and the TMJ as the anterior landmark. The bone removed 
is usually solid but may be cellular in areas (Fig. 148.4). 
The posterior wall of the glenoid fossa should be very thin 
to maximize anterior exposure and to limit opening into 
the mastoid air cells. If air cells are uncovered, they can 
be filled with cartilage pieces from the meatoplasty later 
in the procedure. As the middle cranial fossa dura plate 
is followed medially, the epitympanum will be entered 
and the fused heads of the malleus and incus identified 
(Fig. 148.5). Concentrating the drilling superiorly along 
the middle cranial fossa has the advantage of protecting 
the facial nerve because that structure always lies medial 
to the ossicular mass in the epitympanum. Because of the 
more acute angle the facial nerve may take at the second 
genu, it is vulnerable to injury as the external canal is 


enlarged in the posteroinferior direction. In this area, the 
nerve may lie lateral to the middle ear cavity in addition to 
being anteriorly displaced. 


Exposure of the Ossicular Chain 


The malleus neck or deformed manubrium is typically 
fused to the atretic bone. To free the ossicular chain, this 
overlying bone is thinned carefully with a diamond burr 
and then completely removed with an incudostapedial 
joint knife or small hook. Periosteum underlying the 
atretic bone is still attached to the malleus and should 
be sharply excised with a microknife or microscissors, or 
vaporized with the laser. Care is taken to limit trauma to 
the inner ear by drilling or excessive manipulation of the 
ossicular chain. The incudostapedial joint is not routinely 
separated. 

Except for the fossa incudis, which may be left intact, 
bone should be completely removed around the ossi- 
cles, leaving at least a 2- to 3-mm space between these 
structures and the adjacent canal wall. The atretic bone 
should be removed so that the ossicular mass is centered 
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Fused heads of malleus 


and incus 


Atretic bone 


Figure 148.5 The epitympanum is entered by following the middle cranial fossa dura medially. 
The atretic bone over the fused malleus—incus complex is thinned with a diamond burr and removed 


with a right-angle hook. 


in the new canal (Fig. 148.6). To ensure proper drap- 
ing of the fascia and split-thickness skin graft, the canal 
walls should be smooth and without ledges lateral to the 
ossicular mass. 


Middle Ear Surgery 
The stapes may be partially obscured because of the con- 


tracted middle ear cavity, the malformed lateral ossicu- 
lar mass, or the overlying facial nerve. Usually, enough 


Incus 


% 
tla 


of that ossicle can be seen to assess its mobility and the 
integrity of the incudostapedial joint. Although the stapes 
is often small, with delicate misshapen crura, a normal 
oval window and stapes footplate are anticipated. The 
lateral ossicular mass is maintained in position and not 
removed to obtain a better view of the stapes. In most 
cases, the ossicular chain, although deformed, is mobile, 
and hearing results may be better when the chain is left 
intact instead of interpositioning a prosthesis or autograft 
material (10,22). 


Facial n. VIII 


Stapes 


Figure 148.6 The ossicular mass is fully exposed. Notice the more acute angle of the facial nerve 


at its genu. 


Tympanic Membrane Grafting 


A thin fascia graft is placed over the mobilized ossicular 
chain. Because the manubrium of the malleus is either 
absent or very deformed, it is difficult to anchor the graft 
beneath the ossicular chain. Absence of a tympanic mem- 
brane remnant or annulus further predisposes to later- 
alization. Several techniques can be used to prevent this 
potential complication. First, the graft can be tucked 
beneath the anterior and superior bony ledges of the canal 
wall. If the ledges are too shallow to stabilize the graft, a 
sulcus several millimeters deep can be drilled in the ante- 
rior canal wall medial to the level of the ossicles. A sec- 
ond technique to avoid lateralization involves covering 
the fascia graft with the split-thickness skin graft (STSG) of 
the canal and then placing a silastic button that has been 
contoured to the circumference of the canal on top of the 
covered ossicles (23). 


Meatoplasty 


A large meatus, approximately twice normal size is created. 
The auricle is undermined and the deep soft tissue debulked 
from the approximate area of the meatus. Leaving only a 
small amount of subcutaneous tissue around the meatus 
limits the length of the membranous canal and helps 
prevent stenosis. When possible, an anteriorly based thin 
skin flap is raised over the planned meatal opening. This 
skin flap is subsequently noted medially into the new ear 
canal to cover a portion of the anterior membranous canal. 
The auricle is returned to its normal anatomic position to 
check for alignment of the meatus and the bony canal. It is 
secured in place by suturing its distal edge to a cuff of peri- 
osteal tissue at the bony edge of the drilled canal. 

Frequently, the meatus appears to be offset anteriorly or 
inferiorly. In such cases, further undermining of the auricle 
is necessary so that it can be positioned without tension 
more posteriorly and superiorly. The facial nerve is vulner- 
able to injury if extensive soft tissue undermining is nec- 
essary because prior auricular reconstruction may have 
caused scarring and tethering of the extratemporal facial 
nerve in a more superficial position. A strip of skin can be 
excised from the postauricular incision to help maintain 
the auricle in its new location. In some cases, the frame- 
work of the auricle may need to be anchored to the perios- 
teum to maintain proper alignment. 


Skin Grafting 


A skin graft 0.008 inch thick is taken from the upper thigh 
or upper arm and used to line the canal. To determine the 
proper configuration of the split-thickness skin graft, sev- 
eral measurements of the canal are made with a 2-0 silk 
suture. Typically, the resulting skin graft is shaped like a 
hexagon and is approximately 4 x 6 cm’. To facilitate graft 
placement at the level of tympanic membrane and to 
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overlaps 80% 
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Figure 148.7 The fascia graft for the tympanic membrane has 
been placed and the STSG is positioned within the ear canal, over- 
lapping the fascia. 


ensure eversion of the skin edges, multiple small wedges 
are excised from the medial portion of the graft; the graft is 
also pie crusted. 

With the ear retracted forward, the STSG is positioned 
in the bony canal so that it overlaps the fascia graft (Fig. 
148.7). The seam of the graft is placed anteriorly, away 
from any open mastoid air cells posteriorly. Partial or 
substantial covering the fascia graft with the skin graft is 
acceptable and may facilitate epithelialization of the new 
tympanic membrane. A silastic disc (0.04 inches thick), 
approximating the diameter of the bony canal, is placed 
over the covered ossicles to help prevent lateralization. 
Stabilization of the STSG within the canal is achieved by 
placing Merocel wicks which are then hydrated with an 
antibiotic-steroid solution (Fig. 148.8). After the bony 


Fascial 


Merocel wicks 
graft 


2 layers 


Figure 148.8 The fascia graft and split-thickness skin grafts are 
stabilized by layered packing (axial view). 
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canal has been fully packed, the ear is returned to its nor- 
mal anatomic position, and the postauricular incision is 
closed with subcuticular sutures. Working through the 
meatus, the lateral end of the STSG is grasped and pulled 
through the meatal opening. It is trimmed as necessary 
and sutured in place. Additional packing with Merocel 
is used to fill the lateral soft tissue portion of the canal. 
The initial packing of the STSG in the bony canal prevents 
it from being dislodged during the final step of suturing 
the graft to the meatal skin. The placement of the graft 
in the bony canal while the ear is reflected forward pro- 
vides maximal exposure, ensuring that the entire canal is 
covered and that the STSG has been positioned accurately 
relative to the fascia graft. The previously elevated skin 
flap from the area of the meatus is sutured to a cuff of peri- 
osteal tissue near the TMJ to cover a portion of the anterior 
membranous canal. 


Postoperative Care 


Postoperative antibiotics are not prescribed. The patient is 
instructed to place 10 drops of the antibiotic-steroid solu- 
tion in the ear twice daily to keep the Merocel wicks moist. 
Approximately 10 days postoperatively, the ear canal pack- 
ing and silastic disc are removed. Complete take of the 
STSG is anticipated at this time. If any granulation tissue 
is seen, antibiotic-soaked pieces of Gelfoam are placed 
within the canal and the patient is instructed to keep these 
moist for the next 7 to 10 days. 


SURGICAL FINDINGS 


Ossicles 


In major atresia cases, the expected finding is a fused and 
deformed malleus—incus complex. The malleus is typically 
more deformed than the incus and has a short manubrium 


Figure 148.9 The typical appearance of a fused mal- 
leus-incus complex is shown (left). Notice that this 
complex is smaller than the normal malleus and incus 
(right) and that the malleus is more deformed than the 
incus. 


(Fig. 148.9). The site of ossicular fixation is most com- 
monly between the malleus neck or shortened manubrium 
and the atretic bone. In minor malformations, the incus 
and malleus are less deformed and may be completely nor- 
mal. If abnormal, ossicular fixation in the epitympanum 
and/or a deformed manubrium or incus long process is 
common. 

In atretic ears, the stapes is usually small and delicate 
with misshapen crura. Stapes fixation is uncommon. The 
incudostapedial joint may also appear fragile and occa- 
sionally may exist as only a fibrous connection. The facial 
nerve may encroach on the stapes, partially obscuring the 
footplate. Complete visualization of the stapes may also be 
impaired by the overlying ossicular mass. 

Fixation of the stapes, severe deformity of the stapes, 
or even absence of the stapes and oval window may be 
encountered in minor malformation cases. These abnor- 
malities, although rare, are more common in patients with 
a patent external auditory canal and normal tympanic 
membrane than in patients with major atresia of the ear. 


Facial Nerve 


Facial nerve abnormalities are common in major atresia 
patients. The anticipated abnormalities include complete 
dehiscence of the tympanic segment, inferior displacement 
of the tympanic segment, and anterior and lateral displace- 
ment of the mastoid segment. The last abnormality fre- 
quently obscures the round window. Although the course of 
the facial nerve is often aberrant, predictable abnormalities 
are the rule and help guide the surgeon. The degree of exter- 
nal ear deformity provides some indication of facial nerve 
development, with a higher incidence of facial nerve anom- 
alies occurring in patients with more severe microtia (3,4). 
Aberrant facial nerves are frequently encountered in 
ears with minor malformations, and the abnormalities 


may even be more severe than those seen in atresia cases. 
The most common findings include dehiscence or inferior 
displacement of the tympanic segment. In several cases, 
a facial nerve coursing across the middle portion of the 
promontory, well inferior to the oval window, has been 
observed. In all patients with a congenital conductive hear- 
ing loss, even if the pinna, external auditory canal, and 
tympanic membrane are normal, an abnormal facial nerve 
should be anticipated and appropriate facial nerve moni- 
toring and surgical care exercised. 


HEARING RESULTS 


It is difficult to compare hearing results from various series 
because of differences in classifying congenital ears, in 
selection criteria, in reporting hearing results, and in the 
length of follow-up. In general, an initial postoperative 
hearing level of 30 dB or better can be achieved in approxi- 
mately 50% to 75% of major congenital atresia patients; a 
hearing level of 20 dB or better is possible in 15% to 50% 
of these patients. Bellucci (2) reported a hearing level of 
at least 30 dB in 55% of 71 patients followed for at least 
2 years. Schuknecht (24) reported similar success in 30 
patients with a mean follow-up of 1.3 years. Thirty per- 
cent of Schuknecht’s patients had a hearing level of 20 dB 
or better. Nager and Levin (19) reported that 70% of 23 
patients treated over a 17-year period had a hearing level of 
at least 30 dB. Mattox and Fisch (25) found at least a 30-dB 
improvement in air-conduction thresholds in 45% of 11 
patients followed a minimum of 2 years. De la Cruz and 
colleagues (21,26) reported 56 patients with a 6-month 
follow-up and observed that 53% had a conductive deficit 
of 20 dB or less and 73% had a deficit of 30 dB or less. Ina 
follow-up series involving 77 ears, air-bone gap closure to 
less than 30 dB was achieved in 60% of cases (27). In 2003, 
De la Cruz and Teufert (28) reported a 30-dB or less con- 
ductive hearing loss in 58.5% of 116 ears with short-term 
follow-up, which decreased to 50.8% with longer-term 
(3.5 years) observation. Lambert (10) reported that 67% 
of 15 patients followed for at least 1 year had an SRT of 30 
dB or better; the mean improvement in the hearing level 
was 30 dB. Jahrsdoerfer (3) found that 65% of 17 patients 
followed for 2 months to 8 years had a pure-tone aver- 
age of 30 dB or less. In a more recent series of 86 patients, 
Jahrsdoerfer (16) reported a postoperative hearing level at 
1 month of 25 dB or better in 71%. 

Lambert (29) reported data comparing early (less than 
1 year) and longer term (1.0 to 7.5 years, mean follow-up 
2.8 years) hearing results after surgery for congenital aural 
atresia. This study involved 59 consecutively operated ears. 
In the early postoperative period, an SRT of less than 25 dB 
was achieved in 60% and an SRT of less than 30 dB in 70%. 
With longer-term follow-up, 46% of patients maintained 
an SRT of less than 25 dB. Digoy and Cueva reviewed less 
than 1 year and greater than 1 year hearing outcomes in 
54 ears (30). The short-term mean SRT was 33, with 53% 
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of patients at 30 dB or less. For follow-ups greater than 
1 year (n = 16), 56% of patients had an SRT of 30 dB or less 
(mean 32 dB). 

Chang et al. reported on 100 ears (some requiring revi- 
sion surgery) with a minimum follow-up of 3 years (31). 
The mean air-bone gap at 3 years was 30 dB, which was 
not statistically different from the mean value of 27 dB at 
6 months postoperatively. 


COMPLICATIONS 


Given the fact that near-normal hearing is not universally 
achieved even in carefully selected atresia patients, the sur- 
gical complications must be carefully compared with the 
merits of atresia surgery. The two potential serious com- 
plications are sensorineural hearing loss and facial nerve 
paralysis. Other complications that can occur include canal 
stenosis, chronic infection, and recurrent conductive hear- 
ing loss. 

It should be recognized that revision surgery is often 
required after congenital aural atresia repair (29-34). In 
the series by Lambert in which patients were followed for 
an average of 2.8 years, one-third of the patients did require 
revision surgery. Stenosis of the ear canal and lateralization 
of the tympanic membrane were the most common prob- 
lems encountered. After revision surgery, approximately 
half of these patients did achieve an SRT of 25 dB or better 
with at least 1 year of follow-up. 


Labyrinthine Injury 


The anterior surgical approach limits exposure of mastoid 
air cells, thus minimizing potential injury to the hori- 
zontal semicircular canal. High-frequency sensorineural 
hearing loss has been noted in some patients postop- 
eratively, although a loss in the speech frequencies is rare 
(10,20,24,26,35). Because the ossicular mass is connected 
to the atretic bone, energy from drilling will be transmit- 
ted to the inner ear in all atresia cases regardless of the 
approach. This may be of less consequence, however, than 
direct manipulation of the ossicular chain by instruments 
or the drill. Care in removing the final portion of atretic 
bone from the ossicular chain is particularly important in 
the anterior approach, because the incudostapedial joint is 
not disarticulated. 


Facial Nerve Injury 


The abnormal development of the temporal bone in cases 
of aural atresia places the facial nerve at increased vulner- 
ability. Understanding the anomalies of the facial nerve 
likely to be encountered and the use of facial nerve moni- 
toring, however, enable the surgeon to proceed with confi- 
dence. Temporary facial paralysis has occurred rarely. This 
complication has usually resulted from transposition of 
the facial nerve to gain access to the oval window (24,36). 
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In my series of over 200 aural atresia surgeries, facial pare- 
sis or paralysis has occurred in less than 1%. A similar inci- 
dence has been reported by Jahrsdoerfer and Lambert (37). 

Potential damage to the facial nerve can be minimized 
by adhering to several surgical guidelines. First, as the atretic 
bone is removed, the drilling should be concentrated supe- 
riorly along the middle cranial fossa dural plate, entering 
the middle ear first in the epitympanum. The facial nerve is 
protected in this approach because it will always lie medial 
to the ossicular heads. Second, care should be exercised 
as the canal is enlarged in the posterior-inferior direction 
because of the more anterior and lateral course of the mas- 
toid segment. Injury to the facial nerve can also occur in 
its extratemporal segment, as the postauricular incision 
is made, or as the auricle is undermined to align the soft 
tissue meatus and the created bony canal. 


Canal Stenosis 


In the reviews by Lambert (29) and Oliver et al. (32), ste- 
nosis of the membranous canal was the most common tea- 
son for revision surgery. Some degree of narrowing of the 
membranous canal requiring local care in the office (e.g., 
cauterization for granulation tissue, Kenalog injections, 
wick with steroid—antibiotic drops) or surgery occurs in 
as many as 25% of patients. If a large meatus (i.e., approxi- 
mately twice normal size) has been made, this narrowing 
can be managed conservatively in the office. Occasionally, a 
significant stenosis occurs, trapping squamous epithelium 
and causing infection. In such cases, attempts to dilate the 
canal with soft or hard stents are usually ineffective, and a 
secondary meatoplasty with skin grafting is necessary. This 
potential problem can be minimized by generously deb- 
ulking soft tissue from the auricle before the meatoplasty, 
thus decreasing the length of the membranous canal. 
Coverage of all exposed bone and soft tissue by the STSG 
is also essential to prevent granulation tissue formation 
and subsequent stricture. The use of the anteriorly based 
meatal skin flap to cover a portion of the anterior—lateral 
membranous canal obviates a circumferential STSG at the 
meatal opening and helps prevent stenosis. In addition to 
Kenalog injections, the application of mitomycin C has 
been suggested as a method to prevent or reduce excess 
fibrosis within the ear canal (38-40). Early results have 
been mixed. In a study from our laboratory, brief applica- 
tion of mitomycin C (0.5 mg/mL) to the middle ear of ger- 
bils caused acute, adverse electrophysiologic changes and 
chronic hair cell, stria vascularis, and spiral ganglion cells 
damaged (41). 

In some patients, the lateral canal may be narrowed by 
displacement of the pinna rather than by fibrous prolif- 
eration. Because the reconstructed auricle has more mass 
and less muscular and soft tissue support than the normal 
pinna, it can shift, usually anteriorly or inferiorly, after sur- 
gery. This shift causes a malalignment of the meatus and 
bony canal. If there is concern about proper alignment of 


the membranous and bony canals during the atresia sur- 
gery, a permanent suspension suture from the framework 
of the auricle to the mastoid periosteum or to a hole drilled 
in the mastoid cortex is placed. 


Chronic Infection 


Normal migration of keratin debris is lacking in the skin- 
grafted ear canal. Protective secretions from sebaceous and 
apocrine glands are also absent. As a consequence, the inci- 
dence of canal infections is higher than in the normal ear. A 
widely patent meatus and membranous canal are important 
for aeration and cleaning, which may be required once or 
twice annually. Most patients are not restricted with regard 
to water activities, although use of an alcohol- or acetic 
acid-based ear drop after swimming is often recommended. 


Conductive Hearing Loss 


Persistent or recurrent conductive hearing loss is the most 
common negative outcome in aural atresia surgery. The 
causes of the former are varied and include inadequate 
mobilization of the ossicular mass from the atretic bone, 
an unrecognized incudostapedial joint discontinuity, 
or a fixed stapes footplate. Wide exposure of the ossicu- 
lar mass at surgery is necessary to ensure chain mobility 
and to facilitate assessment of chain integrity. Recurrence 
of a conductive hearing loss after an initial satisfactory 
improvement in air-conduction thresholds is usually 
secondary to refixation of the ossicular chain or to tym- 
panic membrane lateralization. At least a 2- to 3-mm wide 
area of bone removal around the ossicular mass (except 
at the fossa incudis) is desirable, because bony regrowth 
can occur, especially as children enter puberty. In several 
male patients with initial excellent hearing results for 8 to 
10 years, complete closure of the bony canal has been 
observed during their rapid growth spurt of adolescence. 
At revision surgery in these cases, the canal resembled a vir- 
gin atresia. Anchoring the fascia graft beneath a bony ledge 
and/or the use of a Silastic disc help minimize graft lateral- 
ization. The incidence of tympanic membrane perforation 
or middle ear adhesions approximates that encountered in 
routine tympanoplastic procedures. 


Bone-Anchored Hearing Implant 


A bone-anchored hearing aid is an alternative rehabilita- 
tive strategy for patients with unilateral or bilateral aural 
atresia, and especially for those patients who are mar- 
ginal or poor surgical candidates. This approach uses an 
osseointegrated titanium fixture, placed in the mastoid 
area, to which a sound processor is attached. The osseo- 
integration allows more efficient transfer of sound than 
can be achieved with a traditional bone-conduction hear- 
ing aid (42). As in patients with otosclerosis, this hearing 
aid option should be discussed in tandem with surgical 


intervention. It is also important to acknowledge that the 
BAHA is often associated with soft tissue infection around 
the titanium post. Less commonly, skin overgrowth neces- 
sitating surgical revision of the implant site and failure to 
osseointegrate can occur (43). 

Currently, the minimum age for BAHA implantation is 
5 years per FDA guidelines. A “soft band” that holds an 
external BAHA sound processor firmly against the skull can 
be worn by infants. This device provides an alternative to 
the traditional bone-conduction hearing aid and should be 
considered in children born with bilateral aural atresia. 


CONCLUSIONS 


The objective in congenital ear surgery is to create a func- 
tional pathway by which sound can reach the cochlear 
fluids. Although simple in concept, this type of surgery 
presents a true challenge to the otologic surgeon. A thor- 
ough knowledge of the anatomic variations that can occur 
with abnormal development of the temporal bone is 
essential, and the nuances of audiometric and radiographic 
interpretation must be mastered. 

Hearing results that are consistently excellent cannot yet 
be achieved in atresia surgery, but with adherence to strict 
selection criteria and with further refinements in surgical 
technique, this goal is realistic. 


= During the fifth to seventh month of embryogene- 
sis, the solid core of epithelial cells representing the 
external auditory canal canalizes, beginning medially 
and progressing laterally. If incomplete, this process 
can result in a stenotic membranous canal laterally, 
with a more normal caliber bony canal and tympanic 
membrane medially. This condition predisposes to 
cholesteatoma formation within the ear canal. 

m Congenital ear malformations can be classified as 
major or minor. The significant defect in the minor 
malformation group involves the middle ear, espe- 
cially the ossicular chain. In most cases of microtia 
and atresia of the ear canal, the cochlear and ves- 
tibular labyrinths are normally formed. 

m= In major atresia cases, the stapes is usually small 
with misshapen crura. The footplate is usually intact 
and mobile. 

m The facial nerve is often aberrant in major congeni- 
tal ear malformations. Dehiscence of the tympanic 
segment with or without inferior displacement is 
often seen. The mastoid segment of the facial nerve 
often makes a more acute angle at the second genu, 
resulting in anterior and lateral displacement; it 
may obscure the round window. 
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Bilateral congenital atresias can present a mask- 
ing dilemma during audiometric testing. Bone- 
conduction auditory brainstem response can 
provide objective data on ear-specific cochlear func- 
tion in these cases and help with operative selection. 
In cases of major atresia, the middle ear space 
should be greater than 50% of normal size, and all 
three ossicles, although deformed, should be visible. 
The principal landmarks in the anterior approach 
for aural atresia are the middle fossa dura superi- 
orly, the TMJ anteriorly, and the mastoid air cells 
posteriorly. 

With proper patient selection in cases of major atre- 
sia, it is possible to achieve a hearing level of 25 dB 
or better in approximately 50% to 70% of patients. 
The most frequent complications in congenital atre- 
sia surgery are canal stenosis and failure to achieve 
an adequate hearing level. The latter can occur 
because of inadequate mobilization of the ossicu- 
lar mass from the atretic bone, lateralization of the 
tympanic membrane graft, or refixation of the ossic- 
ular chain by bony regrowth or fibrous tissue. 
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Intratemporal and 
Intracranial Complications 


of Otitis Media 


H. Alexander Arts 


Otitis media (OM) is a heterogeneous disease with a wide 
spectrum of presentations and natural histories. The eti- 
ology, presentation, natural history, and management of 
acute and chronic otitis media (AOM and COM) are dis- 
cussed in detail in other chapters. In this chapter, we discuss 
the complications, both intratemporal and intracranial, of 
AOM and COM and cholesteatoma, and their manage- 
ment. These complications are summarized in Table 149.1. 
AOM is a common infection, estimated to represent up 
to 5.8% of all patient visits to physicians (1,2). In the vast 
majority of cases, the pathologic process is self-limited, 
or resolves with antibiotic therapy. Indeed, although not 
universally agreed upon, some have recently considered 
observation alone for straightforward cases of AOM, with 
antibiotics reserved for refractory cases, or for prevention of 
complications in higher risk patients (3). AOM may resolve 
completely, resolve and recur, or evolve into one of many 
manifestations of COM. Complications of OM can occur 
directly from AOM or arise from COM. Although these 
complications are rare today, they occur in developed coun- 
tries at approximately the same frequency as in underdevel- 
oped countries, and are associated with high rates of serious 
morbidity and mortality (4). Prompt diagnosis and rapid, 
effective therapy are critical to minimizing these sequelae. 


Pathophysiology of OM 


Both AOM and COM are bacterial infections involving the 
middle ear cleft. Risk factors can be complex and inter- 
related, but are primarily associated with (a) exposure to 
pathogens, (b) local anatomy, and (c) host response. 
Exposure to pathogens can be increased or altered by 
exposure to day care environments, or crowded or unhy- 
gienic living situations. The specific microbiologic flora is 
strongly influenced by prior individual and community 
antibiotic treatment (5). Exposure to nasopharyngeal flora 
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may be enhanced with patent eustachian tubes. In the case 
of COM, contamination by pathogens can occur via the 
external auditory canal via a tympanic membrane perfora- 
tion or by direct contamination of debris within a choles- 
teatoma. The latter can be enhanced by exposure to water 
from swimming or bathing. Different pathogens have vary- 
ing degrees of pathogenicity and disease progression. The 
bacteriology of OM is summarized in Table 149.2. 

The primary anatomic variable affecting the develop- 
ment of OM is eustachian tube function. Eustachian tube 
function varies widely in otherwise normal individuals, but 
is reduced in patients with cleft palate, exposure to smoke 
(smokers and passive exposure), allergic rhinitis, neoplas- 
tic processes involving the cranial base, acromegaly, and 
many other conditions. Abnormally patent eustachian 
tubes result in reflux of nasopharyngeal contents into the 
middle ear. Mucosal disease such as nasal polyposis, cili- 
ary dyskinesia, or cystic fibrosis results in reduced eusta- 
chian tube function. If a patient develops cholesteatoma, 
the local anatomy has a direct effect on how the cholestea- 
toma grows and what bony destruction it causes. The cho- 
lesteatoma and associated inflammation can then, in turn, 
directly or indirectly impact eustachian tube function. 

Host response factors such as immunodeficiency, immu- 
nization status, ciliary dyskinesia, and history of bottle- 
feeding also play important roles in the development of OM. 


Pathophysiology of Complications of OM 


Similar factors influence the development of complica- 
tions of OM, with the addition of many other variables. 
It is important to understand the anatomy in which these 
infections exist, their routes of spread, and the characteris- 
tic patterns of disease. Infection can spread via direct exten- 
sion, via venous structures, or hematogenously. However, 
the primary pathogenesis seems to be a complex interac- 
tion between the specific organisms and the host (8). 
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TABLE 


COMPLICATIONS 


149.1 (AR OTITIS MEDIA 


Intratemporal (extracranial) 
Mastoiditis 
Acute 
Coalescent 
Chronic 
“Masked” 
Associated with subperiosteal abscess 
Associated with deep neck abscess (Bezold abscess) 
Petrositis 
Labyrinthitis 
Serous or toxic 
Suppurative 
Otogenic 
Meningogenic 
Facial paralysis 
Labyrinthine fistula 
Intracranial 
Extradural granulation tissue or abscess 
Sigmoid sinus thrombophlebitis 
Occluding 
Nonoccluding 
Brain abscess 
Otitic hydrocephalus 
Meningitis 
Subdural abscess 


An important host response leading to complication is 
the production of tissue edema and granulation tissue that 
subsequently becomes obstructive to drainage and aera- 
tion. This creates an environment conducive to the growth 
of anaerobic organisms and the destruction of bone. 
Important microbiologic factors seem to pivot about the 
synergistic pathogenicity of anaerobic organisms (9). 

The epidemiology and microbiologic behavior of the 
organisms found in complications offer some insight 
into the pathogenesis and pathophysiology of these com- 
plications (Table 149.2). For example, infections with 
Streptococcus pneumoniae, nontypeable Haemophilus influen- 
zae, and Moraxella catarrhalis are the most common causes 
of acute suppurative OM (3,10). Only about 4% of OM 
is caused by infection with H. influenzae type B; however, 
pediatric patients with OM occurring simultaneously with 
meningitis or other central nervous system infections were 
found to have an unusually high incidence of H. influenzae 
type B (10). 

Uncomplicated chronic otorrhea characteristically cultures 
Pseudomonas aeruginosa, Staphylococcus aureus, and a vari- 
ety of other Gram-negative organisms, such as Proteus sp., 
Klebsiella sp., and Escherichia coli. In contrast, mastoiditis 
associated with chronic suppurative otitis media (CSOM) 
frequently has a fetid odor and often cultures positive for 
Bacteroides fragilis (6). Multiple organisms are found in 57% 
of chronically draining ears with cholesteatoma, with an 


BACTERIOLOGY OF OM 
(PATHOGENS LISTED IN ORDER 
OF PREVALENCE) (6,7) 


TABLE 


149.2 


Acute suppurative OM 
Streptococcus pneumoniae 
Haemophilus influenza (nontypeable) 
Moraxella catarrhalis 
Others (far less common) 
Group A Streptoccoci 
Staphylococcus aureus (infrequent) 
Gram-negative bacilli (infrequent) 
Acute mastoiditis 
Streptococcus pneumonia 
Pseudomonas aeruginosa 
Group A beta-hemolytic Streptoccoci (e.g., Streptococcus 
pyogenes) 
Coagulase-negative Staphylococcus sp. 
Others (far less common) 
Staphylococcus aureus 
Proteus sp. 
Bacteroides sp. 
Chronic otorrhea with or without cholesteatoma 
Mixed aerobic (also occasionally including S. pneumonia) and 
anaerobic organisms 
Foul-smelling ears (especially with cholesteatoma) may 
grow 5-11 organisms, always mixed aerobic and anaerobic 
Pseudomonas aeruginosa (most common aerobe) 
Staphylococcus aureus and Staphylococcus epidermidis 
Other aerobic organisms including Proteus sp., Klebsiella sp., 
Escherichia coli 
Various anaerobic organisms including Bacteroides fragilis 
Intracranial abscesses (brain and subdural) of otogenic origin 
(mixed cultures) 
Streptococcus sp. 
Staphylococcus sp. 
Proteus sp. 
Anaerobic organisms (Peptococcus, Peptostreptococcus, 
Bacteroides fragilis) 
Bacterial meningitis in children 
Streptococcus pneumonia 
Haemophilus influenzae, type B 
Neisseria meningitidis 


average of three different organisms. However, if these ears 
have a fetid discharge, characteristically 5 to 11 organisms 
are found, always including both anaerobes and aerobes. 
Malodorous discharge is a significant early sign of com- 
plication. Anaerobic organisms are a major cause of foul- 
smelling discharge. 

B-Lactamase-producing organisms, such as S. aureus, 
H. influenzae, B. catarrhalis, and Bacteroides sp., not only 
survive B-lactam antibiotics but may also protect other 
potentially penicillin-susceptible pathogens from penicil- 
lin and other B-lactam antibiotics. Anaerobic organisms 
have recently been shown to play major roles in pathogenic 
synergism by protecting against host defenses, creating 
suitable environments for other organisms, and inactivat- 
ing antibiotics (8,9). 
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Anatomic variables are tremendously important in the 
development of complications. Eustachian tube function 
plays a critical role in not only the development of the 
original infection and its resolution but also the develop- 
ment of complications. The mucosal edema resulting from 
OM itself impairs eustachian tube function and inhibits 
resolution of the infection. Highly variable factors, such as 
the integrity of bone over the facial nerve or dura, influence 
access of the infection and its products to neurovascular 
structures and the intracranial space. Numerous venous 
channels traverse the bone between the mastoid and mid- 
dle ear and the dural venous sinuses, sometimes associated 
with arachnoid granulations. Inflammation adjacent to 
these veins and venules can promote thrombosis. Thrombi 
and infection can then propagate to the dural venous 
sinuses and subarachnoid space. Cholesteatoma often 
results in patterns of bone destruction exposing the dura or 
facial nerve to the infectious process. Finally, prior surgery 
can result in areas of entrapped squamous epithelium or 
deficient areas of bone that act as sources of infection and 
routes for the infection to spread. 


GENERAL PATTERNS OF PRESENTATION 


Complications of OM tend to present in predictable pat- 
terns (Table 149.3). With the exception of meningitis 
in children and some cases of facial paralysis, which are 


U5) PATTERNS OF PRESENTATION 
4 k-) OF COMPLICATIONS OF OM 


Origin of complication 
Acute infection 
Meningitis—infants and young children 
Meningitis—adults or children with occult CSF leaks 
Facial paralysis—children more commonly 
Labyrinthitis 
Subdural abscess—infants more commonly 
Subacute or chronic infection 
Mastoiditis 
Petrositis 
Facial paralysis 
Labyrinthitis 
Extradural abscess and granulations 
Sigmoid sinus thrombophlebitis 
Brain abscess 
Otitic hydrocephalus 
Meningitis 
Subdural abscess 
Patterns of associated diseases and usual sequence 
Mastoiditis or petrositis 
Extradural granulation tissue and/or abscess 
Sigmoid sinus thrombophlebitis 
Brain abscess or otitic hydrocephalus 
Meningitis 
Subdural abscess—infants more commonly 


2401 


usually associated with AOM, most complications tend 
to be associated with COM. Typically, mastoiditis is the 
initial complication, with more severe complications 
developing secondarily. Petrositis (petrous apicitis), for 
example, almost never occurs without preceding mas- 
toiditis. Labyrinthine fistulae virtually always develop sec- 
ondary to cholesteatoma. Granulation tissue in air cells 
adjacent to the sigmoid sinus can result in erosion of the 
bone overlying the sinus, with resultant sigmoid sinus 
exposure and possible sigmoid sinus thrombophlebitis. If 
the sigmoid becomes obstructed with thrombus, intracra- 
nial hypertension, that is, otitic hydrocephalus, can result 
(11). Retrograde thrombophlebitis may extend intrace- 
rebrally, resulting in a brain abscess. Subdural empyema 
rarely occurs due to COM, but is a more typical complica- 
tion of meningitis in infants. 

Without a high index of suspicion, early evidence of an 
impending complication will be missed. Early symptoms 
and signs of complication are summarized in Table 149.4. 
Because antibiotic therapy may have a masking effect on 
the significant signs and symptoms of complications, a 
high level of clinical awareness is important for early diag- 
nosis. Persistence of acute symptoms for 2 weeks or more 
or recurrence of symptoms or infection within 2 weeks is 
often the first sign of a potential complication. In chroni- 
cally draining ears, acute exacerbation of pain or the new 
development of fetid drainage should be evaluated. Foul- 
smelling drainage that fails to respond to conservative 
treatment (debridement and topical antibiotics) portends 
an impending complication. 

Once a complication has begun, signs and symptoms 
typically progress rapidly. Fever associated with COM 


LJ ) EARLY SIGNS AND SYMPTOMS 
SUC OF COMPLICATIONS 


Impending complication 
Persistence of acute infection for 2 weeks or more 
Recurrence of symptoms within 2 weeks after initial resolution 
Acute exacerbation of chronic infection, especially if foul- 
smelling 
Foul-smelling discharge during treatment 
Haemophilus influenza type B or anaerobes 


Complication (associated complication) 

Fever associated with a chronic perforation (intracranial 
infection or extracranial cellulitis) 

Pinna displaced inferolaterally and/or edema of the 
posterosuperior ear canal wall skin (subperiosteal abscess) 

Retro-orbital pain (petrositis) 

Vertigo in a patient with an infected ear (labyrinthitis or 
labyrinthine fistula) 

Facial paralysis ipsilateral to an infected ear (facial paralysis) 

Headache and lethargy (intracranial complication of any sort) 

Meningismus (meningitis or subdural abscess) 

Focal neurologic signs or seizure (brain abscess) 

Global neurologic signs (subdural abscess or meningitis) 
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implies some degree of extracranial cellulitis or intracranial 
infection. Postauricular edema/erythema, edema of the 
posterior-superior external auditory canal (EAC) wall, or 
anterolateral displacement of the pinna indicates mas- 
toiditis associated with subperiosteal abscess. Retro-orbital 
pain in an infected ear is highly suggestive of petrositis 
(petrous apicitis). Vertigo and nystagmus in a patient with 
OM may indicate serous or suppurative labyrinthitis, or 
possibly a labyrinthine fistula. Facial paralysis ipsilateral 
to an infected ear may complicate AOM, or COM with 
cholesteatoma. Papilledema is an obvious sign of elevated 
intracranial pressure, but will go undetected without a 
fundoscopic examination. Headache and lethargy usu- 
ally accompany an intracranial infectious complication. 
Meningismus is associated with meningitis, and focal neu- 
rologic signs or seizures are seen in brain abscess. 


SPECIFIC COMPLICATIONS 


Intratemporal (Extracranial) Complications 


Mastoiditis 

As commonly used clinically, the term “mastoiditis” is 
nonspecific and often misleading. Since the mastoid air cell 
system is confluent with the middle ear space, any inflam- 
matory process within the middle ear will also involve the 
mastoid. Although it may be pathologically correct to refer 
to purulent fluid within the mastoid secondary to OM as 
“mastoiditis,” it is not clinically meaningful or helpful, 
and does not represent a complication of OM. An example 
of this clinically misleading use of the term “mastoiditis” is 
the radiologic diagnosis of “mastoiditis” based on the pres- 
ence of opacification or increased T2 signal intensity alone. 
This does not imply a complication and does not require 
additional therapy beyond that indicated for the primary 
middle ear process. True mastoiditis as a complication of 
OM implies an invasive or persistent infection involving 
the mastoid bone and/or surrounding structures, distinct 
from AOM or OM with effusion. With this in mind, mas- 
toiditis can be subdivided into (a) acute mastoiditis, (b) 
coalescent mastoiditis, (c) chronic mastoiditis, and (d) 
masked mastoiditis. Clinically, there is often some overlap 
between these diagnostic categories. 


Acute Mastoiditis 

Acute mastoiditis is diagnosed in the presence of postau- 
ricular pain, tenderness, erythema, swelling, and/or auric- 
ular protrusion, with or without evidence of AOM. Acute 
mastoiditis is most commonly seen in young children 2 to 
6 days following the onset of AOM. Due to partial treat- 
ment with antibiotics, signs and symptoms may be much 
less obvious: antibiotic therapy obscuring the presentation 
but not the complication. Some authors insist on the pres- 
ence of AOM for a diagnosis of acute mastoiditis; how- 
ever, attic blockage may preclude otoscopic visualization 
(12). Most authors recommend treatment with parenteral 


antibiotics, with or without simple mastoidectomy. When 
treated with parenteral antibiotics alone, up to one-third of 
patients will require mastoidectomy for failure to improve 
or complications (13). The most common complication is 
subperiosteal abscess. Other complications of acute mas- 
toiditis include coalescent mastoiditis, facial paralysis, 
meningitis, and Bezold abscess. Antibiotic treatment of 
routine AOM has been shown to be associated with a lower 
incidence of acute mastoiditis (14). 


Coalescent Mastoiditis 

Coalescent mastoiditis implies breakdown and decalcifi- 
cation of the bony septa within the mastoid, progressing 
to bony destruction of the cortex or other aspects of the 
mastoid bone. Coalescent mastoiditis is what is commonly 
and classically referred to as “mastoiditis.” This infection 
typically affects boys, 4 years or younger, who have previ- 
ously well-aerated mastoids and little or no prior history 
of OM. Coalescence rarely, if ever, occurs in the setting of 
COM. Patients typically present with fever, otalgia, puru- 
lent otorrhea, and mastoid pain, tenderness, erythema, 
and/or edema. Typically, it occurs in patients who have 
had persistent otorrhea or otalgia for 2 weeks or more fol- 
lowing AOM, or when these symptoms recur 10 to 14 days 
following AOM. Up to 25% of patients presenting with 
coalescent mastoiditis will have a concomitant intracranial 
complication. S. pneumoniae is the most common offend- 
ing organism (15). Of those with a simultaneous intra- 
cranial complication, nearly 30% will culture positive for 
anaerobic organisms as well. 


Diagnosis. The diagnosis is confirmed by CT imaging, 
demonstrating breakdown of bony septa, loss of cortical 
bone, and opacification of the air cell system. MR imaging 
should be obtained if there is any suspicion of intracranial 
complication. 


Treatment. Treatment of coalescent mastoiditis consists 
of myringotomy and intravenous antibiotics, with or with- 
out simple mastoidectomy. If mastoidectomy is not per- 
formed, intravenous antibiotics should be continued fora 
minimum of 3 to 6 weeks. Mastoidectomy almost always 
results in prompt resolution of the infection and its symp- 
toms, and is the safest and most conservative approach. 


Chronic Mastoiditis 

As used clinically, chronic mastoiditis is a broad term and 
implies chronic inflammation within the mastoid air cell 
system. It can occur in typical COM with tympanic mem- 
brane perforation, and results in mucosal disease and/or 
granulation tissue that causes otorrhea to persist in spite 
of antibiotic therapy. Likewise, persistent mastoid mucosal 
disease or granulation tissue can be a cause of tympanos- 
tomy tube otorrhea refractory to antibiotics. Mastoidectomy 
in either of these settings can be helpful in eradicating 
otorrhea. Long-term chronic mastoiditis usually results in 
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sclerosis of the mastoid air cell system, commonly seen 
in CSOM. A key element in the differential diagnosis of 
chronic mastoiditis can be skull base osteomyelitis, oth- 
erwise known as malignant otitis externa. Malignant oti- 
tis externa is classically seen in diabetics or renal failure 
patients. It usually presents with a several month history of 
otalgia with or without otorrhea or chronic otitis externa. 
Focal osteomyelitis is seen adjacent to granulation tissue 
in the external auditory canal. CT imaging demonstrates 
bone destruction in the area of osteomyelitis. This topic is 
discussed more fully elsewhere in this text. 


“Masked” Mastoiditis 

This term is sometimes applied to the rare situation where 
granulation or mucosal disease involves some mastoid air 
cells when there is a normal tympanic membrane and an 
otherwise aerated middle ear and mastoid air cell system. 
Other areas of infection and inflammation respond to top- 
ical and systemic antibiotics; however, this localized area 
does not. Osteitis and bone erosion can occur locally at the 
site of the disease. Patients with masked mastoiditis have 
chronic mild or moderate postauricular pain and mild 
postauricular tenderness. 


Bezold Abscess 

A neck abscess secondary to mastoiditis is called a Bezold 
abscess. These are, typically in the upper neck, just deep 
to the sternocleidomastoid muscle. They occur by exten- 
sion of an infection in the mastoid tip, by osteitis, bone 
destruction, and direct extension, or without bone erosion 
by venous propagation. A neck abscess can also occur by 
suppurated lymph nodes related to mastoid pathology, 
which is not a true Bezold abscess. Treatment involves 
surgical drainage of the neck abscess, appropriate surgical 
management of the temporal bone pathology, and paren- 
teral antibiotics. 


Petrositis (Petrous Apicitis) 
Petrositis or petrous apicitis is, as the name implies, an 
infection of the apex of the petrous portion of the tem- 
poral bone and is exceptionally rare. The petrous apex is 
contiguous with the middle ear space, and may be aerated, 
sclerotic, or consist of diploic bone. Infection occurs in the 
petrous apex by direct extension from the middle ear and, 
like in the mastoid, can consist of mucosal disease, granu- 
lation tissue, purulence, or coalescence. Petrous apicitis 
may be associated with any of the other complications of 
OM. Due to its location, extension of infection from the 
apex may also result in cavernous sinus thrombophlebitis. 
Petrous apicitis typically presents with deep, retro- 
orbital pain in the setting of COM. The classic triad origi- 
nally described by Gradenigo consists of retro-orbital pain, 
otorrhea, and abducens palsy, although abducens palsy is 
rarely seen (16). Other manifestations can include facial 
paralysis, and sensory hearing loss and vertigo due to laby- 
rinthitis. 
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CT imaging, with or without MR imaging, defines the 
nature and location of the disease (17). Treatment con- 
sists of parenteral antibiotics and surgical drainage (18). 
Surgical access to the petrous apex is difficult, and the 
route taken depends on the highly variable nature of tem- 
poral bone anatomy. Depending on the specific anatomy, 
access to the petrous apex may be obtained via the retro- 
labyrinthine, infracochlear, or subarcuate air cell tracts. In 
some cases, it may be necessary to perform a canal wall 
down mastoidectomy or possibly a middle cranial fossa 
approach to access this area (19). 


Labyrinthine Fistula 

Labyrinthine fistula consists of the erosive loss of otic cap- 
sule bone with exposure of the interior of the labyrinth 
(20). These fistulae occur almost exclusively secondary 
to cholesteatoma. The matrix of the cholesteatoma covy- 
ers the exposed perilymphatic space; therefore, there is 
no leakage of perilymph as seen in perilymphatic fistulae. 
Labyrinthine fistulae from cholesteatoma most commonly 
involve the horizontal semicircular canal, but can involve 
any of the canals, the vestibule, the cochlea, or even the 
internal auditory canal (21). In addition to the bone of the 
labyrinth, cholesteatoma can erode any bone to which it 
comes in contact, commonly including the fallopian canal 
and the tegmen tympani. The mechanism of bone erosion 
due to cholesteatoma is the subject of considerable investi- 
gation and is discussed in other chapters of this text. 

Labyrinthine fistula is frequently asymptomatic and 
only discovered on CT imaging or at surgery. Whenever CT 
demonstrates a labyrinthine fistula preoperatively, erosion 
of the fallopian canal or tegmen tympani should also be 
considered. If symptoms are present, they consist of vertigo 
with Valsalva or straining, motion- or position-provoked 
vertigo, Tullio phenomenon (vertigo secondary to auditory 
stimuli), vertigo with manipulation of the auricle or EAC, 
and varying degrees of hearing loss. Fistulae are usually 
clearly delineated on CT, which should always be obtained 
preoperatively when fistula is a consideration. 

Proper management of the underlying cholesteatoma 
is the basis of treatment of labyrinthine fistula and is dis- 
cussed elsewhere in this text (20,22,23). In brief, the matrix 
of the cholesteatoma can be left over the fistula when the 
cholesteatoma is being exteriorized. If the cholesteatoma is 
being removed, the matrix must be very carefully dissected 
from the fistula and the fistula covered with a soft tissue 
graft. Risks of vestibular dysfunction and hearing loss in 
this setting are significant. Successful management of laby- 
rinthine fistula usually improves vestibular symptoms. 


Facial Nerve Paralysis 

After mastoiditis, facial nerve paralysis is the second most 
common complication of AOM. Less commonly, facial 
paralysis presents as a complication of COM—virtually 
always due to cholesteatoma. In either of these settings, 
the facial paralysis is secondary to neurapraxia. In AOM, 
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this is due to inflammation and edema from the adjacent 
infection. In COM with cholesteatoma, this is usually due 
to compression by the cholesteatoma, with or without 
local inflammation. Facial paralysis can also be associ- 
ated with coalescent mastoiditis, “masked” mastoiditis, or 
petrous apicitis. 

AOM typically involves the facial nerve in its tympanic 
segment. Although there is no study clearly demonstrating 
this, it is thought that most cases of facial paralysis with 
AOM have dehiscent fallopian canals in the tympanic 
segment, which is a common finding in otherwise nor- 
mal temporal bones. When facial paralysis occurs due to 
cholesteatoma, the site of lesion depends on the anatomy 
of the cholesteatoma. Most commonly, the nerve is com- 
pressed in the tympanic segment, due to bone erosion by 
the cholesteatoma. Other sites of injury include the genic- 
ulate ganglion region (anterior epitympanic cholestea- 
toma), the mastoid segment (facial recess/sinus tympani/ 
retrofacial cholesteatoma), or the internal auditory canal 
(superior perilabyrinthine cholesteatoma). Cholesteatoma 
may not be immediately recognized as the cause of choles- 
teatoma in these more unusual locations. 

Evaluation of facial paralysis associated with OM usu- 
ally involves directed imaging. Except perhaps in very 
straightforward cases of facial weakness associated with 
AOM, dedicated temporal bone CT imaging is very use- 
ful and will likely demonstrate the pathology and site of 
lesion. MR imaging is helpful if lesions other than cho- 
lesteatoma are considered. Electrophysiologic facial nerve 
testing is sometimes useful. Electromyography (EMG), 
either evoked (electroneuronography) or spontaneous 
(standard EMG), can be helpful in predicting prognosis for 
recovery in some cases. This topic is fully discussed else- 
where in this text. 

Management of facial paralysis associated with OM con- 
sists of aggressive treatment of the underlying OM (24). In 
AOM, myringotomy with cultures of the aspirate, and par- 
enteral antibiotics are indicated. For facial paralysis due to 
COM with cholesteatoma, topical and systemic antibiotics 
followed by surgical management of the cholesteatoma are 
appropriate. Systemic steroid therapy is probably helpful 
to reduce inflammation and edema in the acute phases of 
facial paralysis for any type of OM. Surgical decompres- 
sion of the fallopian canal, proximal and distal to the site 
of injury is advocated by some, and may be helpful in 
selected cases. 


Labyrinthitis 

Serous or Toxic 

Serous labyrinthitis is thought to be due to alteration of the 
inner ear tissue fluid environment due to bacterial toxins 
(25). Bacterial toxins are presumed to enter the inner ear 
via the round or oval window, or via a labyrinthine fistula. 
Variable degrees of vertigo and sensory hearing loss can 
result. Treatment with appropriate antibiotics and steroids 
is probably helpful. Recovery of hearing and vestibular 


function is possible in serous labyrinthitis. Endolymphatic 
hydrops can be seen pathologically associated with serous 
labyrinthitis. 


Suppurative 

Otogenic suppurative labyrinthitis consists of bacterial 
invasion of the inner ear from a suppurative process within 
the middle ear (25). This acute suppurative process results 
in rapid destruction of inner ear contents, with associated 
severe vertigo and sensory hearing loss. In the early phases, 
it is not possible to discern serous from suppurative laby- 
rinthitis—subsequent recovery of hearing and/or vestibu- 
lar function indicates that the process was serous in nature. 
Treatment consists of parenteral antibiotics (choose drugs 
with good cerebrospinal fluid penetration) and timely sur- 
gical intervention aimed at preventing additional extracra- 
nial or intracranial complications. 

A particular concern with suppurative labyrinthitis is the 
development of meningitis. A suppurative process within 
the labyrinth can gain access to the subarachnoid space 
via the fundus of the cochlea or the cochlear aqueduct. 
Indeed, otogenic sources are thought to be a common eti- 
ology of bacterial meningitis in childhood. Conversely, 
suppurative meningitis may extend into the labyrinth and 
result in a secondary suppurative (meningogenic) laby- 
rinthitis. In either direction, this phenomenon underlies 
the frequent association between meningitis and hearing 
loss. Ossification of the labyrinth (labyrinthitis ossificans) 
is frequently seen following suppurative labyrinthitis, par- 
ticularly due to S. pneumoniae, and can complicate cochlear 
implantation (26). Early evaluation of hearing following 
meningitis and early cochlear implantation when appro- 
priate can result in substantially better outcomes for 
patients with postmeningitic deafness. 


Intracranial Complications 


Meningitis 

Bacterial meningitis presents with severe generalized head- 
ache, fever, nausea/vomiting, photophobia, and varying 
levels of altered mental status (ranging from irritability to 
unconsciousness). Patients may develop nuchal rigidity, 
characterized by pain and limitation of neck flexion. With 
progression of disease, papilledema and abnormal reflexes 
may develop, including Kernig sign (inability to com- 
pletely extend the knee when the leg is flexed at the hip) 
and Brudzinski sign (passive neck forward flexion leads to 
active flexion of the hip and knee). 

The clinician evaluating a patient with meningitis should 
attempt to identify the route of spread to the meninges and 
the organism involved. All patients with meningeal signs 
should undergo otoscopic examination to rule out AOM 
and CSOM. Most cases of otogenic meningitis in children 
result from hematogenous dissemination of invasive organ- 
isms during AOM (most commonly S. pneumoniae) (27). 
Of note, the introduction of routine vaccination against 
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S. pneumoniae and H. influenzae type B has decreased the 
rate of meningitis secondary to these common causative 
agents—recent reports suggest that brain abscess may 
supplant meningitis as the most common intracranial 
complication of OM (28). The presence of otitic menin- 
gitis, particularly if recurrent, should raise suspicion for an 
abnormal route of communication from the middle ear 
and mastoid to the CSE The rapid onset of meningitis with 
AOM in a child with sensorineural hearing loss may indi- 
cate the presence of an inner ear malformation that allows 
communication through the oval or round windows to the 
vestibule, cochlea, and internal auditory canal. Accordingly, 
temporal bone imaging may reveal Mondini malforma- 
tion, enlarged vestibular aqueduct, common cavity malfor- 
mation, or congenital stapes footplate fixation. Similarly, 
AOM can lead to rapid onset of meningitis in patients with 
CSF leaks associated with tegmen dehiscences (congenital 
or iatrogenic), meningoencephaloceles through the middle 
or posterior fossae, or through a patent tympanomenin- 
geal fissure (29). Bacterial contamination of the CSF may 
also occur with AOM following surgical or traumatic dural 
injury, stapes subluxation, or cochlear implantation (30). 
Patients with meningitis associated with CSOM should be 
suspected of having bacterial extension of infecting organ- 
isms directly through the dura. Additionally, it is possible 
for bacteria to enter the meninges through the labyrinth by 
a cholesteatoma-induced fistula. 

Lumbar puncture (LP) is performed to confirm the clin- 
ical diagnosis and identify the causative organism. CT or 
MRI should be obtained first to identify findings suggestive 
of increased intracranial pressure that might predispose 
to herniation with LP as well as to rule out intracranial 
abscess, subdural empyema, or cerebritis. Meningitis typi- 
cally leads to elevation of the opening pressure, and the 
CSE has high protein, low glucose, and an increased white 
blood cell content leading to a cloudy appearance. The CSF 
should be sent for Gram stain and culture. As cultures from 
the CSF and middle ear may differ, samples should also 
be taken at the time of myringotomy to assist in selection 
of antibiotic therapy. High-resolution CT of the temporal 
bone will delineate bony architecture and reveal inner ear 
malformations, tegmen defects, and destructive lesions. 
MRI should be obtained in all cases to identify additional 
intracranial complications. 

Acute bacterial meningitis associated with AOM is 
treated with myringotomy (wide-field or with PE tube place- 
ment to maintain drainage) and intravenous antibiotics. A 
third-generation cephalosporin and vancomycin should be 
instituted empirically while awaiting culture results that 
will direct further therapy (31). Despite effective antibiotic 
treatment, about one-third of meningitis survivors suf- 
fer neurologic sequelae such as deafness, behavioral dis- 
orders, and cognitive dysfunction (32). Dexamethasone, 
started with or before the first dose of antibiotics, has 
been shown to significantly reduce the rates of death and 
hearing loss in patients with pneumococcal meningitis, 
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without interfering with antimicrobial treatment (33). 
While most cases do not require further surgery, inner ear 
malformations (Mondini) and clear sources of CSF leak 
age (meningoencephalocele) require repair at the condlu- 
sion of meningitis treatment to prevent further infection. 
Continuation of antibiotics in the perioperative period is 
wise in these instances. 

When meningitis results from subacute or CSOM, the 
ear disease needs to be surgically managed. Direct disease 
extension into the meninges has often occurred and it is 
important to expose the diseased dura, remove excess dural 
granulation tissue, and inspect for dural defects or occult 
abscesses. The timing of the mastoid operation is dictated 
by the patient’s neurologic and physiologic condition, and 
is generally performed once the patient is deemed stable to 
undergo surgery. 


Extradural (Epidural) Granulation Tissue 
or Abscess 
Granulation tissue and abscess may form between the tem- 
poral bone and adjacent dura when acute coalescent infec- 
tion or chronic otitis with or without cholesteatoma erode 
surrounding bone. Pockets of infection then expand along 
the face of the posterior or middle fossae. Epidural granula- 
tion tissue and abscesses may present with headache and 
fever, but are often clinically silent until large (34). Contrast- 
enhanced CT may reveal erosion of the sigmoid plate or 
tegmen and, in cases of larger extradural abscesses, a rim- 
enhancing lentiform epidural fluid collection. Enhanced 
MRI is superior to CT in demonstrating small intracranial 
suppurative lesions. An epidural abscess appears as a cres- 
centic fluid collection that is mildly hyperintense relative 
to CSF on Tl1-weighted images and isointense to CSF on 
T2-weighted images (35). Epidural abscess is often a precur- 
sor to other complications that can be identified with MRI 
including lateral sinus thrombophlebitis and brain abscess. 
Management of extradural granulation tissue and 
abscess begins with intraoperative identification. Extradural 
abscesses may be missed unless care is taken to observe 
the dura of the middle and posterior fossae through thin 
bone. The mastoidectomy should be extended to allow for 
careful inspection of the dura of the tegmen tympani, teg- 
men mastoideum, sigmoid sinus, and posterior fossa bone 
medial to Trautmann triangle. Bone overlying abnormal 
dura should be removed until normal dura is encountered. 
Granulation tissue may be carefully removed with a blunt 
elevator, scraping parallel to the plane of the dura. A por- 
tion of granulation tissue may be left behind to avoid dural 
penetration and CSF contamination. If an abscess is identi- 
fied, exposure via removal of the overlying bone suffices 
for drainage. 


Brain Abscess 

Otogenic brain abscesses may arise from AOM or COM. 
Cholesteatoma has supplanted AOM as the cause of most 
cases (36). The infection is typically polymicrobial with 
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a relatively high proportion of anaerobes (37). Venous 
thrombophlebitis allows bacteria to spread from the mas- 
toid to the brain parenchyma. 

A brain abscess has four clinical stages (38). The first 
stage is invasion (initial cerebritis), during which the 
destructive brain infection may present with a low-grade 
fever, malaise, drowsiness, loss of ability to concentrate, and 
headache. These symptoms are subtle and frequently over- 
looked and may spontaneously resolve after several days. 
The second stage, localization (latent or quiescent abscess), 
when the tissue becomes necrotic and edematous, may be 
clinically silent and last for weeks. During the third stage, 
enlargement (manifest abscess), an actual abscess forms in 
the region of the previous cerebritis. Patients may present 
with high fever, headache, focal neurologic symptoms, or 
loss of consciousness. Abscesses of the temporal lobe may 
present with seizures, visual field deficits, and hemiparesis. 
Cerebellar abscesses may present with vertigo, nystagmus, 
ataxia, and dysmetria. In the fourth stage, termination 
(rupture of the abscess), the abscess capsule ruptures into 
the ventricle or into the subarachnoid space. This results in 
a rapidly progressive, frequently fatal, outcome. 

Diagnosing a brain abscess at an early stage may be dif- 
ficult and calls for a high level of clinical suspicion when 
confronted with signs of a possible impending complica- 
tion (Table 149.4). CT and MRI with gadolinium will iden- 
tify a hypointense center with a hyperintense capsule about 
a formed abscess. MRI offers additional precision in identi- 
fying extraparenchymal (intraventricular or subarachnoid) 
spread. Diffusion-weighted MR imaging may be used for 
abscess surveillance and to distinguish abscesses from ring- 
enhancing malignancies (39). Since brain abscesses can 
take several weeks to manifest, even if an initial MRI is neg- 
ative, repeat scanning should be considered in 2 to 3 week 
intervals if the index of suspicion remains high. 

Management of a brain abscess requires immediate 
broad-spectrum parenteral antimicrobial therapy and neu- 
rosurgical consultation. If surgical treatment of the brain 
abscess is recommended, it takes priority over manage- 
ment of the otologic disease. A surgical approach to treat 
the ear disease can be undertaken once neurologic stability 
has been achieved with antibiotics, aspiration, open drain- 
age, or abscess excision. 


Subdural Empyema 
Subdural empyema is a purulent infection that has formed 
between the dura and the pia-arachnoid membranes. The 
subdural space may be seeded via venous channels or 
infection in adjacent bone or brain. It is the rarest com- 
plication of OM. Because of the mass effect and the close 
proximity to the cerebral cortex, symptoms progress rap- 
idly and patients present with severe headache, marked 
focal neurologic deficits, seizures, and loss of conscious- 
ness. Meningeal signs are pronounced. 

CI with intravenous contrast may miss early subdu- 
ral abscesses but can detect larger lesions as hypodense 


extracerebral collections with an enhancing medial border. 
Contrast-enhanced MRI is more sensitive and may readily 
demarcate the enhancing rim and extension of infection 
(40). Lumbar puncture may precipitate herniation in this 
setting and should be avoided if the lesion is detected by 
imaging first. 

Subdural empyema is a neurosurgical emergency. 
Treatment of subdural abscess requires emergent drainage 
and the institution of parenteral antibiotics. Treatment of 
the associated ear disease is accomplished after neurologic 
stabilization. 


Sigmoid Sinus Thrombophlebitis 

Sinus thrombophlebitis may develop when overlying 
coalescent infection, granulation tissue, or cholesteatoma 
incites sinus wall inflammation. The sigmoid sinus is most 
susceptible because of its prominent location adjacent to 
the mastoid air cells. Retrograde thrombosis of cerebral 
veins (Labbé) and sinuses (transverse, sagittal, petrosal, 
and cavernous) may result in dangerous degrees of intra- 
cranial hypertension, brain abscess, infarct, and death (41). 
The thrombus may propagate to the internal jugular vein 
and jugular bulb, generating septic emboli and/or a jugu- 
lar foramen syndrome. While AOM remains a common 
inciting factor in children, COM with cholesteatoma is an 
increasingly frequent cause in adults and older pediatric 
populations. Prothrombotic factors, including elevated 
levels of lipoprotein apolipoprotein, antibodies to beta 
2-glycoprotein and cardiolipin, and heterozygosity for fac- 
tor V Leiden mutation, may predispose patients to sigmoid 
sinus thrombophlebitis during AOM (42). 

Modern antibiotic therapy has decreased the inci- 
dence of sigmoid sinus thrombosis (43) and altered the 
typical clinical presentation. In regions and circumstances 
in which AOM and COM go untreated, sigmoid sinus 
thrombosis may present with the rapid onset of promi- 
nent otologic symptoms (otorrhea, otalgia, postauricular 
pain/erythema), severe headache, torticollis, and the clas- 
sic high-spiking “picket fence” fever of sepsis with leu- 
kocytosis (44-46). When there is greater access to care, 
patients often have a history of AOM or COM that was 
treated with antibiotics in preceding weeks and may have 
only mild symptoms. Headache and unilateral neck pain 
are still common, but fevers may be low grade and leuko- 
cytosis may be absent. The symptom duration is longer 
(often more than 2 weeks) and neurologic symptoms are 
more prevalent, including diplopia from CN VI palsy and 
symptoms of intracranial hypertension (headache, nausea, 
neck stiffness, photophobia, dizziness/ataxia) (46,47). 
Nevertheless, the otoscopic examination is usually abnor- 
mal, revealing AOM, effusion, retraction, or signs of COM. 
Recent series demonstrate that bacteriology may diverge 
from beta-hemolytic Streptococcus and S. pneumoniae to 
include mixed infections with Pseudomonas, Staphylococcus, 
(including MRSA), H. influenza, Klebsiella, Enterococcus, 
Proteus, and anaerobes (46,48,49). 
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After a careful otologic examination, the diagnosis is 
confirmed with imaging studies. Head and temporal bone 
CI, with contrast, will reveal associated pathology in the 
mastoid and perisinus enhancement. The enhancement of 
the triangular sinus wall around nonenhancing intralumi- 
nal thrombus produces the pathognomonic “delta sign” in 
up to one-third of cases (49). MRI with MRV/MRA is more 
sensitive in detecting sigmoid sinus thrombosis and delin- 
eates the extent of the thrombus and the integrity of col- 
lateral circulation while also identifying other intracranial 
complications (49). 

The treatment of lateral sinus thrombophlebitis entails 
prompt initiation of broad-spectrum antibiotics com- 
bined with surgery. A wide myringotomy is performed or 
a pressure equalization tube is placed. Mastoidectomy is 
performed to expose the inflamed sinus wall and diseased 
dura and to remove excess granulation tissue. Subperiosteal 
and epidural abscesses can be treated concomitantly. The 
opinions of experienced surgeons differ over the extent 
of additional surgery that is necessary, ranging from none 
to sinus resection (49). The bone over the sinus and sur- 
rounding dura may be removed and the sinus may be care- 
fully aspirated to detect free blood flow. Venotomy may 
be performed for the evacuation of infected thrombus or 
intraluminal abscess. Some have advocated Fogarty cathe- 
ter thrombectomy be used with caution to reestablish flow, 
after gaining control of the internal jugular (IJ) vein in the 
neck. The authors consider this unwise due to the potential 
of releasing emboli and rupturing the sinus intracranially. 
Ligation of the IJ may be considered in the presence of sep- 
tic emboli. Recanalization has been observed in patients 
receiving a range of treatments, from nonsurgical medical 
management, mastoidectomy, and venotomy with or with- 
out thrombectomy. Currently, there is no clear evidence 
that a given treatment approach is superior to another in 
its ability to reduce recovery time and increase the likeli- 
hood of recanalization (50). 

The use of anticoagulation to prevent thrombus propa- 
gation is also a matter of debate. It is unlikely to be of ben- 
efit when the thrombus is isolated to the sigmoid sinus, 
but it should be considered in patients with imaging evi- 
dence of thrombus progression or extension to additional 
sinuses, neurologic changes, embolic events, or persistent 
fevers despite surgical intervention (51). The risk of bleed- 
ing can be significant, particularly in the pediatric popu- 
lation. Thrombolytics are not recommended as they may 
dislodge septic emboli in infected vessel walls. 


Otitic Hydrocephalus 

Otitic hydrocephalus is defined as increased intracranial 
pressure without ventricular dilatation, meningitis, or 
intracranial abscess in patients with acute or chronic mid- 
dle ear infection. Increased intracranial pressure may man- 
ifest with headache, nausea and vomiting, papilledema, 
and diplopia from ipsilateral abducens nerve (cranial 
nerve VI) palsy. 
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The etiology of otitic hydrocephalus is hypothesized 
to be diminished CSF resorption by arachnoid granula- 
tions secondary to thrombosis in a dominant lateral dural 
venous sinus (50,52). Modern imaging has demonstrated 
that sagittal sinus thrombosis is not a necessary precursor, 
but inadequate cross-communication at the torcula with 
occlusion of the dominant outflow tract may impair venous 
drainage sufficiently to raise intracranial pressure (47,52). 

MRI with MRV readily identifies lateral sinus thrombo- 
sis with total occlusion. If lumbar puncture is deemed safe 
based on central imaging, opening pressure will be ele- 
vated, but CSF studies will reveal normal biochemistry and 
cytology. Patients should undergo neuro-opthalmologic 
examination. 

Treatment of otitic hydrocephalus requires mastoidec- 
tomy appropriate for the disease, exposure of all diseased 
dura to normal dura, and removal of excess extradural 
granulation tissue. Management of sigmoid sinus throm- 
bophlebitis is discussed above. The treatment additionally 
involves medically lowering intracranial hypertension and 
careful monitoring for reductions in visual fields and visual 
acuity. Initial therapy may include corticosteroids, acetazol- 
amide, mannitol, furosemide, and/or repeat lumbar punc- 
ture. As resolution of symptoms is observed in patients even 
in the setting of persistent lateral sinus thrombosis, recov- 
ery from otitic hydrocephalus is purported to be secondary 
to development of compensatory collateral venous drain- 
age (50,52). Thus, management often extends for months 
beyond the initial surgical approach to the sinus and ven- 
triculoperitoneal shunts may be necessary to reduce intra- 
cranial hypertension on a long-term basis. Failure of these 
measures to reverse progressive visual deterioration neces- 
sitates fenestration of the optic nerve sheath (53). 


m Intratemporal (extracranial) complications of OM 
include 
~ Mastoiditis (acute, coalescent, chronic, or “masked”) 
With or without subperiosteal abscess or 
Bezold abscess 
Petrositis 
Labyrinthitis 
Facial paralysis 
Labyrinthine fistula 
m Intracranial complications of OM include 
Extradural granulation tissue and/or abscess 
Sigmoid sinus thrombophlebitis 
Brain abscess 
Otitic hydrocephalus 
Meningitis 
Subdural abscess 
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Important clinical signs of impending complica- 
tions include the persistence or recurrence of acute 
infection within 2 weeks of treatment, or the persis- 
tence of foul-smelling discharge despite treatment. 
Persistent low-intensity pain of 1 week’s duration 
during specific antibiotic treatment for suppurative 
OM suggests the diagnosis of “masked mastoiditis.” 
Retro-orbital pain during ear infection, a key sign of 
petrositis, is not always volunteered in the patient's 
history and must be specifically elicited. 

Extradural granulation tissue over the sigmoid sinus 
is predictable in mastoiditis and the key to three 


additional intracranial complications (sigmoid 
sinus thrombophlebitis, brain abscess, and otitic 
hydrocephalus). 


Anaerobic organisms are frequently found in 
masked mastoiditis or mastoiditis with subperios- 
teal abscess and are not found in AOM. 

The organism associated with AOM that most fre- 
quently causes meningitis is S. pneumoniae. 
Streptococcus faecalis, Proteus sp., and B. fragilis are the 
organisms most frequently found in brain abscesses. 
Pseudomonas aeruginosa, Bacteroides sp., and anaero- 
bic streptococci are most commonly found in asso- 
ciation with cholesteatoma. 

The absence of, or resolution of, a subperiosteal 
abscess may allow a serious intracranial complica- 
tion to develop because of an unrecognized and 
undertreated mastoiditis. 

Proper surgical care of most intracranial and intra- 
temporal complications requires visualization 
through thin bone or actual exposure of the dura of 
the middle cranial fossa and sigmoid sinus. Failure 
to do this can result in misdiagnosis and undertreat- 
ment of serous intracranial complications. 

A call to see a patient with peripheral vertigo, nys- 
tagmus, and hearing loss is a true emergency until it 
is established that the middle ear is normal. 
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Middle Ear and Temporal 
Bone Trauma 


Rodney C. Diaz 


Temporal bone trauma can result in significant morbidity 
and, rarely, mortality. The temporal bone houses or encap- 
sulates many important structures, all of which are at risk 
of injury with trauma to the temporal bone; these include 
the facial nerve, vestibulocochlear nerve, cochlea and laby- 
rinth, ossicular chain, tympanic membrane, external audi- 
tory canal, temporomandibular joint, lower cranial nerves, 
jugular vein, and carotid artery. Damage to each anatomic 
structure can lead to distinctive long- and short-term 
sequelae. 

Adjacent intracranial structures such as the temporal 
lobe and meninges, abducens nerve, and brainstem may 
also be injured with temporal bone fracture. Fracture of 
the temporal bone can expose intracranial contents to the 
external world, resulting in cerebrospinal fluid (CSF) fis- 
tula, meningitis, and brain herniation. 

In addition to inducing neurotologic manifestations by 
direct injury to these structures, temporal bone fractures 
can have associated intracranial complications such as epi- 
dural or subdural hematomas, intraparenchymal contusion 
or hemorrhage, cerebral edema, posttraumatic encepha- 
lopathy, and elevated intracranial pressure. Neurotologic 
symptoms can also result from shearing strain within the 
brain tissue with disruption of vessels, axons, dendrites, 
and synapses (1). 


Injury to the lateral skull has increased with the advent of 
modern technology; the leading cause of temporal bone 
fracture is involvement in motor vehicle accidents (2). 
In the past, 75% of motor vehicle accidents resulted in a 
head injury. The increased utilization of seat belts and the 
advent of frontal and side curtain airbags may, however, 
alter these statistics in the future. When the head trauma is 
of sufficient magnitude to fracture the skull, 14% to 22% of 
those injured sustain a temporal bone fracture (3,4). In the 
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largest series of temporal bone fractures reported to date, 
31% of the temporal bone fractures in the general popu- 
lation resulted from motor vehicle accidents (2). Assault 
was the second most common cause, followed by falls and 
motorcycle accidents. Pedestrian injuries, bicycle accidents, 
gunshot wounds, all-terrain vehicle accidents, sports inju- 
ries, and miscellaneous injuries accounted for a quarter of 
all cases (2) (Fig. 150.1). The most common injury etiol- 
ogy in temporal bone fractures specific to the pediatric 
population is equally divided between motor vehicle acci- 
dents and falls (between 30% and 60% each) (5-9). 

Temporal bone fractures are reported to occur across all 
age groups with over 70% of fractures occurring in second, 
third, and fourth decades of life (2). These fractures occur 
predominantly in males, with a 3:1 to 4:1 ratio of males to 
females affected (2,10). The predisposition to temporal bone 
fractures in males is attributed not to an inherent structural 
weakness of the male skull versus the female skull but rather 
to biased involvement of males in many of the above at-risk 
activities. This is evidenced by the fact that head injuries in 
general also follow a 4:1 male-to-female ratio (10). 

In a prospective study of 350 consecutive patients 
treated for head trauma, 10% were found to have tempo- 
ral bone fractures on radiographic evaluation using helical 
CT, whereas only 6% manifested clinical signs of tempo- 
ral bone fracture on primary evaluation (10). Large retro- 
spective reviews at level I trauma centers have found an 
incidence of temporal bone fracture in 2% to 4% of con- 
secutive head injury patients (11,12). 

Eight to twenty-nine percent of patients with temporal 
bone fractures sustain them bilaterally (2,10,13,14). 


The temporal bones are pyramidal structures in the thick 
bone of the skull base and consequently require a great 
force to fracture. Early studies of static loading of the lateral 
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Figure 150.1 Cause of injury. 


skull estimated fracture thresholds of 300 to 800 kg (15). 
More recent dynamic loading studies have estimated the 
force of lateral impact required to fracture the temporal 
bones of fresh cadavers at 6,000 to 8,000 N, or approxi- 
mately 1,300 to 1,800 Ib (16,17). Comparison of data 
from static versus dynamic loading experiments indicates 
an increase in force tolerance by a factor of two under 
dynamic loading (18). Such fractures typically take the 
path of least resistance, which is along structurally weak- 
ened points such as the various foramina perforating the 
skull base. 

Sixty percent of temporal bone fractures are categorized 
as “open” fractures presenting with bloody otorrhea, brain 
herniation, or CSF draining from the ear canal, eustachian 
tube, or penetrating wound site (2). These patients are at 
greater risk for meningitis than those without evidence 
of an intracranial connection. In addition, those patients 
with fractures traversing the otic capsule are at even still 
greater risk of meningitis, sometimes delayed for years or 
decades, due to an inability of the otic capsule enchon- 
dral bone to remodel and heal (19-21). Pollak reported 
a 51-year-old man who died of meningitis who had suf- 
fered an otic capsule-disrupting fracture in childhood 
(20). The histopathology of his temporal bone revealed 
pus in the middle ear extending through an unhealed 
fracture line across the otic capsule. The fracture line con- 
tained a loose fibrous tissue. Membranous bone, such as 
that along the tegmen, has the capability to form callus 
and heal, whereas the enchondral bone of the otic capsule 
does not. Fractures through the otic capsule will generally 
only partially fill with fibrous tissue, although the surface 
may potentially seal with periosteal bone reaction (20) 
(Fig. 150.2). 

Trauma to the temporal bone often results in one 
or more neurotologic complications, depending on 
the severity of injury and type of fracture, and can vary 
between adult and pediatric populations. Table 150.1 
summarizes incidence of common complications of 
temporal bone fractures in the general and pediatric 
populations (2,6). 


CLASSIFICATION 


Temporal bone fractures have traditionally been divided 
into transverse and longitudinal fractures, based on the 
relationship of the fracture line to the axis of the petrous 
ridge (11,22,23). Some authors argue that the majority of 
fractures are actually oblique as opposed to longitudinal 
and/or are quite frequently mixed (24,25). This anatomi- 
cal classification scheme is being replaced with a new struc- 
tural scheme classifying fractures by whether they disrupt 
or spare the otic capsule, the bone housing the cochlea and 
semicircular canals (2,26,27) (Figs. 150.3-150.5). 

Fractures that spare the otic capsule typically involve the 
squamosal portion of the temporal bone and the postero- 
superior wall of the external auditory canal. The fracture 
passes through the mastoid air cells and middle ear and 
fractures the tegmen mastoideum and tegmen tympani. 
The fracture proceeds anterolateral to the otic capsule, typi- 
cally fracturing the tegmen in the region of the facial hia- 
tus. Otic capsule-sparing fractures typically result from a 
blow to the temporoparietal region. 


Figure 150.2 Histopathology of a patient who died of meningi- 
tis several decades following an otic capsule—disrupting temporal 
bone fracture. (F, fibrosis with a small amount of ossification within 
the fracture line in the otic capsule; H, hemorrhage and purulence.) 
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INCIDENCE OF COMMON 
COMPLICATIONS OF TEMPORAL 
BONE FRACTURES IN THE GENERAL 
AND PEDIATRIC POPULATIONS 


TABLE 
150.1 


Complication General (%) Pediatric (%) 


Facial nerve injury 7 6 
CSF fistula 17 28 
Meningitis 2 0.7 
Hearing loss 24 33 
Conductive HL 21 43 
Sensorineural HL 57 52 
Mixed HL 22 5 


Otic capsule-disrupting fractures pass through the otic 
capsule generally proceeding from the foramen magnum 
across the petrous pyramid and otic capsule. The fracture 
will often pass through the jugular foramen, internal audi- 
tory canal, and foramen lacerum. These fractures do not 
typically affect the ossicular chain or the external auditory 
canal (28). Otic capsule-disrupting fractures generally 
result from blows to the occipital region. 

Longitudinal fractures are reported to constitute 70% to 
90% of temporal bone fractures with the remaining 10% 
to 30% categorized as transverse (11,24,26,28-31). In two 
large series using the newer classification scheme, only 
2.5% to 5.8% of fractures disrupted the otic capsule (2,25). 
This would suggest that many fractures that are oriented 
perpendicular to the petrous ridge do not actually cross the 
otic capsule. Many of the otic capsule-disrupting fractures 
are actually oriented in the longitudinal plane (25). 


Figure 150.3 Axial bone window CT demonstrates a longitudi- 
nally oriented fracture (arrows) sparing the otic capsule. 


Figure 150.4 Axial bone window CT demonstrates a transverse- 
oriented fracture, secondary to a motor vehicle accident, disrupt- 
ing the otic capsule (arrows). 


The traditional schema of anatomical designation of frac- 
ture type was first extensively used in biomechanical stud- 
ies of cadaveric skull deformation, without correlation to 
functional outcome (23). In contrast, the newer structural 
schema underscores the importance of otic capsule involve- 
ment in heralding neurotologic sequelae. Otic capsule-dis- 
rupting fractures have a much higher incidence of facial 
nerve paralysis than otic capsule-sparing fractures (30% to 
66% vs. 6% to 13%) (2,25,32). In addition, Fisch reported 
a much higher incidence of nerve disruption in fractures 
involving the otic capsule (33). There is a two- to tenfold 
increase in CSF fistula in otic capsule-disrupting fractures 
as well as a much greater risk of intracranial injuries, com- 
pared to otic capsule-sparing fractures (2,25,27). Fractures 


Figure 150.5 Axial bone window CT demonstrates a mixed frac- 
ture (arrows) that spares the otic capsule. 
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that disrupt the otic capsule will almost always result in a 
sensorineural hearing loss, although there are reported 
exceptions to the rule (34). Hearing loss in otic capsule- 
sparing fractures tends to be conductive or mixed (2,27). 
Historically, sensorineural hearing loss has been associated 
with transverse rather than longitudinal fracture type, but in 
a recent study, this correlation was not borne out but rather 
inverted: longitudinal fractures were three times as likely to 
be associated with sensorineural hearing loss as were trans- 
verse fractures (27). This study demonstrated a statistically 
significant difference in complication rates involving facial 
nerve injury, CSF fistula, and conductive hearing loss when 
155 temporal bone fractures were categorized with the 
structural schema of otic capsule-sparing versus otic cap- 
sule-disrupting fracture types, while concurrently demon- 
strating no statistical significance when using the traditional 
classification schema of longitudinal versus transverse frac- 
ture types. A recent review of 30 temporal bones supported 
these findings and noted that otic capsule-disrupting frac- 
tures were five times more likely to have facial nerve injury, 
25 times more likely to have sensorineural hearing loss, and 
8 times more likely to have CSF leak (32). 

The newer classification scheme emphasizes functional 
outcome and better prognosticates those temporal bone 
fractures that will exhibit neurotologic manifestations. 
In addition to the predictive value for various complica- 
tions and comorbidities, categorization of fractures into 
otic capsule-sparing and otic capsule-disrupting injuries 
guides the indications for surgical intervention for CSF fis- 
tula and facial paralysis as well as the surgical approach to 
be utilized in their repair. 


EVALUATION 


It is uncommon for temporal bone fractures to occur in 
isolation of other bodily injury, and consequently the ini- 
tial evaluation and management is focused on the urgent 
life-threatening issues of securing an airway, controlling 
hemorrhage, evaluating the neurologic status, and sta- 
bilizing and evaluating the cervical spine. Following or 
concurrent with this evaluation, the neurotologic exam is 
performed. It is extremely important to assess facial nerve 
function in the emergency room as early as possible, prior 
to the administration of muscle relaxants, as will be dis- 
cussed below. The ear exam focuses on the condition of the 
auricle, ear canal, tympanic membrane, and middle ear. 


Clinical Evaluation 


The auricles are inspected for lacerations and hemato- 
mas. Lacerations are closed after thorough cleaning and 
debridement of exposed cartilage. Hematomas are drained 
and pressure bolsters are sutured in place to close the dead 
space and prevent a recollection of blood. Untreated, the 
auricular hematomas will result in an auricular chondrop- 
athy or “cauliflower ear.” 
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Battle sign is seen in the presence of basilar skull frac- 
tures, including temporal bone fractures. Extravasation of 
blood from the mastoid emissary veins leads to ecchymo- 
sis over the mastoid bone and mastoid tip. This sign may 
be present in the initial clinical assessment but more often 
appears in a delayed fashion days after the injury. 

The ear canal is inspected for fractures along the roof, 
CSF otorrhea, degree of hemorrhage, and the presence 
of brain herniation. The ear is examined as aseptically 
as possible. Blood and cerumen in the ear canal should 
never be debrided with irrigation. Following stabiliza- 
tion in the emergency room and transfer to the ward or 
intensive care unit, the ear can be more carefully examined 
with the aid of an operating microscope. Typical findings 
include fractures along the scutum and roof of the external 
auditory canal and/or tympanic membrane perforations. 
Hemotympanum or bloody otorrhea are almost invariably 
present and are two of the most common signs of temporal 
bone fracture (Figs. 150.6-150.8). 

The integrity of the tympanic membrane is assessed, as 
is the presence of hemotympanum. Hemotympanum and 
any associated serous effusion generally resolve spontane- 
ously, with resolution of concomitant conductive hearing 
loss, within 4 to 6 weeks and simply require observation. 
Traumatic tympanic membrane perforations generally heal 
spontaneously as well, and consequently no acute inter- 
vention is necessary. 

Hearing is initially assessed clinically at the bedside 
with a progressively louder whispered voice. Tuning fork 
examination is useful in delineating conductive from sen- 
sorineural hearing loss. Pure tone and speech audiom- 
etry are not typically necessary in the acute setting and 
are obtained after the patient is stabilized. However, in 
the presence of complications of facial paralysis or CSF 
fistula in which surgical intervention may be necessary, 


Figure 150.6 Otoscopic image demonstrating a nondisplaced 
fracture along the scutum (black arrow). Blood is layering out infe- 
riorly (white arrow). 
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Otoscopic image demonstrating a displaced frac- 
ture along the scutum (black arrow). 


preoperative audiometry is necessary as results will dictate 
the options available for management within the treat- 
ment algorithm, as is discussed below. 

The neurotologic exam should note the presence or 
absence of nystagmus as well as the type of nystagmus. 
Peripheral vertigo generally manifests with horizontal or 
rotatory nystagmus and is suppressible with visual fixa- 
tion. Central vertigo may present with vertical or direc- 
tion-changing nystagmus that fails to suppress and may 
even enhance with fixation. The most common type of 
vertigo following head trauma is benign paroxysmal posi- 
tional vertigo (BPPV) (35). BPPV classically manifests with 


Otoscopic image demonstrating a hemotympanum. 


latent-onset, transient rotatory nystagmus and concomi- 
tant vertigo with the Dix-Hallpike maneuver (35,36). The 
nystagmus occurs with the affected ear down. There is a 
2- to 10-second latency followed by 10 to 30 seconds of 
rotatory nystagmus in the geotropic direction—that is, with 
the upper half of the globe rotating in fast phase direction 
towards the ground. Upon returning to an upright sitting 
position, a second bout of vertigo with nystagmus in the 
counterrotatory direction is often seen. The nystagmus is 
fixed in direction and is fatigable with repeated maneuvers. 
In contrast, central positional vertigo induces direction- 
changing nystagmus, which has no latency and is non- 
fatigable. Interestingly, the incidence of vertigo does not 
closely correlate with the severity of the trauma (37). 

Electronystagmography (ENG) is helpful in categorizing 
and localizing the vestibular injury; however, as with audi- 
ometry, it is typically not obtained in the acute setting. The 
vast majority of posttraumatic vertigo resolves spontane- 
ously. If the symptoms persist following discharge from the 
hospital, an ENG can be obtained to help clarify diagnosis 
on an outpatient basis. 

Pneumatic otoscopy, which consists of applying posi- 
tive and negative pressure in the ear canal with a pneumatic 
otoscope, should not be performed in the acute setting. 
Application of positive and negative pressure in the potential 
setting of CSF fistula, and/or communication with the laby- 
rinth if the fracture is otic capsule disrupting, increases the risk 
of iatrogenic injury from introduction of infection or air into 
the intracranial space or inner ear. This risk outweighs any 
potential diagnostic benefit in the acute setting. If the patient 
continues to experience vertigo or is experiencing fluctuating 
or progressive hearing loss longer than 1 week after the injury, 
a perilymph fistula is suspected and pneumatic otoscopy can 
then be performed to check for nystagmus and vertigo. The 
continued presence of spontaneous nystagmus following 
traumatic injury to the temporal bone is also suggestive of a 
perilymph fistula. Alternobaric testing with pneumatic otos- 
copy should not be performed if there is evidence of a persis- 
tent CSF fistula or infection in the middle ear. 


Radiographic Evaluation 


Patients with severe head trauma of the magnitude required 
for a temporal bone fracture will generally already have had 
a computed tomography (CT) scan of the head to assess 
for intracranial hemorrhage and other intracranial injuries. 
Temporal bone fractures can typically be discovered on 
standard head CT alone and can be traditionally classified 
as longitudinal, transverse, or mixed, or categorized with 
the more clinically significant otic capsule-sparing versus 
otic capsule—-disrupting classification, as discussed above. 
Intravenous contrast-enhanced CT is not necessary for the 
diagnosis of temporal bone fractures. 

Additional imaging of the temporal bone with axial and 
coronal high-resolution CT scanning (HRCT) is indicated 
in the presence of facial paralysis, signs of CSF otorrhea or 
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Figure 150.9 Otoscopic photograph demonstrating a distracted 
fracture along the roof of the external auditory canal and scutum 
allowing for potential in growth of canal skin. 


rhinorrhea, disruption of the superior wall of the external 
auditory canal or scutum with potential trapping of epi- 
thelium (Fig. 150.9), or suspected vascular injury. HRCT 
of the temporal bones is also indicated if surgical interven- 
tion is required in the management of a neurotologic com- 
plication. 

HRCT proves an invaluable tool for management deci- 
sion making in the setting of immediate-onset, complete 
facial paralysis: A finding of bony impingement of the 
facial nerve and fallopian canal, either by bony spicules 
or by translocation of fracture components, is an indica- 
tion for facial nerve exploration and decompression. In 
contrast, delayed-onset or incomplete facial paralysis alone 
does not require further radiologic evaluation with HRCT. 

Hearing loss alone, whether conductive or sensorineu- 
ral, in the absence of other complications also does not 
warrant additional temporal bone imaging in the acute 
setting. Demonstration of a transverse fracture or otic 
capsule-disrupting fracture in the setting of anacusis or 
profound sensorineural hearing loss will not alter the 
treatment plan. However, preoperative assessment with 
CT scanning in patients with a conductive hearing loss of 
sufficient magnitude to warrant exploration and ossicular 
reconstruction may provide useful information that may 
influence the surgical approach. 

Ossicular discontinuity following temporal bone trauma 
can often be imaged on HRCT; types of discontinuities most 
easily identifiable on HRCT are incus dislocation and mal- 
leoincudal subluxation (38). In complete incus dislocation, 
in which both the malleoincudal and incudostapedial joints 
have been disrupted, the resulting position of the incus can 
be quite variable: residing in the epitympanum lateral to the 
malleus head (causing a “Y” configuration when viewed on 
coronal cuts), within the external auditory canal, or even 
not visible at all (presumably extruded from the body or 
“lost” within the mastoid air cells). Partial dislocation of the 
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incus and subluxation of the malleoincudal joint creates a 
diastasis of the malleus head “ice cream scoop” from the 
incus body “cone,” with or without rotation of the incus 
body, on axial imaging. Incudostapedial subluxation and 
stapes fracture are difficult to ascertain on CT. 

Posttraumatic sensorineural hearing loss is highly cor- 
related with otic capsule-disrupting fractures, but many 
cases present with no radiologic findings. In these cases, an 
impulsive disruption of the membranous labyrinth, termed 
cochlear concussion, is theorized (39). Intralabyrinthine 
hemorrhage is an etiology that can be imaged and is seen 
as a region of signal hyperintensity within the vestibule 
and cochlea on noncontrast T1-weighted MR imaging if 
performed acutely (40,41). 

Similarly, identification of perilymph fistula is usually 
not directly possible on radiographic imaging, but this 
diagnosis can be suggested when recognition is made of 
otic capsule-disrupting fracture, stapes fracture, loss of sta- 
pes bone, or pneumolabyrinth in the setting of persistent 
fluctuating hearing loss and vertigo (38,42). 

The role of HRCT in the evaluation of potential carotid 
artery injuries is unclear. Resnick et al. reported a 5% inci- 
dence of carotid injury in basilar skull fractures if the frac- 
ture spares the carotid canal and an 18% incidence of 
carotid injury in patients with fractures through the carotid 
canal seen on HRCT (43). However, Kahn argues that, in 
an asymptomatic patient, HRCI demonstration of a frac- 
ture through the carotid canal yields no valuable additional 
information (44). Subsequent angiography performed in 
cases of asymptomatic carotid canal fractures yielded no evi- 
dence of carotid artery injury and provided no clinical utility 
(44). Consequently, in completely asymptomatic patients 
sustaining a temporal bone fracture, who are neurologi- 
cally intact, HRCT and angiography are not required. On the 
other hand, if there are any transient or persistent neuro- 
logic deficits in patients with basilar skull fractures, HRCT 
of the temporal bone together with CT angiography is indi- 
cated (Fig. 150.10). MR angiography can also be considered 
for screening evaluation of the petrous carotid artery. 


Figure 150.10 Axial bone window CT demonstrates a fracture 
of the carotid canal (arrows). 
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Sun et al. (45) sought to identify predictive findings 
of carotid artery injury on CT scan in patients who 
underwent angiography. Sphenoid bone fracture, petrous 
carotid canal fracture, and pneumocephalus were evalu- 
ated. With all three findings on CT scan, specificity of 
85% and negative predictive value of 80% were obtained, 
while sensitivity was low. Further evaluation of corre- 
lation between CT findings and carotid artery injury is 
warranted. 

Conventional skull radiography, including Schiller, 
Towne, Chamberlain, Stenvers, and basal views as well as 
tomograms, has been supplanted by HRCT scanning and 
no longer plays a role in the evaluation of patients sus- 
pected of having a temporal bone fracture. 

In evaluating temporal bones for fracture on CT, care 
must be taken to avoid mistaking normal anatomic struc- 
tures for fracture lines. Extrinsic suture lines (petro-occipital, 
temporo-occipital, occipitomastoid sutures), intrinsic suture 
lines (tympanomastoid, tympanosquamous, petrotym- 
panic fissures), and intrinsic channels (cochlear aqueduct, 
vestibular aqueduct, glossopharyngeal nerve/glossopharyn- 
geal sulcus, subarcuate artery/petromastoid canal, singular 
nerve/singular canal, Arnold nerve/mastoid canaliculus, 
Jacobson nerve/inferior tympanic canaliculus, and greater 
superficial petrosal nerve/facial hiatus) may all mimic frac- 
ture lines within the temporal bone (38). Knowledge of 
their anatomic relationships and distinction with true frac- 
ture lines is necessary to prevent incorrect interpretation of 
CT imaging. 


MANAGEMENT 


The morbidity and mortality associated with temporal 
bone fractures result from injuries to the structures pass- 
ing through the temporal bone or abutting the temporal 
bone as described above. The most common complica- 
tions include facial nerve injury, CSF fistula, sensorineu- 
ral hearing loss, conductive hearing loss, cholesteatoma 
formation, and stenosis of the ear canal. In addition, rare 
complications may occur, including abducens nerve injury, 
trigeminal nerve injury, Horner syndrome, carotid injury, 
sigmoid sinus thrombosis, traumatic porencephalic cyst 
formation, and intracranial dislocation of the mandibular 
condyle (12,46-51). 


Facial Nerve Injury 


Facial paralysis is a severely disfiguring complication of 
temporal bone fractures. Six to seven percent of temporal 
bone fractures result in facial paralysis. This figure repre- 
sents data based on large prospective and retrospective 
series of all consecutive patients treated for head injury or 
temporal bone fracture, thereby avoiding previous system- 
atic bias towards overreporting of clinical complications 
(2,10). Of these facial nerve injuries, one-fourth are com- 
plete. The incidence of facial nerve injury in temporal bone 


fractures of the pediatric population is 3% to 9%, compa- 
rable to that of the adult population (5,8,9). 

The incidence of facial paralysis in the literature has 
previously been reported as high as 30%. However, this 
estimation is exaggerated due to sampling error: Simple, 
uncomplicated temporal bone fractures without facial 
nerve injury are often not referred for otolaryngologic con- 
sultation. The incidence of facial paralysis in the literature 
has also been overestimated by including patients in retro- 
spective reviews who have been referred to a tertiary care 
center for management of complications of temporal bone 
fractures such as facial paresis. Since the entire pool of tem- 
poral bone fracture patients had not been included in prior 
statistics, the reported incidence of complications has pre- 
viously been quite biased. 

If head trauma patients are carefully evaluated in the 
emergency room upon admission, prior to the administra- 
tion of muscle relaxants, 27% of facial nerve injuries will 
present with immediate-onset facial paralysis; 73% will 
have facial motion in the initial examination and sub- 
sequently deteriorate (2). The latency in onset of facial 
palsy ranges from 1 to 16 days. It is crucial to differentiate 
“delayed onset” from “delayed diagnosis.” Delayed onset 
of facial paralysis is defined as documented facial func- 
tion in the emergency room that subsequently deterio- 
rates. A delayed diagnosis of facial paralysis occurs when 
the patient is given a paralytic agent and intubated prior to 
examination of facial function. In this situation, an assess- 
ment of facial function is delayed until extubation. These 
patients should be categorized as unestablished onset and 
treated similar to the immediate-onset patients. In one 
large series, 10% of patients fell into this unestablished- 
onset category (52). 

Many aspects in the management of facial nerve injury 
remain controversial. One of the main issues to be resolved 
is the indication for surgical exploration. Since the vast 
majority of traumatic facial palsies resolve spontane- 
ously, the decision of which injuries to explore is based on 
prognostic factors for poor outcome. The factors that are 
assessed in predicting recovery of facial function include 
timing of onset (delayed vs. immediate onset), severity of 
the injury (penetrating vs. nonpenetrating), and the pres- 
ence of associated infection. 

The delay of onset of paralysis following temporal bone 
fracture is the most important of the predictive factors. 
In one series of 37 delayed-onset facial palsies, five were 
lost to follow-up and the remainder recovered to a House- 
Brackmann grade I or II (2). McKennan and Chole (53) 
described their experience with 17 patients with imme- 
diate-onset facial paralysis and 19 patients with delayed- 
onset paralysis. Complete spontaneous recovery of facial 
function occurred in 94% of the patients with delayed- 
onset paralysis. The one remaining patient had a House- 
Brackmann grade II recovery. In contrast, 8 out of the 17 
immediate-onset paralysis patients had facial nerve tran- 
sections. 
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Turner reviewed a large series of traumatic facial 
paralysis treated conservatively (54). His paper included 
36 immediate-onset and 34 delayed-onset facial palsies. 
Complete recovery occurred in 94% of the delayed-onset 
cases and 75% of immediate-onset palsies. The one patient 
with delayed-onset paralysis who had no recovery of 
function developed the facial palsy coincident with acute 
otitis media. Similarly, in a recent systematic review, the 
outcomes of 25 patients with immediate paralysis and 
20 patients with delayed paralysis treated with conservative 
management were assessed. Eighty percent of the delayed 
paralysis patients had complete recovery of facial func- 
tion while less than 40% of those with immediate paraly- 
sis recovered complete facial function (55). Maiman et al. 
(56), in contrast, found no correlation between immediate- 
or delayed-onset facial paralysis, treated nonsurgically, and 
outcome. However, 44 out of 45 of their patients (includ- 
ing both immediate and delayed onset) had satisfactory 
recovery. Review of the above literature argues strongly 
against surgical exploration and decompression of delayed 
posttraumatic and facial paralysis. The natural course of 
delayed facial paralysis is almost always recovery of facial 
function to a House-Brackmann grade I or II. There are no 
convincing data in the literature that demonstrate that sur- 
gical intervention in delayed-onset paralysis will increase 
the probability of complete recovery of function. 

May describes the difficulty in differentiating imme- 
diate- from delayed-onset facial paralysis. He explored 
reportedly “delayed-onset” palsies and found on occasion 
a severed nerve (57). This observation highlights the neces- 
sity of careful examination in the emergency room prior 
to chemical paralysis. Even in comatose patients, painful 
stimuli will generally induce a symmetric grimace when 
both facial nerves are intact; unilateral weakness of all 
facial branches implies a peripheral—that is, facial nerve— 
lesion, whereas selective weakness of the lower branches 
with bilateral temporal branch sparing implies a central 
lesion, proximal to the facial nucleus. Admittedly, informa- 
tion regarding facial nerve function immediately following 
an injury is not always available. Sometimes the exam is 
omitted due to attention to other life-threatening compli- 
cations or because the patient has already received muscle 
relaxants with intubation. Some patients are not respon- 
sive to pain and a grimace cannot be induced. The critical 
issue is whether or not any facial function has been identi- 
fied. If facial function is present in the emergency room 
and subsequently deteriorates, our experience is that the 
patient will recover without surgical treatment. When reli- 
able information from the emergency room is unavailable, 
the patient is never documented to have facial function, 
and the diagnosis of facial palsy is delayed by a few days, 
these cases must be categorized as “unknown onset” and 
considered with the immediate-onset group when consid- 
ering management options. 

The degree of facial nerve injury is also a critical factor 
in guiding the management algorithm. Incomplete paresis 
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rarely fails to completely resolve spontaneously unless an 
additional insult to the nerve, such as infection, occurs 
(2). A review of 71 patients with partial facial weakness 
demonstrated that the overwhelming majority of patients 
achieved recovery to House-Brackmann grade I and no 
patients had House-Brackmann grade VI outcome (55). 
Consequently, only patients with complete paralysis of 
immediate or unknown onset are considered for surgical 
exploration. 

The degree of injury can be assessed not only clinically 
with facial motion but also with electrodiagnostic testing 
using the Hilger facial nerve stimulator; evoked electro- 
myography (EEMG), also known as electroneuronography 
(ENoG); and standard EMG. The role of electrodiagnostic 
testing is to assist the clinician in differentiating a neu- 
ropraxic injury from a neural degenerative injury and to 
assess the proportion of degenerated axons. Nerves sus- 
taining a neuropraxic injury proximal to the stimulated 
portion of the nerve maintain electrical stimulability at all 
times following the injury. Partial or complete disruption 
of the nerve results in Wallerian degeneration and conse- 
quent decrease or loss of stimulability. However, Wallerian 
degeneration occurs in a delayed fashion, and the distal 
segment of the nerves maintains electrical stimulability for 
3 to 5 days postinjury (58). Consequently, electrodiagnos- 
tic testing cannot reliably differentiate a neuropraxic injury 
from a laceration of the nerve for up to 3 to 5 days. 

Sunderland classified nerve fiber injuries in five catego- 
ries (59). The first-degree injury is an anatomically intact 
nerve fiber with a conduction blockade (neuropraxia). 
These lesions tend to recover completely. The second- 
degree injury transects the axons but maintains an intact 
endoneurium (axonotmesis). Again, these lesions also tend 
to resolve without subsequent deficits. The third-degree 
injury transects the axon and endoneurium but maintains 
an intact perineurium (neurotmesis). Aberrant regenera- 
tion can occur with third-degree injuries, leaving patients 
with some weakness and synkinesis. Fourth-degree inju- 
ries transect the entire nerve trunk but maintain an intact 
epineural sheath (neurotmesis). Loss of the conduit of the 
epineural sheath allows regenerating axons to cross into 
adjacent fascicles, resulting in a loss of topographic orga- 
nization. A proportion of the regenerating fibers are also 
lost due to the healing process and scarring. These lesions 
result in a high incidence of residual weakness, synkinesis, 
and hyperkinesis. Complete transection of the entire nerve 
trunk and epineurium is classified as a fifth-degree injury 
(neurotmesis) and is associated with poor spontaneous 
recovery, if any, depending on the degree of diastasis of the 
nerve stumps. Some authors have advocated a sixth-degree 
injury classification in which different fascicles of the facial 
nerve have sustained different degrees of injury of the five 
traditional injury types described by Sunderland. 

The Hilger facial nerve stimulator is used to perform 
both the minimal nerve excitability test (NET) as well as 
the maximal stimulation test (MST). The facial nerve is 
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stimulated percutaneously adjacent to the stylomastoid 
foramen and the various distal branches. In NET, the 
branches of the facial nerve are stimulated on both the 
injured side and on the contralateral side, which serves as 
a control. The current used is incrementally increased just 
until threshold is reached, manifested by facial twitching, 
and this threshold level is recorded for each side individu- 
ally. A threshold difference of 3.5 mA or greater between 
the affected and nonaffected sides of the face suggests 
significant neural degeneration. The test is most useful 
between 2 and 14 days postinjury in patients with dense 
facial paralysis to differentiate between neuropraxic and 
neurodegenerative injuries. The testing is unnecessary in 
incomplete paralysis in which there is almost always 100% 
recovery. 

May et al. (G0) argues that the MST provides a more reli- 
able estimation of the degree of degeneration. In the MST, 
stimulation of the nonaffected, control side is performed 
similar to in the NET, but the intensity of the stimulus is 
further increased until the amount of facial contraction 
plateaus or is limited by patient intolerance. The affected, 
injured side is then stimulated with the same current 
amplitude, and the degree of contraction is subjectively 
assessed by the physician and compared with that of the 
unaffected side of the face. The difference in contraction is 
expressed as equal, mildly decreased, markedly decreased, 
or no response. The latter two categories are associated 
with poorer prognosis. Similar to NET, MST is most useful 
between 2 and 14 days postinjury in patients with dense 
facial paralysis. Again, any volitional movement of the face 
would indicate an intact nerve trunk and supercede any 
electrical testing. 

Evoked electromyography (EEMG) has been popular- 
ized by Fisch and termed electroneuronography (ENoG) 
(61). ENoG differs from EEMG only in the use of bipo- 
lar stimulating and recording electrodes. Both techniques 
measure the evoked compound muscle action potential 
(CAP) and provide similar information to the MST but in 
an objective fashion. The stimulating bipolar electrodes 
are placed adjacent to the stylomastoid foramen, and the 
recording bipolar electrodes in the nasolabial crease. The 
peak-to-trough amplitude of the CAP is measured on both 
sides, and the diminution in amplitude of the CAP on the 
Pparetic side as compared to the control side is indicative 
of the percentage of degenerated nerve fibers. EEMG has 
been demonstrated to be the most accurate electrodiag- 
nostic test for prognostic information (62). Fisch reported 
that patients in whom the degeneration on EEMG reaches 
90% within 6 days of onset of a traumatic facial paraly- 
sis have a poorer outcome and consequently should be 
decompressed (63). Sillman et al. (64) demonstrated a sig- 
nificant association between a CAP decline of greater than 
90% and poor recovery of function for idiopathic paralysis, 
but demonstrated no significant association between CAP 
decline of greater than 90% and clinical outcome in trau- 
matic paralysis. 


The value of EMG in the acute management of traumatic 
facial paralysis remains controversial. Standard monopo- 
lar EMG is performed by insertion of an EMG electrode 
into the muscle and the spontaneous electrical activity 
recorded. Two types of information are obtainable: volun- 
tary activity and fibrillation potentials. If voluntary activity 
is present in the acute postinjury period, the patient has a 
very high probability of good recovery (64). However, May 
et al. (65) reported only 75% accuracy in predicting a poor 
recovery and 62% accuracy in predicting a favorable result. 
Fibrillation potentials result from denervation of the mus- 
cle but are delayed 2 to 3 weeks following the injury and 
consequently offer little additional information to guide 
therapy in the acute setting (66). 

After defining the at-risk population for poor recovery 
of function, the next question to answer is: Does surgical 
intervention alter the outcome? Turner in 1944 reported 
on 69 patients with varying degrees of facial paralysis fol- 
lowing temporal bone trauma (54). Thirty of these patients 
had complete facial paralysis, all of which were treated 
nonoperatively. This group of patients was unbiased in 
that none of his series underwent surgical decompression. 
Good recovery occurred in 63% of the patients, incomplete 
recovery with synkinesis in 23%, and poor recovery in 13%. 
Maiman et al. (5G) reported on the outcome of 21 patients 
with posttraumatic complete facial paralysis. Full recovery 
occurred in 52% of the patients and incomplete recovery 
in 43%. One patient had a poor outcome. Brodie and 
Thompson (2) had eight patients with complete paralysis 
who met criteria for facial nerve decompression who, for 
a variety of reasons, did not undergo surgical exploration. 
Seven of the eight patients had good recovery of function 
and one patient had a poor outcome. The combined rate of 
good recovery of function with conservative, nonsurgical 
management, in the above three studies is 63%. 

In contrast, analysis of six case series studies of patients 
undergoing surgical decompression for complete facial 
nerve paralysis revealed a combined rate of good recovery 
of facial function of 51%. This figure excludes severed facial 
nerves. The criteria to be included in the surgical groups 
were that the nerves were no longer stimulable with the 
Hilger facial nerve stimulator or demonstrated greater than 
90% degeneration within 6 days or 95% degeneration 
within 14 days on EEMG/ENoG. 

The outcomes in facial nerve function for patients who 
underwent conservative, nonsurgical management versus 
those undergoing facial nerve decompression in various 
series are summarized in Table 150.2 (2,52,54,56,67-70). 

It is difficult to compare the recovery rates of facial nerve 
function in patients undergoing surgical and nonsurgical 
management. The patients included in the observation 
studies did not necessarily meet the same criteria as those 
included in the surgical decompression studies, thereby 
potentially artificially inflating the positive outcomes in 
patients treated nonsurgically. In an extensive review and 
analysis of the literature, Chang and Cass (71) concluded 
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US) FACIAL NERVE OUTCOME FOLLOWING COMPLETE 
ub-\'Py45 FACIAL PARALYSIS 
Good Incomplete Poor Transected 
Treatment n (HB I or Il) (HB III or IV) (HB V or VI) Nerve 
Nonoperative 
Turner 30 19 7 4 
Maiman 21 11 9 1 
Brodie 8 7 0 1 
Rate 63% 27% 10% 
Operative 
Kamerer 62 18 15 9 20 
Lambert 17 11 0 0 fo) 
Coker 12 5 4 1 2 
Brodie fo) 4 0 2 0 
Darrouzet 65 25 26 5 9 
Yeoh 6 4 1 1 0 
Rate 51% 35% 14% (22%) 


that there are no studies that prove or disprove the efficacy 
of facial nerve decompression. 

Since Wallerian degeneration is not documented on 
electrodiagnostic testing for 3 to 5 days following the axo- 
notmesis or neurotmesis, surgical intervention is delayed 
until several days after the nerve has degenerated. Although 
decompression of the facial nerve prophylactically in 
acoustic neuroma surgery has been proven efficacious, the 
decompression is performed prior to Wallerian degenera- 
tion having occurred (72). Demonstrating that decompres- 
sion of a posttraumatic nonsevered nerve is efficacious 
remains to be proven in a randomized prospective study. 

The key factor in the decision to surgically explore a facial 
nerve is whether the nerve is suspected of being severed, 
crushed, or impaled with bone fragments. The incidence 
of transected nerves in the largest series ranges from 6% to 
45% (52,67-69,73).The high frequency of severed nerves in 
some of these reports is biased by patient selection, as dis- 
cussed previously. Patients are referred to the tertiary centers 
performing nerve explorations when they fail to spontane- 
ously recover. However, the vast majority of patients do not 
have a transected nerve and therefore recover spontaneously 
and are not referred to tertiary centers. 

The probability of severing the facial nerve is actually 
quite low, but the outcome of a transected nerve following 
observation alone is poor. Therefore, an attempt should be 
made to identify patients with crushed, impaled, or other- 
wise transected nerves, as these are the patients who would 
most benefit from surgical intervention. Electrodiagnostic 
testing of nerves with complete paralysis can only differen- 
tiate injuries that have undergone Wallerian degeneration 
from those that have not, that is, Sunderland II-V- versus 
Sunderland I-degree injuries. Since one cannot differenti- 
ate a Sunderland fifth-degree injury (severed nerve) from 
a second-, third-, or fourth-degree injury on the basis of 
electrodiagnostic testing, exploration is warranted only in 


Patients with complete, immediate-onset paralysis in whom 
electrical stimulability is lost; it is these patients who are 
at greatest risk for crushed, partially severed, or transected 
nerves. The site of injury to the facial nerve in temporal 
bone fractures is in the perigeniculate region in 80% to 
93% of patients (33,67,68). Lambert and Brackmann (67) 
found a second lesion in 4 out of 21 patients in the mastoid 
segment. Accordingly, the approach utilized for the nerve 
exploration must expose these two regions. Fisch advocates 
a translabyrinthine approach for transverse fractures and a 
combined transmastoid/middle cranial fossa approach for 
longitudinal fractures (63). May described a transmastoid/ 
supralabyrinthine approach to the region of the geniculate 
ganglion for facial nerve decompression (74). Goin studied 
this approach in cadaveric temporal bones and found that 
he could consistently expose the distal labyrinthine segment 
and geniculate ganglion (75). However, the fundus of the 
IAC could be exposed in only 60% of the temporal bones. 
Yanagihara (76) applied the transmastoid/supralabyrin- 
thine approach in 36 patients. Only five temporal bone frac- 
tures in his series of 41 patients required a middle cranial 
fossa approach to expose the geniculate region. 

The translabyrinthine approach is advocated for facial 
nerve exploration in patients with profound hearing loss. 
The approach provides excellent exposure for decompres- 
sion, nerve rerouting with direct reanastomosis, and cable 
grafting. In otic capsule-sparing fractures with ossicular 
discontinuity, the nerve is explored via a transmastoid/ 
supralabyrinthine approach. This approach generally 
requires dislocation of the incus and ossicular reconstruc- 
tion at the completion of the operation. If the patient has 
any contralateral hearing loss or the anatomy is not condu- 
cive for supralabyrinthine exposure, a middle cranial fossa 
approach is utilized. 

Timing of facial nerve repair has in the past been con- 
troversial. McCabe advocated repairing the nerve within 
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the first 3 days or delaying facial nerve reanastomosis for 
20 days postinjury (77). This recommendation was based 
on the observation that regeneration and axoplasmic flow 
were greatest at 3 weeks postinjury. Barrs studied the tim- 
ing of facial nerve repair in micropigs and found no advan- 
tage of waiting the 3 weeks until the neuronal cell body 
metabolic activity was maximal (78). This animal model 
did not show a statistically significant difference in elec- 
trophysiologic testing between nerves grafted throughout 
various times within 3 months of transection. 

Fisch advocates exploration when the ENoG indi- 
cates 90% degeneration occurring within 6 days (79). He 
argues that decompression should be performed early to 
minimize further degeneration. May also advocates early 
exploration (57). His series demonstrated a correlation 
between better results and shorter interval between injury 
and repair. 

Late exploration for potentially severed nerves is still 
indicated, but the role of late decompression remains con- 
troversial. Quaranta et al. (80) reported on nine patients 
decompressed 2 to 3 months after sustaining their tem- 
poral bone fractures. Seventy-eight percent recovered to a 
House-Brackmann grade I or II at 1 year postdecompres- 
sion. The question as to whether these patients would have 
recovered spontaneously to the same degree remains unan- 
swered. Clearly, if the nerve was severed and not approxi- 
mated, spontaneous recovery to a House-Brackmann 
grade | or Il would not occur. In that scenario, a House- 
Brackmann grade VI would be anticipated. Sanus et al. 
reported on eight patients with mean time to decompres- 
sion of 70 days. Six patients had nerve edema and two had 
bony impingement of the nerve at the time of operation. 
Long-term follow-up was available for six of these patients, 
all of whom recovered to House-Brackmann grade II] (81). 
Again, the question remains whether these patients would 
have had spontaneous recovery to the same degree. 

The range in latency to recovery of facial function varies 
from 1 day to 1 year. Fifty-nine percent of facial palsies that 
recover spontaneously do so within 1 month, and 88% 
recover by 3 months postinjury (2). 


Summary of Facial Nerve Treatment Algorithm 
Patients with delayed-onset facial paralysis are placed on 
a 2-week course of systemic corticosteroids (unless medi- 
cally contraindicated) and observed. Although there are no 
data in the literature supporting or contradicting this rec- 
ommendation, the rationale for corticosteroid use is based 
on antiinflammatory activity and the assumption that neu- 
ral edema is the primary factor in the progression of injury 
in the traumatized, nontransected nerve (71) (Fig. 150.11). 

Patients with complete paralysis of immediate onset 
are tested with the Hilger nerve stimulator between days 
3 and 7 postinjury. If stimulability is present to any degree 
(implying a physically intact nerve), the patients are 
observed. If the nerve loses all stimulability within 1 week 
of the injury, facial nerve exploration is performed. 


Facial nerve injuries occurring in an otic capsule- 
disrupting fracture are typically explored via a translaby- 
rinthine approach: the translabyrinthine approach affords 
the most direct, complete access to the entire length of 
the intratemporal facial nerve, and in fractures that cause 
a profound sensorineural hearing loss, the approach does 
not engender any significant morbidity than that already 
sustained. 

In otic capsule-sparing fractures, two surgical approaches 
are utilized. In patients in whom excellent intrinsic expo- 
sure of the intratemporal facial nerve can be achieved, 
that is, with well-aerated mastoid air cell systems or with 
ossicular discontinuity, a transmastoid/supralabyrinthine 
approach is chosen. If the patient has a poorly aerated 
mastoid air cell system or total facial nerve decompression 
cannot be achieved by the transmastoid/supralabyrinthine 
approach, a combined transmastoid/middle cranial fossa 
approach is utilized. If a severed facial nerve is encountered 
using the transmastoid/supralabyrinthine approach and 
inadequate exposure for cable grafting occurs, a middle cra- 
nial fossa approach is performed. 

The transmastoid facial nerve decompression begins with 
a complete mastoidectomy skeletonizing the tegmen mastoi- 
deum superiorly, the sigmoid sinus posteriorly, and the poste- 
rior EAC wall anteriorly. The antrum is opened, exposing the 
short process of the incus and the lateral semicircular canal. 
The semicircular canals are then skeletonized. The facial recess 
is opened and the facial nerve is skeletonized from the second 
genu to the stylomastoid foramen. If there is any evidence 
of bony trauma in this region, a complete decompression 
is performed; however, the nerve sheath is not incised. The 
buttress to the incus is subsequently removed, followed by 
removal of the incus, and the tympanic portion of the nerve is 
decompressed. If there is adequate room to proceed, a supra- 
labyrinthine decompression of the intralabyrinthine portion 
of the facial nerve is performed (Figs. 150.12 and 150.13). 
A laceration of the facial nerve in this region is cable grafted 
with a section of the greater auricular nerve. The cable graft 
is placed in the bony channel of the fallopian canal abut- 
ting the sharply incised edges of the facial nerve. To improve 
exposure, the tegmen can be eggshelled and retracted superi- 
orly. If the exposure remains inadequate, a middle fossa cra- 
niotomy is performed. If the fracture involves the proximal 
portion of the intralabyrinthine segment of the facial nerve, a 
middle fossa craniotomy is performed. 

To begin the middle fossa craniotomy, the squamo- 
sal portion of the temporal bone is exposed by extend- 
ing the postauricular skin incision in a “lazy S” shape up 
towards the vertex, first extending anteriorly, then pos- 
teriorly. The temporalis fascia is reflected inferiorly and 
the temporalis muscle is split vertically and elevated off 
of the squamosal portion of the temporal bone. The soft 
tissue dissection and exposure should extend underneath 
the zygomatic arch in order to allow adequate exposure 
for the craniotomy. Self-retaining retractors are adjusted 
to hold both muscle and skin. A bone window is created 
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Figure 150.11 Management of traumatic facial paralysis. 


with large cutting and then diamond burrs, taking care to 
avoid lacerating the underlying dura. This bone window 
is 4 by 4 cm in size and placement is set with the inferior 
border at the level of the zygomatic root, with two-thirds 
of the window anterior and one-third posterior to the ver- 
tical plane of the EAC. A rongeur is used to remove any 
remaining bone at the inferior edge of the craniotomy 
down to the level of the floor of the middle cranial fossa. 
This allows the optimal surgical line of site with minimal 
temporal lobe retraction. The House-Urban middle fossa 
retractor is engaged with the prongs in the edge of the 
craniotomy. The blade is gradually advanced, as the dura 


is elevated off the floor of the middle fossa. It is com- 
mon to encounter dural venous bleeding at the anterior 
extent of the dissection. This can usually be controlled 
with a hemostatic agent such as Surgicel or Oxycel. The 
fracture line and hematoma are generally encountered in 
the region of the facial hiatus, consistent with the notion 
of fracture lines following natural foramina within the 
temporal bone. 

The landmarks in the middle fossa are the middle 
meningeal artery at the foramen spinosum, the greater 
superficial petrosal nerve at the facial hiatus, and the arcu- 
ate eminence. The geniculate ganglion may be exposed 
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Transmastoid/supralabyrinthine decompression of right facial nerve in petrous temporal bone fracture. 
A: Right complete facial nerve decompression via transmastoid approach. The facial nerve is decompressed from the 
meatal foramen (far left) to the vertical segment. The incus buttress has been taken down and the incus resected. The 
distalmost portion of the facial nerve to the stylomastoid foramen has not yet been decompressed. Note the extremely 
generous retrofacial air cell tract. B: Close-up of supralabyrinthine component of the transmastoid decompression. The 
horizontal semicircular canal is at the lower border of view. The tympanic and geniculate segments are in center field 
of view, with the intralabyrinthine segment seen tangentially between the geniculate and horizontal semicircular canal 
ampulla. The fracture extended through the anterior petrous apex, with the fracture line diastasis exposing the middle 


fossa dura seen on the left. 


without a bony covering on the floor of the middle cra- 
nial fossa, so care should be exercised during dural eleva- 
tion. The landmark for the superior semicircular canal 
is the arcuate eminence, but the precise location of the 
canal does not uniformly correspond with the arcuate 
eminence. The canal may have very little bone coverage 


— 


Ossicular reconstruction following supralaby- 
rinthine decompression of the facial nerve. During transmastoid 
decompression, the incus may need to be resected in order to fully 
decompress the lateral face of the tympanic segment of the facial 
nerve; traumatic dislocation of the incus requires interposition 
ossiculoplasty, making this approach favorable. Following comple- 
tion of facial nerve decompression, interposition ossiculoplasty is 
readily achieved through the same transmastoid approach, without 
the need for additional transcanal tympanoplasty, as seen here. In 
this case, a Bojrab Grace ALTO + HA partial ossicular prosthesis is 
interposed between the malleus manubrium and stapes capitulum, 
both easily visible from this view. 


and be seen as a blue line after simple dural elevation, or 
there may be a large number of air cells between the canal 
and the surface of the tegmen. A coronal CT scan may be 
helpful in ascertaining this relationship: the association 
of the contours of the middle fossa floor to the superior 
semicircular canal as well as the distance between the two 
can be assessed. 

Identification of the internal auditory canal and intra- 
labyrinthine portion of the facial nerve can be accom- 
plished in any of numerous ways. House and Glasscock 
advocated identifying the greater superficial petrosal nerve 
and following this to the geniculate ganglion (82,83). Fisch 
suggested using the relationship of the superior semicircu- 
lar canal to find the internal auditory canal, which is usu- 
ally offset by 60 degrees (84). Portmann et al. (85) report 
finding the IAC 8 to 12 mm anteromedial to the location 
of the superior semicircular canal in the direction parallel 
to the petrous ridge. The tegmen tympani may be opened 
with ensuing identification of the ossicles and tympanic 
portion of the facial nerve, which can then be followed 
retrograde towards the geniculate ganglion. The method 
of Garcia-Ibanez is a reliable, often used technique and is 
described (86). 

The bone over the superior semicircular canal is removed 
using suction irrigation and diamond burrs. A light medial 
to lateral stroke is used until the blue line of the superior 
canal is identified. After the superior canal has been iden- 
tified, dissection proceeds along the meatal plane, which 
is the line of bone bisecting the angle subtended by the 
greater superficial petrosal nerve and the superior semicir- 
cular canal. Drilling within the confines of this plane will 
reduce the risk of inadvertent injury to the cochlea. Much 
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wider drilling may be performed medially, whereas at the 
lateral extent of the IAC there is very little space between 
the cochlea and ampulla of the superior semicircular canal. 
The burr should hug the line of the superior canal as bone 
removal progresses. The dissection will appear quite deep 
before the IAC is encountered. Bone should be removed 
180 degrees around the IAC, from the lateral aspect of the 
meatus to the porus acusticus. An eggshell thickness of 
bone should be left over the IAC. The last step in exposure 
of the canal is careful removal of this bone and copious 
irrigation to remove bone dust. 

At the most lateral extent of the IAC, the vertical crest 
or “Bill bar” is identified, with the facial nerve anteriorly 
and the superior vestibular nerve posteriorly. The dura 
of the IAC is incised in a longitudinal fashion, along the 
posterior edge, away from the facial nerve. If the facial 
nerve is lacerated, the proximal edge is freshened with 
microscissors. The nerve graft is secured proximally with 
a single 9-0 nylon suture and distally placed into the 
bony channel of the tympanic portion of the fallopian 
canal. A piece of temporalis fascia is placed over the graft. 
Bone wax is used to fill exposed air cells. A piece of tem- 
poralis muscle is placed in the bony defect, and the ped- 
icled temporalis fascia flap is reflected over the floor of 
the middle cranial fossa. The temporal lobe is released, 
compressing the fascia over the bony defect. The bone 
flap is replaced within the craniotomy window, and the 
temporalis muscle is reapproximated, leaving a gap infe- 
riorly where the temporalis fascia passes. Skin is closed 
in two layers. 

Caution is advised when performing a middle fossa 
craniotomy for facial nerve decompression in the setting 
of acute trauma. In these instances, the offending tempo- 
ral bone fracture may have not only caused injury to the 
facial nerve but also likely caused disruption of the middle 
fossa dura overlying the temporal bone, with potential 
contusion of the temporal lobe overlying these structures. 
Utmost care must be taken to avoid additional injury to 
the already disrupted middle fossa dura and contused tem- 
poral lobe during dissection, elevation, and retraction in 
this approach. 


CSF Fistulae 


CSF fistulae and the potential for meningitis are among the 
most serious of complications from temporal bone frac- 
tures. CSF fistulae occur in 17% of temporal bone fractures 
(2). CSF fistulae in otic capsule-sparing fractures typically 
occur through the floor of the middle cranial fossa (tegmen 
tympani and tegmen mastoideum) into the epitympanum, 
antrum, and mastoid air cell tract. The CSF will flow out 
the ear canal if the tympanic membrane is disrupted or 
into the eustachian tube, resulting in CSF rhinorrhea. In 
otic capsule-disrupting fractures, CSF flows from the pos- 
terior cranial fossa through the disrupted otic capsule into 
the middle ear. 
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A unique characteristic of a fracture through the otic 
capsule is the absence of healing. The otic capsule is 
adult size at birth and undergoes minimal remodeling 
throughout life (87). Following a fracture, fibrous tis- 
sue will partially fill the crevice, and the adjacent peri- 
osteal bone may seal off the fracture but the enchondral 
bone itself will not heal (19,21). This fibrous scar affords 
a potential tract for an infection of the middle ear cleft 
to spread to the intracranial space, leaving the patient at 
continued risk for meningitis even years after the initial 
injury. 

The onset of CSF leakage following trauma was delayed 
for greater than 1 week in 28% of the 192 cases surveyed 
by Lewin (88). Immediate CSF leak results from separa- 
tion of dural fibers in a traumatized region of dura adja- 
cent to a fracture site. In contrast, delayed CSF leak has 
been theorized to occur from (a) herniation of meningo- 
cele or meningoencephalocele (often termed brain fun- 
gus or fungus cerebri) into the fracture site, followed by 
delayed atrophy of the brain fungus or delayed resolution 
of elevated intracranial pressure and retraction of brain 
fungus out of the fracture site or (b) resolution of hema- 
toma previously obstructing the outflow of CSF through 
the fracture site. 

The CSF fistula will continue to leak until fibroblastic 
proliferation creates a fibrous barrier, which closes the 
subarachnoid space or the sinus or air cell mucosa cov- 
ers the bony defect (89). However, in the early stages of 
repair, the fibrous barrier is weak and the mucosal barrier 
remains fragile. If the CSF pressure gradient is greater than 
the healing tensile strength of these vulnerable barriers, the 
leak will continue. The tenuous, newly formed barrier may 
be easily ruptured by increased nasopharyngeal pressure 
or Valsalva (90). Therefore, the importance of enforcing 
relatively mundane precautions such as avoidance of nose 
blowing, avoidance of strenuous physical activity or physi- 
cal therapy, keeping head of bed elevated, and scrupulous 
bowl care and avoidance of constipation cannot be over- 
emphasized. 

A CSF fistula is suspected when clear watery drainage 
is noted in the ear canal or from the nose. Otorhinorrhea 
will often drain down the back of the throat. The rate of 
flow of the discharge will usually increase with exertion or 
leaning forward. Consequently, when evaluating a patient 
for a suspected CSF fistula, the patient is asked to lean for- 
ward with the neck flexed, collecting nasal discharge into 
a sterile container. Patients often complain of headaches, 
which are dull, continuous, and bilateral. The origin of 
aural and nasal drainage is often obscured by concurrent 
bleeding or lysis of old blood clot. Once a nasal discharge 
is suspected of being CSE it can be differentiated from 
watery rhinitis, lacrimal secretions, or serosanguinous dis- 
charge on the basis of its composition. CSF has elevated 
glucose, decreased protein, and decreased potassium than 
nasal secretions. Qualitative tests such as those utilizing 
glucose oxidase test strips (Clinitest) have been shown 
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to lack specificity and result in a substantial proportion 
of false positives (91). Quantitative glucose, protein, and 
potassium determinations are more accurate in diagnosing 
a CSF fistula. 

A noninvasive technique for identifying and localizing 
a CSF fistula using protein electrophoresis for beta-2 trans- 
ferrin was first described by Meurman (92). The beta-2 iso- 
form of transferrin, a protein involved in iron transport, is 
confined to CSE perilymph, and aqueous humor, whereas 
the beta-1 isoform is found globally in serum, nasal secre- 
tions, saliva, and tears. Nasal and otic secretions with CSF 
contamination exhibit an additional band on immunofix- 
ation electrophoresis than noncontaminated counterparts. 
In addition to being noninvasive, a major advantage of this 
technique is the small amount of fluid specimen required 
for the test: recommended specimen volume is typically 
0.5 mL, and beta-2 transferrin can be detected in sample 
specimens as small as 50 uL. False-positive results are 
rare and occur in patients with alcoholic cirrhosis, inborn 
errors of glycoprotein metabolism, or genetic transferrin 
variants, in which transferrin allelic variants with similar 
electrophoretic mobility to the beta-2 isoform are present 
in sera (93). In these cases, collection and electrophoresis 
of a concurrent serum sample—which would contain beta- 
1- as well as beta-2-like bands—can help avoid a falsely 
positive result interpretation. 

Other minimally invasive techniques for detection of 
CSF otorrhea or rhinorrhea are currently being developed, 
including detection of beta-trace protein, or prostaglandin 
D synthase (94,95). Beta-trace protein is synthesized in 
the meninges and has a 20- to 40-fold increase in concen- 
tration in CSF compared to serum. Nephelometric assays 
of beta-trace protein are being developed and show a 
specificity and sensitivity of CSF detection comparable to 
that of current beta-2 transferrin assays (96,97). A recent 
study in patients with suspected CSF leak was able to 
quantify values of beta-trace protein in nasal secretions 
at which 100% positive and negative predictive values of 
CSF leak could be obtained (98). In addition, the nephelo- 
metric technique is comparatively inexpensive and rapid, 
increasing its potential for further development and use in 
the clinical setting. 

HRCT will generally demonstrate the potential sites of 
a CSF fistula. When a fracture is seen but the exact site of 
the fistula has not been identified, CT cisternography with 
intrathecal contrast (Omnipaque) can be quite useful. 
HRCT will show a bony defect in 70% of patients with a 
CSF fistula (99). When a defect cannot be demonstrated by 
HRCT, rarely will CT cisternography or radionuclide cister- 
nography detect a site of leakage (99). Radionuclide scans 
tend to lack sensitivity and specificity. 

Intrathecal fluorescein is a sensitive and specific test 
for investigating the presence of a CSF fistula. Following 
a lumbar puncture, 0.5 mL of a 5% solution of fluorescein 
is mixed with 10 mL of the patient’s CSF and reinjected. 
Any subsequent otorrhea or rhinorrhea can be collected on 


micropledgets and examined under a Wood lamp for green 
fluorescence. Although occasional reports of neurotoxicity 
(e.g., paraparesis and grand mal seizures) following intra- 
thecal injection of fluorescein appear in the literature, these 
complications are very infrequent, occurred at higher doses 
of fluorescein than is currently recommended, and have 
never resulted in permanent damage (90,100,101). No 
persistent side effects or complications have been reported 
with the current recommended dosing. Fluorescein is fre- 
quently successful in localizing fistulas when all other 
methods have failed and can be utilized intraoperatively to 
aid in the actual repair of the fistula (101-103). Therefore, 
the continued usage of fluorescein may be justified and the 
risks of increased morbidity following failure to locate a 
CSF fistula preoperatively may outweigh the risks involved 
in its usage. 

None of the localizing techniques described above 
are useful if the CSF leak is quiescent at the time of 
investigation. 

The incidence of meningitis in patients with CSF leaks 
ranges from 2% to 88% (2,90,104-—107). The wide range in 
incidence is a result of multiple factors, the most signifi- 
cant of which is the duration of leakage (90,105,107,108). 
Mincy and Leech and Patterson compared the incidence 
of meningitis in patients with CSF leaks continuing 7 days 
or less to those persisting for more than 7 days (105,107). 
Leech and Patterson found only a 5% incidence of men- 
ingitis in patients with CSF fistulae of less than 7 days 
duration, and Mincy reported a similarly low incidence of 
meningitis in this group of 11%. The incidence of menin- 
gitis in patients with leakage for more than 7 days in Leech 
and Patterson’s series was 55% and in Mincy’s series was 
88%. Spetzler and Wilson demonstrated a 33% incidence 
of meningitis in persistent fistulae, and Grahne found 
54% of his patients with chronic CSF leakage developed 
meningitis (90,108). 

Many studies over the past 25 years have demonstrated 
no benefit of prophylactic antibiotics in temporal bone 
fractures in the absence of CSF fistulae (105,106,109-115). 
The incidence of meningitis in this group is quite low. 
Rathore pooled the data from many of these studies and 
found a 4% incidence of meningitis in patients with basi- 
lar skull fractures receiving prophylactic antibiotics and a 
3% incidence in patients not receiving prophylactic anti- 
biotics (116). Brodie and Thompson (2) demonstrated a 
1% incidence of meningitis in 578 patients with temporal 
bone fractures and no CSF fistulae. Hoff et al. (109) con- 
ducted a prospective randomized trial assigning patients 
with temporal bone fractures into a prophylactic antibiotic 
treatment group or to a no antibiotic group. None of the 
patients in either group developed meningitis. All of these 
studies conclude that prophylactic antibiotics are not indi- 
cated, given the low incidence of meningitis in temporal 
bone fractures without a CSF fistula and the lack of evi- 
dence demonstrating any benefit to prophylactic antibiot- 
ics in this situation. 
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However, the risk of meningitis is significantly higher 
in patients with temporal bone fractures when CSF fistulae 
are present. Consequently, the role of prophylactic antibi- 
otics must be examined in relation to this subset of trauma 
patients. Multiple studies over the past three decades have 
concluded that prophylactic antibiotics did not have a sta- 
tistically significant effect on the incidence of meningitis 
in patients with CSF fistulae (106,108,110,111,115,117). 
However, the number of patients included in the vari- 
ous studies was inadequate for valid statistical analysis. 
Reevaluation of the literature over the past 25 years using 
a metaanalysis revealed a statistically significant reduction 
in meningitis using prophylactic antibiotics in patients 
with CSF fistula; 320 patients were included in the analysis 
(118). The incidence of meningitis in patients with post- 
traumatic CSF fistulae treated with prophylactic antibiot- 
ics was 2.1%. In patients who did not receive prophylactic 
antibiotics, the incidence of meningitis was significantly 
higher at 8.7% (P< 0.02). Individually, none of the studies 
included in the metaanalysis demonstrated a statistically 
significant effect of prophylactic antibiotics, which points 
out the pitfall of statistical analysis with inadequate num- 
bers of patients. 

In addition to the inadequate numbers of patients in 
these prior studies, there are significant problems inher- 
ent in this type of retrospective study. How do we define 
adequate prophylaxis? Do 3 days of perioperative antibiot- 
ics for repair of a concomitant open femur fracture consti- 
tute adequate prophylaxis of a CSF fistula that persists for 
5 days? Do therapeutic antibiotics for a concurrent infec- 
tion constitute adequate prophylaxis of a CSF fistula? One 
very important risk factor increasing the risk of meningitis 
in patients with CSF fistulae is the presence of a concurrent 
infection. Brodie and Thompson (2) found a 20% inci- 
dence of meningitis in patients with concurrent infection 
and a 3% incidence of meningitis in the absence of concur- 
rent infection. In that study, in the absence of concurrent 
infection, no patients receiving prophylactic antibiotics 
developed meningitis within the first month postinjury. 

A recent metaanalysis sought to shed light on this issue 
through evaluation of four randomized control trials over 
the past 35 years (119). It concluded that prophylactic 
antibiotics did not have a statistically significant effect on 
meningitis in the population of patients with basilar skull 
fractures, either with or without CSF fistulae. These results 
must be interpreted cautiously. Over half of the included 
patients were enrolled in a study where pneumocephalus 
was part of the inclusion criteria (120). The rate of men- 
ingitis in this study was 20%, much higher than reported 
rates in the literature, indicating that this patient popula- 
tion is unlikely representative of the population of patients 
with temporal bone fractures at large. Given the current 
lack of conclusive data, confounding variables must be 
controlled in a prospective multi-institutional study to 
adequately address the question of the efficacy of prophy- 
lactic antibiotics. 
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The most common infecting organisms in meningi- 
tis occurring in the presence of a CSF fistula reported in 
the literature are Streptococcus pneumoniae followed by 
Streptococcus and Haemophilus influenzae (106,121,122). 
Fifty-seven to eighty-five percent of posttraumatic fistu- 
lae, which are treated conservatively, cease leaking within 
1 week (88,107). Since acute posttraumatic CSF fistulae 
are associated with a high probability of early spontane- 
ous closure and a low incidence of meningitis, they can 
be treated conservatively for 7 to 10 days. This treatment 
includes total bed rest with elevation of the head of the 
bed; stool softeners; instructions to avoid nose blowing, 
sneezing, and straining; and repeat lumbar punctures or 
lumbar drain if the leak persists. All of these measures are 
directed at maintaining the CSF pressure gradient below 
the healing tensile strength of the healing barrier. Due to 
the increased risk of meningitis following persistent CSF 
fistulae, surgical closure of fistulae persisting greater than 7 
to 10 days is recommended. 


Closure of CSF Fistulae 

The approach chosen to close a CSF fistula is influenced 
by many factors, including the status of hearing in the 
affected and contralateral ears, the presence of brain her- 
niation through the tegmen, and the location of the fistula. 
The treatment algorithm is presented in Figure 150.12. In 
a patient with a fracture of the otic capsule resulting in 
profound sensorineural hearing loss, obliteration of the 
mastoid and middle ear, and canal overclosure is recom- 
mended (123,124). The ear canal, tympanic membrane, 
incus and malleus, and middle ear mucosa are all excised. 
The external auditory meatus is closed in two layers, and a 
complete mastoidectomy is performed. The mucosa of the 
eustachian tube is inverted and a muscle plug is inserted. 
The incus is then inserted as well, wedging the muscle into 
place. The eustachian tube and fracture line are covered by 
temporalis fascia, and the mastoid cavity and middle ear 
are obliterated with an abdominal fat graft. 

The approach for closure of a fistula resulting from an 
otic capsule-sparing fracture is dictated by the location of 
the fracture along the floor of the middle cranial fossa, the 
presence of brain herniation, and the status of the ossicular 
chain. Fistulae, which occur laterally in the middle cranial 
fossa, are accessible through a complete mastoidectomy 
and can be repaired by sealing the mastoid cavity off from 
the epitympanum and middle ear by placing a temporalis 
fascia graft over the antrum, facial recess, and retrofacial 
air cell tracts. A second fascia graft is placed over the fistula 
and the mastoid cavity is obliterated with a fat graft. 

Fistulae, which occur more medially along the teg- 
men tympani or are associated with brain herniation, are 
addressed with a combined approach. When the temporal 
lobe herniates through the tegmen, the damaged brain is 
debrided via the transmastoid approach and the remaining 
brain and dura are elevated back up into the middle fossa 
by way of the middle fossa craniotomy. Temporalis fascia is 
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placed over the floor of the middle cranial fossa. If a bony 
defect is present in the tegmen, the craniotomy bone win- 
dow is split or thinned with a burr and placed along the 
floor of the middle cranial fossa superior to the fascia to 
prevent subsequent prolapse. A piece of gelfilm is inserted 
through the mastoid cavity and antrum and placed over the 
top of the ossicles in the epitympanum in order to avoid 
adhesions and postoperative conductive hearing loss. 

In the case of a fistula through the tegmen tympani in 
a patient with an ossicular discontinuity and the absence 
of brain herniation, the fistula can often be closed via a 
transmastoid approach alone. A tragal cartilage graft is 
inserted superior to the superior EAC wall extending to 
the tympanic portion of the facial nerve. The cartilage graft 
seals off the epitympanum and prevents herniation of tis- 
sue into the middle ear. The epitympanum is filled with a 
temporalis fascia graft. 

Additional techniques have been advocated by other 
authors. Glasscock et al. (125) have advocated an intradu- 
ral as opposed to an extradural approach for large defects, 
arguing that a better closure can be achieved intradurally. 
Kveton et al. reported on the successful closure of 13 cases 
of CSF leak using hydroxyapatite cement through a trans- 
mastoid approach, in addition to reporting successful clo- 
sure of 106 out of 109 temporal bone defects of all types 
(126,127). This approach is highly successful in closing CSF 
leaks following translabyrinthine removal of acoustic neu- 
romas, but care must be taken in traumatic CSF leaks where 
the field is much more contaminated. Placement of a for- 
eign body in a potentially contaminated wound increases 
the chance of infection. One of the other potential compli- 
cations of closure of tegmen CSF fistulae with hydroxyapa- 
tite cement is conductive hearing loss, which may occur if 
any of the cement migrates to the ossicular chain. 

There is a high risk of EAC stenosis and cholesteatoma 
formation when the ear canal is severely traumatized, as 
seen with gunshot wounds to the temporal bone (128,129). 
In this situation, the CSF fistulae are generally closed with 
resection of the EAC and tympanic membrane and oblit- 
eration of the mastoid and middle ear as described above. 
Extreme care is taken to avoid leaving any fragments of 
epithelium that may subsequently lead to cholesteatoma 
formation. All mucosa is removed and the eustachian 
tube and external meatus are closed as described above 
(Fig. 150.14). 


Hearing Loss 


Temporal bone trauma can cause a conductive hearing 
loss, sensorineural hearing loss, or mixed loss. Otic cap- 
sule-sparing fractures extend along the roof of the EAC, 
often tearing the tympanic membrane in the region of 
the notch of Rivinus. The fracture proceeds along the teg- 
men tympani and in 20% of patients disrupts the ossicu- 
lar chain (11). The most common injuries to the ossicular 
chain are subluxation of the incudostapedial joint (82%) 


and dislocation of the incus (57%) followed by fracture 
of the stapes crura (30%) (130). The majority of stapedial 
fractures do not occur in isolation but are associated with 
incus dislocations (11). Fixation of the ossicles in the epi- 
tympanum (25%) fracture of the malleus (11%) occurs less 
frequently (130). One-third of the patients will have mul- 
tiple concomitant middle ear pathology. 

The incidence pattern of ossicular injuries can be 
explained by the structural features specific to each ossicle. 
The malleus is well supported by the tensor tympani ten- 
don, the epitympanic ligaments, and the tympanic mem- 
brane, and the stapes, being the smallest and lightest bone 
in the body, is comparatively well supported by the stape- 
dius muscle tendon and annular ligament. In contrast, the 
incus is relatively heavy, situated with articulating joints 
on both ends, and is supported by only minor posterior 
and superior ligaments, thereby making it the ossicle most 
commonly involved in posttraumatic discontinuity. 

Almost universally, patients with temporal bone frac- 
tures will experience a hemotympanum with associated 
conductive hearing loss. Over a few days to few weeks 
postinjury, the middle ear will re-aerate with resolution 
of the hearing loss that was attributable to the middle ear 
fluid. Factors that increase the duration of the middle ear 
fluid include endotracheal intubation, associated craniofa- 
cial fractures, and the presence of a CSF leak. Eighty percent 
of cases of conductive hearing loss will resolve spontane- 
ously without the need for surgical intervention (131). 

Residual conductive hearing loss following resolu- 
tion of the hemotympanum and healing of the tympanic 
membrane suggests the possibilities of ossicular fracture 
or discontinuity. The indications for exploratory tym- 
panotomy and ossicular reconstruction are conductive 
hearing loss greater than 30 dB that persists for more 
than 2 months postinjury. However, if the conductive 
hearing loss is in an only hearing ear, surgery is contra- 
indicated. The audiogram in a mixed hearing loss must 
be critically assessed to establish the true potential ben- 
efit of ossicular reconstruction. If the bone conduction 
thresholds are more than 30 dB worse than in the con- 
tralateral ear, reconstruction, even with an excellent clo- 
sure of the conductive component of the hearing loss, 
will provide minimal subjective improvement. In this 
scenario, the patient would still require a hearing aid to 
attain usable hearing in the surgical ear. Consequently, 
unless the mixed loss is profound and the patient can- 
not benefit preoperatively from a hearing aid, ossicular 
reconstruction is not recommended. 

The most conducive injury for ossicular reconstruction 
is a dislocation of the incudostapedial joint. In this situa- 
tion an Applebaum hydroxyapatite or similar prosthesis is 
inserted between the long process of the incus and capitu- 
lum of the stapes, generally resulting in complete or near- 
complete closure of the air-bone gap. In some instances, 
minimal to moderate subluxation of the incus and dias- 
tasis of the incudostapedial joint can be corrected by 
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Figure 150.14 Treatment algorithm for the management of CSF fistula. 


juxtaposition of the incus long process back onto the sta- 
pes capitulum and stabilization of the joint with hydroxyl- 
apatite bone cement or even just fascia. Any ossiculoplasty 
technique in which all three ossicles can be saved in their 
native orientations has the potential for complete or near- 
complete closure of air-bone gap (Fig. 150.15). 

In contrast, cases in which the incus has been com- 
pletely dislocated from the chain require interposition 
reconstruction, as the incus body has been completely 
destabilized and cannot simply be positioned back into 
its native orientation in a stable fashion. Dislocation of 
the entire incus requires bridging the gap between the 
stapes superstructure and the manubrium of the mal- 
leus. A sculpted incus interposition graft is preferred in 
this situation, although a variety of incus strut replace- 
ment and partial ossicular replacement prostheses are 
available and suitable for this type of reconstruction. The 


incus interposition is accomplished by drilling a cup in 
the end of the lateral process of the incus that will fit over 
the capitulum of the stapes. The long process of the incus 
is removed and the body sculptured. The articular surface 
is fashioned to fit under the manubrium. If, in addition 
to the incus dislocation, the stapes superstructure is frac- 
tured, the long process of the incus is left intact and the 
body and short process sculptured. The superior surface of 
the body of the incus is fashioned to rest under the manu- 
brium and the long process sits on the footplate. A variety 
of total ossicular replacement prostheses are available for 
this purpose as well. 

A unique problem occurs when the stapes superstructure 
is fractured but the incus remains connected to the malleus. 
These patients are good candidates for a laser stapedotomy. 

The hearing results following ossicular reconstruction 
for traumatic ossicular disruption are superior to those 
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Incudostapedial subluxation and oval window 
fistula. Following trauma to the right ear and temporal bone, 
a 5-year-old boy sustained a 40-dB air-bone gap and exhib- 
ited CSF otorrhea. He was taken immediately to the OR for 
middle ear exploration. A: The stapes was dislocated inferiorly 
and incudostapedial joint subluxation was identified. B: The 
stapes was reduced superiorly to native position within the 
oval window, realigning the incudostapedial joint. The oval win- 
dow fistula was also repaired. C: The incudostapedial joint was 
further stabilized with additional fascia placed circumferentially 
around the joint. The patient had complete closure of air-bone 
gap and no sensorineural hearing loss. 


performed for chronic otitis media. Hough and Stuart 
(130) report closure of the air-bone gap to within 10 dB in 
78% of patients and complete closure in 45%. 

Otic capsule-disrupting fractures typically result in 
severe to profound sensorineural hearing loss. In addi- 
tion, bilateral temporal bone fractures can also result in 
bilateral profound sensorineural hearing loss (132). In 
addition to the risk of sensorineural hearing loss from 
temporal bone trauma, patients who sustain closed 
head injuries in general, with or without temporal bone 
fracture, are at risk of acute sensorineural hearing loss, 
which can further progress with time (133). Multiple 
pathogenic mechanisms can contribute to posttraumatic 
deafness: disruption of the membranous labyrinth, avul- 
sion or trauma to the cochlear nerve, interruption of the 
cochlear blood supply, hemorrhage into cochlea, and 
perilymphatic fistula. Another proposed mechanism is 
endolymphatic hydrops resulting from obstruction of 
the endolymphatic duct by the temporal bone fracture 
(134). Acoustic trauma associated with temporal bone 
fractures and incus dislocations frequently contributes to 


a sensorineural component to a mixed hearing loss; 50% 
of patients with traumatic incus dislocations will have 
at least 10 dB of sensorineural hearing loss as well, and 
18% will have more than 30 dB of loss (135). The sensori- 
neural injury from traumatic incus dislocation appears to 
occur in the 2 to 4 kHz range. 

High-frequency bias for cochlear acoustic injury is 
observed in traumatic injury to the ossicular chain, such 
as in cases of traumatic incus dislocation as above, as well 
as in iatrogenic vibrational injury to the ossicular chain as 
seen in cases of inadvertent drill injury to the ossicles dur- 
ing otologic surgery. This bias may be closely related to the 
phenomenon of direct acoustic injury to the cochlea seen 
in impulsive or severe noise-induced hearing loss, as both 
mechanisms involve delivery of acoustic energy through 
the oval window and cochlear basal turn. 

Patients may suffer closed head injury (CHI) that 
spares the temporal bones and otic capsules of fracture yet 
still is of significant severity to cause sensorineural hear- 
ing loss. Such injuries to the cochlea and neurosensory 
hearing mechanics is sometimes referred to as cochlear 
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concussion, when sensorineural hearing loss is clearly 
documented on postinjury audiogram in the absence of 
any fracture spanning the otic capsule or temporal bone. 
The traditional literature for concussive neurosensory 
hearing loss suggests a predilection for acoustic injury 
at higher frequencies, centered around 4 kHz (136,137). 
These older studies are limited by their small study popu- 
lations, case-study-type design, and descriptive reporting 
of results. Additionally, results often incorporated audio- 
metric findings years following traumatic injury, making 
it difficult to differentiate hearing loss resulting directly 
from concussive otic injury and that from age-related 
changes. 

A recent large-scale, prospective study by Munjal 
et al. (138) reported the pattern of audiologic deficits 
measured in 290 CHI patients in comparison with 50 
age- and gender-matched controls. The majority of these 
patients were involved in motor vehicle accidents, with 
the remainder suffering closed head injuries from falls or 
assaults. Measured hearing losses trended towards larger 
threshold differences and greater variability at higher fre- 
quencies; however, there was only a 5-dB average thresh- 
old difference between 250 Hz and 4 kHz for the most 
severe CHI patients, and there was no frequency-specific 
difference at all for mild and moderate CHI patients. In 
addition, there was a direct correlation between degree of 
threshold drop and severity of CHI. These findings indi- 
cate that in purely concussive cochlear injuries—such as 
those occurring in blunt trauma and CHI—in which there 
is no differential deposition of acoustic energy through 
the oval window, the cochlear injury is global and subse- 
quent hearing loss flat rather than high-frequency biased 
and that the magnitude of such sensorineural hearing 
loss is directly dependent on the severity of the concus- 
sive injury. 

As such, the prognosis for recovery of function in 
patients with anacusis or profound deafness as a result 
of temporal bone and cochlear trauma is extremely poor; 
however, patients with moderate to severe loss may have 
some hearing recovery (131,139). Patients who are expe- 
riencing progressive or fluctuating sensorineural hearing 
loss, suggestive of a possible underlying perilymphatic fis- 
tula, may benefit from middle ear exploration and repair 
of fistula (140). 


Cholesteatoma and External Auditory Canal 
Stenosis 


Cholesteatoma formation may occur many years after a 
temporal bone fracture (128,141). There are four patho- 
genic mechanisms responsible for posttraumatic cho- 
lesteatoma formation: (a) epithelial entrapment in the 
fracture line, (b) ingrowth of epithelium through the 
unhealed fracture line or rent in the tympanic membrane, 
(c) traumatic implantation of tympanic membrane skin 
into the middle ear, and (d) trapping of epithelium 


2429 


medial to a stenosis of the EAC. The typical location 
for cholesteatoma resulting from epithelium trapped 
within the fracture line is in the epitympanum and 
antrum. The fracture line along the posterior superior 
canal wall and scutum expands and then closes trapping 
the canal skin. As the trapped skin grows, it expands into 
the epitympanum and antrum forming a cholesteatoma. 
The ingrowth of epithelium through a displaced fracture 
line may also extend into the same region. Traumatic 
implantation of tympanic membrane skin will result in 
cholesteatoma formation within the mesotympanum. 
Blast injuries can result in displacement of keratiniz- 
ing stratified squamous epithelium into the mastoid air 
cells) mesotympanum, epitympanum, and even intra- 
cranium (142). The fourth mechanism of cholesteatoma 
formation, trapping of epithelium medial to an EAC 
stenosis, results in a canal cholesteatoma. Posttraumatic 
canal cholesteatomas are the most preventable by care- 
ful follow-up, debridement, and stenting when narrow- 
ing progresses. Early intervention with stenting at the 
onset of the stenosis can effectively prevent a problem 
that is much more difficult to address once the stenosis 
is mature. The ear canal can be dilated with the inser- 
tion of increasing numbers or sizes of merocel sponge 
packs (i.e., Pope otowick, Schindler pack, or Ambrus 
pack, in increasing caliber and dilational capacity) satu- 
rated with antibiotic solution, replaced every few days. 
Once the canal is adequately dilated, a larger merocel 
sponge is inserted to maintain the lumen. A large vented 
custom ear mold is occasionally required to maintain 
the lumen in the long term following severe canal inju- 
ries. The mold is used throughout the day for 3 to 6 
months. When the stenosis is complete and dilation is 
not possible, a canalplasty and possible tympanoplasty 
are required. A lateral stenosis of the EAC should not be 
allowed to persist, even if completely benign in appear- 
ance, because of the very high probability of cholestea- 
toma formation. 

Posttraumatic cholesteatoma involving the attic, 
antrum, or mastoid air cells will often grow for many years 
prior to detection. Until the cholesteatoma involves the 
ossicular chain with resultant conductive hearing loss, 
erodes into the labyrinth causing vertigo or sensorineu- 
ral hearing loss, compresses the facial nerve resulting in 
facial paresis, or grows into the middle ear cleft and can 
be visualized on physical examination, the growth will go 
undetected. 


Vascular Injuries 


Injuries to the intratemporal carotid artery are rare but 
potentially life-threatening complications. Fractures that 
traverse the temporal bone adjacent to the carotid artery 
tend to involve the softer fibrocartilage of the foramen 
lacerum rather than the stouter, more dense bone of the 
carotid canal. Bloody otorrhea is a common presentation 
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in temporal bone fractures, and the ear canal is not usu- 
ally packed initially unless significant hemorrhage is pres- 
ent and must be controlled. In such cases, injury to the 
petrous portion of the carotid artery should be suspected 
and the patient taken immediately to either the operating 
room for carotid ligation or the angiography suite for bal- 
loon occlusion. 

CT angiography or MR angiography is indicated in 
patients with focal transient or persistent neurologic defi- 
cits. In patients with significant hemorrhage from the 
ear or nose or with rapid neurologic deterioration, tradi- 
tional interventional angiography is indicated for confir- 
mation of carotid injury as well as immediate therapeutic 
intervention if necessary. 


m The majority of temporal bone fractures are incurred 
in auto accidents; multiple concurrent injuries are 
the rule and must be evaluated. 

m The new classification system of temporal bone frac- 
ture emphasizes functional outcome: otic capsule- 
sparing versus otic capsule—disrupting injuries. 

m= The most common complications of temporal bone 
fractures are facial nerve injury, CSF leak, hearing 
loss, vertigo, cholesteatoma formation, and ear 
canal stenosis. 

m Assessment of facial nerve function as soon as pos- 
sible facilitates clinical decision making. 

= Delayed-onset facial paralysis merits steroid admin- 
istration and observation. 

= Immediate-onset facial paralysis requires assess- 
ment of nerve stimulability. If the nerve will stimu- 
late, observation is recommended. If the nerve will 
not stimulate, the nerve should be explored. 

m The use of prophylactic antibiotics for temporal bone 
fractures is not indicated. The use of prophylactic 
antibiotics in the setting of CSF leak is controversial. 

= Most posttraumatic CSF leaks close spontaneously. 
Surgical closure is required for persistent fistula. 
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Cholesteatoma 


Ted A. Meyer 


Cholesteatomas are expansile lesions of the temporal bone 
lined by stratified squamous epithelium that contain des- 
quamated keratin. Some cholesteatomas are invaginated 
pouches that can develop from retraction pockets, while 
others are completely enclosed cysts. They most frequently 
involve the middle ear and mastoid, but they may develop 
anywhere within the pneumatized portions of the temporal 
bone. They may be congenital (infrequently) or acquired. 

The accumulation of keratin may cause infection, otor- 
rhea, bone destruction, hearing loss, facial nerve paralysis, 
a labyrinthine fistula, and intracranial complications such 
as epidural and subdural abscesses, parenchymal brain 
abscesses, meningitis, and thrombophlebitis of the dural 
venous sinuses. 

Cholesteatoma is a misnomer originally coined by 
Johannes Mueller in 1838 when he described “layered 
pearly tumor of fat, which was distinguished from other fat 
tumors by the biliary fat or cholesterin that is interspersed 
among the sheets of polyhedral cells” (1). Cholesteatomas 
do not contain fat, and they do not usually contain cho- 
lesterin. Nevertheless, the term remains, despite a more 
appropriate term suggested by Schuknecht: keratoma. 

The matrix of a cholesteatoma is composed of fully dif- 
ferentiated squamous epithelium resting on connective 
tissue. The deeper layers of the epithelium of a choleste- 
atoma matrix show activity in the form of downgrowths 
into the underlying connective tissue. Cholesteatomas 
have a layer of granulation tissue in contact with bone. This 
layer of granulation tissue elaborates various enzymes such 
as collagenase resulting in bone destruction. 

Cholesteatomas are recidivistic by nature. The condi- 
tions or processes through which they develop are often 
present throughout a patient’s life. Eustachian tube dis- 
ease, with negative middle ear pressures, and a retracted 
eardrum are usually seen in patients with primary acquired 
cholesteatomas, and this can continue even with the com- 
plete surgical removal of a cholesteatoma. The function of 
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the eustachian tube does not necessarily ever improve, and 
the patient is at risk for further cholesteatoma. If cholestea- 
toma is left behind surgically, either planned or unknow- 
ingly, this is considered residual disease. After being 
completely removed, if cholesteatoma forms again, this is 
considered a recurrence. 


Congenital cholesteatoma is defined by Derlacki and 
Clemis (2) as an embryonic rest of epithelial tissue in the 
ear without tympanic membrane perforation and with- 
out a history of ear infection. Levenson et al. (3,4) have 
modified the definition of a congenital cholesteatoma to 
include a normal pars flaccida and pars tensa, no history 
of prior otorrhea, and no history of prior otologic proce- 
dures. Prior episodes of otitis media without otorrhea are 
not criteria for excluding congenital origin. Two-thirds of 
the middle ear congenital cholesteatomas are seen as a 
white mass in the anterior-superior quadrant (Fig. 151.1). 
They may also be found within the tympanic membrane 
and in the petrous apex. The mean age at presentation for 
a congenital middle ear cholesteatoma is 4.5 years, with a 
male-to-female preponderance of 3:1 (4). 

The pathogenesis of congenital cholesteatomas is 
incompletely understood. In a review of the development 
of the epibranchial organs, Teed (5) noted an ectodermal 
epithelial thickening that developed in proximity of the 
geniculate ganglion, medial to the neck of the malleus. 
This mass of epithelial cells soon undergoes involution 
to become mature middle ear lining. Teed believed that 
if involution failed to take place, this formation could be 
the source of a congenital cholesteatoma. In pursuit of this 
theory, Michaels (6,7) undertook a review of fetal human 
temporal bones and identified a squamous cell tuft present 
from 10 to 33 weeks of gestation in 37 of 68 specimens 
studied. He termed this structure the epidermoid formation 
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Figure 151.1 Congenital cholesteatoma of the anterior—superior 
quadrant. Al, anterior inferior; AS, anterior superior; Pl, posterior 
inferior; PS, posterior superior. 


and noted it to be located in the anterosuperior wall of 
the developing middle ear cleft. Failure of the epidermoid 
formation to involute could be the basis for the develop- 
ment of cholesteatomas in the anterior mesotympanum 
(8-10). Other investigators implicate ectodermal migra- 
tion or even metaplasia of the middle ear mucosa in the 
pathogenesis of congenital cholesteatomas (11,12). 

To further complicate the understanding of the develop- 
ment and pathogenesis of congenital cholesteatomas, they 
have been described as developing in or isolated to the 
mastoid (13,14). Staging systems and management strate- 
gies have been developed by several groups (15-17), with 
staged surgical procedures recommended for the more 
complicated or higher-stage lesions. 


ACQUIRED CHOLESTEATOMA 


Acquired middle ear cholesteatomas come in two varieties: 
primary or retraction pocket cholesteatoma and secondary 
cholesteatoma. Cholesteatomas that arise from retraction 
pockets are known as primary acquired cholesteatomas on 
the basis that infection has not given rise to the cholestea- 
toma. Several theories have been advanced to explain the 
formation of primary acquired or attic retraction choles- 
teatomas, including invagination of the pars flaccida, basal 
cell hyperplasia, otitis media with effusion, and perforation 
of the pars flaccida membrane with epithelial ingrowth 


PATHOGENESIS OF 
uty FE) CHOLESTEATOMAS 


Primary acquired cholesteatomas 
Invagination theory 
Basal cell hyperplasia theory 
Otitis media with effusion theory 
Epithelial invasion theory 


Secondary acquired cholesteatomas 
Implantation theory 
Metaplasia theory 
Epithelial invasion theory 


(Table 151.1). Patients with cleft palates are particularly 
prone to the development of primary acquired attic 
cholesteatomas (18-22). 

The invagination theory is supported by the observa- 
tions of Aschoff in 1897 and Wittmaack in 1933 (23). 
They proposed that an infantile sterile otitis media neo- 
natorum or nonbacterial otitis media develops soon after 
birth. Before it has had time to resorb, a permanent fibrosis 
and thickening of the embryonic subepithelial tympanic 
connective tissue occurs resulting in blockage of the attic 
causing a localized negative pressure with retraction of 
the pars flaccida. The fibrosis and thickening in the attic 
blocks the normal process of pneumatization of the epi- 
tympanum and antrum and decreases the pneumatization 
of the mastoid process and petrous portions of the tempo- 
ral bone throughout the patient’s life. This small dimple- 
like retraction of the pars flaccida that cannot be reduced 
by inflation of the eustachian tube is the first stage in the 
development of an attic cholesteatoma. 

A second method by which a small retraction pocket 
may develop is from long-standing otitis media with 
effusion (Fig. 151.2). Bluestone and Klein (18) demon- 
strated that in children with attic retractions, the eusta- 
chian tube constricts rather than dilates with swallowing. 
This results in impaired ventilation of the middle ear and 
mastoid air cell system and fluctuating or sustained high 
negative middle ear pressures. Negative middle ear pres- 
sure caused by eustachian tube dysfunction can result in 
retraction of the pars flaccida and collection of desqua- 
mated debris. 

Like primary acquired cholesteatomas, several patho- 
genic mechanisms may contribute to the formation of 
secondary acquired cholesteatomas (Table 151.1). The 
implantation theory, the metaplasia theory, and the epi- 
thelial invasion theory have all been advanced as possible 
mechanisms involved in cholesteatoma formation. The 
implantation theory describes the formation of a cho- 
lesteatoma by the iatrogenic implantation of skin into 
the middle ear or eardrum as a result of surgery, a for- 
eign body, trauma, or a blast injury. Cholesteatomas may 
develop secondary to a myringotomy for ventilating tube 
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Figure 151.2 Evolution of an attic cholesteatoma. 


placement or a tympanoplasty procedure. They occur as 
a result of epithelial migration or displacement through 
the myringotomy or from the displacement of a flap of the 
tympanic membrane into the middle ear at the time of a 
tympanoplasty. Secondary acquired cholesteatomas are 
also thought to arise from a perforation as a result of acute 
necrotic otitis media in childhood (24). 

The metaplasia theory describes the transformation of 
columnar epithelium to keratinized stratified squamous 
epithelium secondary to chronic or recurrent otitis media. 
Support for this theory comes from changes that occur in 
the bronchi in the face of chronic irritation and infection. 
However, metaplasia is not thought to be a significant cause 


of cholesteatoma in humans (25). The epithelial invasion 
theory involves the invasion of the middle ear by skin 
from the meatal wall of the outer drum surface through 
a marginal perforation or an attic perforation (26). This 
is supported by experimental evidence demonstrating that 
epithelial cells migrate along a surface until they encounter 
another epithelial surface, at which point they stop migrat- 
ing; this is known as contact inhibition. If the middle ear 
mucosa were destroyed by infection, then this would allow 
for epithelial migration from a marginal perforation. This 
is the generally accepted theory for the formation of sec- 
ondary acquired cholesteatomas of the posterior—-superior 
tympanic membrane. 
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Cholesteatoma may also arise in the external audi- 
tory canal (27-31) often after trauma from repeated direct 
manipulation. Like cholesteatoma in the middle ear, epithe- 
lial migration is disrupted in external auditory canal (EAC) 
cholesteatoma. Patients present with otorrhea, otalgia, bony 
destruction, and trapped squamous debris, and some have 
hearing loss. Some EAC cholesteatomas have similar charac- 
teristics as keratosis obturans, but in general, surgical removal 
is the treatment modality of choice for EAC cholesteatoma, 
where patients with keratosis obturans can usually be man- 
aged by frequent office cleanings and topical therapy (32). 

A unique feature that cholesteatoma and tympanic 
membrane epithelium have in common is migration. No 
other epithelium tested, including skin, vocal cord, and 
oral epithelium, has shown the locomotion present with 
tympanic membrane epithelium and cholesteatoma (33). 
Once a retraction pocket develops, the epithelial migratory 
pattern is altered and keratin accumulates. This is the sec- 
ond stage in the development of a cholesteatoma. The sac 
slowly enlarges by accumulation of keratin and other debris 
until the walls of the attic are reached. Once this point is 
reached, bone resorption occurs. Three factors appear to be 
involved in the process of bony resorption: (a) mechanical, 
related to pressure generated by the expansion of cholestea- 
toma as it accumulates increasing amounts of keratin and 
purulent debris (34-36); (b) biochemical, due to bacterial 
elements (endotoxins), products of the host’s granulation 
tissue (collagenase, acid hydrolases), and substances related 
to the cholesteatoma itself (growth factors, cytokines) (37- 
49); and (c) cellular, predominantly induced by osteoclastic 
activity (50-53). It is likely that bone destruction in cho- 
lesteatoma results from a combination of these factors, but 
clarification is needed regarding their specific roles. 

Multinucleated osteoclasts within the subepithelial 
matrix of a cholesteatoma release acid phosphatase, col- 
lagenase, and other proteolytic enzymes that resorb the 
bone products. The osteoclasts may be further activated 
by infection, pressure, and Langerhans cells through an 
immune mechanism. Cholesteatoma debris is a favorite 
culture medium for bacteria from the external meatus, 
including staphylococci, Pseudomonas aeruginosa, Proteus, 
Enterobacter, aerobic and anaerobic nonhemolytic strepto- 
cocci, diphtheroid bacilli, and Aspergillus molds. When the 
cholesteatoma becomes infected from water contamina- 
tion, a foul-smelling discharge ensues. An active infected 
cholesteatoma will resorb bone at a faster rate. 

The ability of cholesteatomas to erode bone is what 
makes them particularly dangerous (Fig. 151.3). Their 
expansion is dictated by space available, their migratory 
tendency, and their internal desquamation. Pressure alone 
may cause bone resorption to take place. 


SURGICAL ANATOMY 


Cholesteatomas are channeled along characteristic path- 
ways by ligaments and folds. During the third to fifth fetal 
months, endothelial-lined sacs develop from evaginations of 


Figure 151.3 Infected cholesteatoma of the attic eroding the 
scutum (arrow). 


the first brachial pouch to form the tympanic cavity mucosal 
folds and ossicular suspensory ligaments. These sacs contact 
each other, defining the various pouches, spaces, and com- 
partments that divide the middle ear (Fig. 151.4). 

The most common locations of origin of cholestea- 
tomas in decreasing frequency are the posterior epitym- 
panum, the posterior mesotympanum, and the anterior 
epitympanum (54). Epitympanum cholesteatomas origi- 
nate in a shallow pocket that lies between the pars flaccida 
of the tympanic membrane and the neck of the malleus. 
This pouch, known as Prussak space, has as its floor the 
lateral process of the malleus and its associated mucosal 
folds lying in the horizontal plane. Cholesteatomas most 
commonly exit Prussak space by the posterior route: the 
cholesteatoma penetrates the superior incudal space lateral 
to the body of the incus. From there, it traverses the aditus 
ad antrum to enter the mastoid (Fig. 151.5). The choles- 
teatoma may reach the middle ear by descending through 
the floor of Prussak space into the posterior space of von 
Troeltsch, a pouch lying between the tympanic membrane 
and the posterior mallear fold, the inferior edge of which 
contains the chorda tympani nerve (Fig. 151.4). This pouch 
contains a medial, superior, and lateral wall but is open to 
the mesotympanum inferiorly toward the posterior meso- 
tympanum. Cholesteatomas in this region may involve the 
stapes, round window, sinus tympani, and facial recess. 

The second most common site of origin of cholesteato- 
mas is the posterior mesotympanum (Fig. 151.6). The pars 
tensa retracts into the mesotympanum to form a cholestea- 
toma sac that passes medial to the malleus and the incus. 
Cholesteatomas in this region invade the sinus tympani 


Figure 151.4 Spaces and pouches on the middle ear defined by 
various ligaments and folds. 1, posterior mallear fold; 2, posterior 
tympanic stria; 3, lateral mallear fold; 4, anterior tympanic mem- 
brane stria; 5, malleus (short process); 6, tensor fold; 7, superior 
mallear fold; 8, superior incudal fold; 9, lateral incudal fold; 10, 
anterior epitympanic space; 11, anterior mallear ligament; 12, 
postincudal ligament; 13, Prussak space; 14, anterior pouch (VT); 
15, posterior pouch of von Troeltsch. 


and facial recess. The sinus tympani lies between the facial 
nerve and the medial wall of the mesotympanum. The 
facial recess is bounded by the fossa incudis and the facial 
nerve posteriorly and the chorda tympani nerve anteriorly. 
Both areas are difficult to access surgically (Fig. 151.7) and 
are common sites of residual cholesteatoma. 

Anterior epitympanic cholesteatomas develop as a retrac- 
tion pocket anterior to the malleus head. The anterior epi- 
tympanic space or supratubal recess is limited anteriorly 
by the middle cranial fossa, the petrous tip, and the root 
of the zygoma; posteriorly by a bony ridge, termed the cog, 
extending to the cochleariform process; superiorly by the 
middle cranial fossa; and laterally by the tympanic bone and 
chorda tympani nerve. The floor of the anterior epitympa- 
num is intimately associated with the horizontal portion of 
the facial nerve. Cholesteatomas in this region can therefore 
cause a facial paresis or paralysis (55). Anterior epitympanic 
cholesteatomas extend to the supratubal recess of the middle 
ear via the anterior pouch of von Troeltsch, a shallow pouch 
lying between the tympanic membrane and the anterior 
mallear fold (Fig. 151.8). If the area anterior to the malleus 
head is not explored thoroughly during tympanomastoidec- 
tomy, cholesteatomas in this region can be overlooked. 
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Figure 151.5 Posterior epitympanic cholesteatoma passing 
through the superior incudal space and the aditus ad antrum. 


PREVENTION 


A retraction pocket secondary to eustachian tube dysfunc- 
tion precedes the development of acquired cholesteatoma. 
It is good practice to aggressively manage such retraction 
pockets. A tympanostomy tube should be inserted early in 
an effort to resolve the negative middle ear pressure and 
to return the tympanic membrane to a neutral position 
(Fig. 151.9). However, many retraction pockets persist after 
tube placement. If the retraction pocket adheres to the ossi- 
cles or surrounding structures, it will not reverse. Similarly, 
if the tympanic membrane has been retracted for a long 
time and loses all its elasticity, it will not revert to a nor- 
mal appearance. Tube placement is best done under gen- 
eral anesthesia, where the retraction pocket may be seen 
to distend as the patient is masked with positive-pressure 
ventilation. A T-tube or some other long-term ventilation 
tube is often necessary. If the retraction pocket does not 
distend with positive-pressure ventilation, then it should 
be examined carefully to determine the extent and depth 
of the pocket. Mirror examination or the use of a 90-degree 
telescope may be used to see hidden borders of the pocket. 
Most retraction pockets extend into the epitympanum or 
sinus tympani. If the pocket persists despite tympanos- 
tomy tube placement, then surgical exploration may be 
indicated. 
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Figure 151.6 Posterior mesotympanic cholesteatoma invading the sinus tympani and facial recess. 


PREOPERATIVE EVALUATION 


The presence of a cholesteatoma usually requires surgical 
management unless advanced age or poor health prohibits 
an operation. However, an elderly patient, with a choles- 
teatoma that is not infected, and is easily accessible with 
a microscope in the clinic, can often be managed by serial 
debridement. Both congenital and acquired cholesteato- 
mas are asymptomatic during early development. Careful 
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Figure 151.7 Posterior mesotympanic cho- 


lesteatoma involving the facial recess and sinus 
tympani. VII, facial nerve. 


questioning of a patient with a middle ear cholesteatoma 
often reveals many years of subtle ear symptoms, begin- 
ning with a progressive hearing loss (usually unilateral). 
Unilateral hearing loss may be ignored until the cholestea- 
toma becomes infected secondary to water contamination 
or an upper respiratory infection, producing a foul-smelling 
otorrhea. When an infected cholesteatoma is present or 
there is bone destruction, the purulent discharge tends to be 
thick, scanty, and fetid. An occasional patient will ignore the 


Figure 151.8 Anterior epitympanic cholesteatoma (arrow) with 
extension to the geniculate ganglion. 


disease until impending complications develop, heralded 
by the onset of pain, bloody otorrhea, vertigo, headache, 
facial paresis, or the appearance of a polyp at the meatus. 
The microscopic examination of the ear is the most 
important diagnostic maneuver in evaluating the pres- 
ence of a cholesteatoma. The ear must first be meticu- 
lously cleaned with cotton-tipped applicators or suction. 
Acquired cholesteatomas will be noted in the attic or 
Shrapnell area and in the posterior-superior region, where 
they are usually associated with erosion of the bony canal. 
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Granulation tissue may arise from the diseased bone of the 
outer attic wall or scutum or from the posterior bony wall 
of the external auditory meatus, where it overhangs the 
facial recess. A polyp consisting of a mass of edematous 
granulation tissue may protrude through an attic defect. 
The polyp may continue to enlarge and in fact may extrude 
through the meatus. If the disease is very extensive, the 
entire attic and mastoid antrum will be filled with granula- 
tion tissue, and the underlying bone will become necrotic 
and friable over a wide area. General anesthesia may be 
required in children to perform an adequate examination. 
Pneumatic otoscopy should be performed in every patient 
with a cholesteatoma. A positive fistula response character- 
ized by vertigo and nystagmus is very suggestive of erosion 
into the inner ear, especially the horizontal semicircular 
canal or less commonly the cochlea. Infected cholestea- 
tomas characterized by fetid, foul-smelling otorrhea and 
cholesteatomas associated with polyps should be initially 
managed medically. Dry ears are much easier to operate on 
than wet, infected ears. While it is not always possible to 
dry a chronically infected ear with medical therapy, making 
an effort to calm down active purulence or drainage might 
make surgery easier. Polyps can be removed with great 
care in the clinic with microscopic visualization by using a 
snare, suction, or small cup forceps, or they may be cauter- 
ized. However, polyps should never be aggressively pulled 
out by grasping them because they may be connected to 
an important underlying structure such as an ossicle or the 
facial nerve. A vasoconstricting agent applied to a wick will 
control bleeding. An attic cholesteatoma may be obscured 
by a crust that looks like cerumen. Removing the crust 
reveals a whitish keratin mass typical of a cholesteatoma. 
Granulation tissue can be revealed under the crust as well. 


Figure 151.9 A: Reversal of a pos- 
terosuperior retraction pocket with a 
tympanostomy tube. B: Persistence of a 
retraction pocket despite tympanostomy 
tube placement. 
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Weber and Rinne tests using a 512-Hz tuning fork 
should be performed and correlated with the audiogram. 
Preoperative and postoperative audiometric evaluations 
are essential and should include air and bone thresh- 
olds, speech reception threshold, and word recognition. 
A conductive deficit in excess of 35 dB indicates ossicu- 
lar discontinuity, usually secondary to destruction of the 
long process of the incus or the capitulum of the stapes. 
Alternatively, only a mild conductive hearing loss may be 
present despite incus erosion if sound is passing through 
the cholesteatoma directly to the stapes. 

The surgical preparation of the patient with an infected 
cholesteatoma begins with a topical antibiotic drop. Oral 
quinolones such as ciprofloxacin and levofloxacin are 
effective with P. aeruginosa but are often unnecessary. For 
medical therapy to be effective, aural toilet is essential. 
Irrigating the ear with half-strength white vinegar can be 
effective in controlling infection. 

Successful surgical management of cholesteatoma 
includes exteriorization and removal of all trapped kera- 
tinizing epithelium. The goals of surgery should be care- 
fully reviewed with the patient preoperatively. The primary 
objectives of surgery are a safe, dry ear, with hearing 
improvement a secondary goal. Specific goals include the 
following (Table 151.2): 


1. Treating complications that have already supervened 
(extradural abscess, brain abscess, facial nerve palsy, 
and labyrinthitis) 

2. Removing diseased bone, mucosa, granulation pol- 

yps, and cholesteatoma to allow drainage and prevent 

extension of disease to vital structures 

Stopping the discharge permanently 

4. Preserving as much normal anatomy as possible (e.g., 
posterior canal wall) 

5. Preserving or improving hearing 


oe 


Patients should be carefully counseled about the possi- 
ble adverse outcomes of surgery: facial paralysis, dysgeusia, 
vertigo, further hearing loss, tinnitus, recurrent and residual 
cholesteatoma, cerebrospinal fluid (CSF) leak, and menin- 
gitis. The chronic nature of the disease and the need for pro- 
longed follow-up should be stressed. If a mastoid cavity is 
created, water precautions and the possible need for cavity 
debridement every 6 to 12 months must be mentioned. The 
need for second-stage procedures for residual cholesteatoma 
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Treat complications 
Remove diseased tissue 
Obtain a dry “safe” ear 
Preserve normal anatomy 
Improve hearing 


or ossicular chain reconstruction should be discussed with 
the patient and performed when appropriate. 

Thin-section (1-mm) computed tomography (CT) scans 
without contrast, taken in the coronal and axial projections, 
are often of value in the preoperative assessment of choles- 
teatomas. It must be emphasized that routine CT scanning 
is not advocated for cholesteatoma diagnosis, although sev- 
eral alterations of temporal bone anatomy frequently are 
associated with it. Among these, erosion of the scutum and 
expansion of the antrum within areas of air cell breakdown 
and soft tissue density are characteristic. Other features may 
include ossicular destruction, erosion of the facial canal, 
mastoid tegmen dehiscence, and erosion into the otic cap- 
sule, especially over the horizontal semicircular canal. CT 
scanning is important in complicated disease and in the 
evaluation of cholesteatomas and other masses behind an 
intact tympanic membrane or when the clinical history cor- 
relates poorly with physical findings. For example, a CT is 
usually obtained before surgery when the patient has facial 
nerve dysfunction, vertigo, or unanticipated degrees of sen- 
sorineural hearing loss. Some surgeons also obtain a CT 
scan when discharge persists despite medical therapy and 
before revision surgery to anticipate altered anatomy. 


SURGICAL MANAGEMENT 


Repair of the tympanic membrane is termed a tympano- 
plasty, and this is required in most patients with choles- 
teatoma. The advent of the operating microscope greatly 
facilitated surgery of the tympanum. Cholesteatoma limited 
to the middle ear can be managed with a tympanoplasty. 
The status of the ossicular chain must be meticulously eval- 
uated and the extent of the cholesteatoma determined. At 
times, the cholesteatoma can be removed without disrupting 
the ossicular chain. If the lateral chain, malleus and incus, 
are significantly involved with cholesteatoma, the surgeon 
should consider separating the incus from the stapes and 
remove the incus. With cholesteatoma medial to the head 
of the malleus, the surgeon should also consider removing 
the head of the malleus. Cholesteatoma that is adherent 
to the stapes can be meticulously removed with microin- 
strumentation. Many surgeons at this point use a laser to 
remove cholesteatoma from a mobile stapes. With extensive 
granulation tissue, significant bleeding, or an exposed facial 
nerve in the tympanic segment near the stapes, the surgeon 
should consider leaving some cholesteatoma on the sta- 
pes and attempt to remove it at a second look procedure. 
In addition, cholesteatoma can be difficult to remove from 
the sinus tympani or from the facial nerve, and the surgeon 
should evaluate these areas closely at a second procedure. 
Surgical treatment of the mastoid in patients with cho- 
lesteatoma has gradually evolved. Before the development 
of the surgical microscope and the high-speed drill, signifi- 
cant morbidity, including facial paralysis, profound senso- 
rineural hearing loss, and dural tears, attended surgery of 
the temporal bone. Understandably, otologic surgeons of 


that day were reluctant to pursue complete removal of cho- 
lesteatomas, so a philosophy of exteriorization of choleste- 
atomas without complete removal emerged. These mastoid 
cavities, or bowls, led to progressive hearing loss and chron- 
ically draining ears, requiring constant supervision. 

To avoid cavity problems altogether, the canal-wall-up 
(CWU) facial recess approach was developed. The pos- 
terior canal wall was preserved at all costs. A second stage 
was planned in 6 to 18 months for removal of residual dis- 
ease and reconstruction of the ossicular chain. Experience 
with this philosophy over the past 20 years has resulted in 
a rethinking of this position by many prominent otologists. 
A high rate of recidivism approaching 36% in some series 
(56-62) has resulted in a more individualized approach. 
Instead of using the same procedure on every ear with 
cholesteatoma, the procedure is adapted to the extent of 
disease. The specific operation is determined by local ear 
factors, general medical factors, and the skill of the surgeon. 
The local ear factors include the extent of the cholesteatoma, 
presence of a fistula, clinical assessment of eustachian tube 
function, degree of mastoid pneumatization, and the degree 
of sensorineural hearing loss in both ears. General factors 
include the patient’s general medical condition, occupation, 
and reliability (Table 151.3). The CWU procedure involves 
preserving the posterior canal wall with or without a pos- 
terior tympanotomy (facial recess approach). The posterior 
tympanotomy is performed through a triangle bounded by 
the fossa incudis, facial nerve, and chorda tympani nerve. 
The CWU procedure is indicated in patients with a well- 
pneumatized mastoid and middle ear space. Relative con- 
traindications to the CWU procedure include a sclerotic 
mastoid, a labyrinthine fistula, an only hearing ear, and 
poor eustachian tube function (63-67). The choice of surgi- 
cal procedure is highly dependent on the status of the oppo- 
site ear. Patients with bilateral cholesteatomas are at high 
risk of recurrence or recidivistic disease, and some surgeons 
consider a canal-wall-down (CWD) procedure more readily. 

The CWD mastoidectomy involves taking down the poste- 
rior canal wall to the vertical facial nerve and marsupializing 


DETERMINANTS OF OPERATIVE 
aye) TECHNIQUE FOR CHOLESTEATOMA 


Local factors 
Presence of a fistula 
Extent of disease 
Eustachian tube function 


Mastoid pneumatization 
Hearing status of both ears 
General factors 
General medical condition 
Occupation 
Reliability 
Skill and experience of the surgeon 
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the mastoid into the external ear canal. In a CWD proce- 
dure, all accessible air cells are meticulously exenterated. 
CWD procedures can be divided into those in which the 
middle ear space is preserved (modified radical mastoidec- 
tomy) and those in which the middle ear space is eliminated 
and the eustachian tube plugged (radical mastoidectomy). 
A patient with an extensive cholesteatoma might have a 
large attic defect and a significant portion of the posterior 
canal wall destroyed from disease. Removal of disease might 
necessitate a further defect in the posterior ear canal. At this 
point, the surgeon most likely has removed the incus rem- 
nant and the head of the malleus. If reconstruction of the 
posterior canal is not possible or appropriate, then the sur- 
geon should drill down the posterior ear canal wall to the 
level of the facial nerve. If it is appropriate to repair the tym- 
panic membrane and create a middle ear space, this would 
be termed a tympanoplasty with mastoidectomy, or a modi- 
fied radical mastoidectomy. If it is not appropriate to repair 
the tympanic membrane, then the eustachian tube can be 
closed off creating a radical mastoid cavity. At this point in 
time, a radical mastoidectomy is an uncommon procedure 
for the majority of otologists. 

A more limited procedure is the atticotomy, which 
involves the removal of the lateral wall of the epitympanum 
(scutum) to the limits of the cholesteatoma. The atticotomy 
defect allows for relatively easy cleaning of a narrow epitym- 
panic defect. However, to prevent recurrent cholesteatoma, 
the atticotomy defect can be blocked with cartilage; this is 
a variant of a canal-wall-up or canal-wall reconstruction 
procedure. A more extensive attic cholesteatoma that is lat- 
eral to the ossicles and accompanied by a sclerotic mastoid 
may be managed with a Bondy procedure. This involves the 
removal of the scutum and portion of the posterior canal 
wall with preservation of the ossicles and middle ear space. 
The bony defect is not reconstructed; rather, the cholestea- 
toma matrix is exteriorized. A patient with a cholesteatoma 
and poor eustachian tube function as evidenced by absence 
of middle ear aeration and a sclerotic mastoid should be 
considered for a CWD procedure (Table 151.4). 


SURGICAL APPROACHES 
uty) TO CHOLESTEATOMA 


CWU 
Complete mastoidectomy 
Facial recess approach 


CWD 
Modified radical mastoidectomy 
Radical mastoidectomy 
Other 
Atticotomy 
Bondy procedure 
CWR 
Mastoid obliteration 
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Numerous variations of a canal-wall reconstruction 
(CWR) with or without mastoid obliteration procedures 
have recently been developed to improve exposure and 
removal of cholesteatoma as in a CWD approach while 
retaining the benefits of an intact canal wall (improved 
hearing and avoidance of the bowl cavity) (68-83). In these 
procedures, a complete mastoidectomy including a facial 
recess is performed and the posterior canal is removed. The 
cholesteatoma, the ossicles, and the tympanic membrane 
are addressed, and the posterior canal wall is replaced. 
Some surgeons opt to fill the mastoid cavity with bone 
pate or hydroxyapatite, whereas others leave it open as ina 
CWU procedure. These techniques have even been used to 
“repair” radical mastoid cavities. See Chapter 152 fora more 
complete description of surgical approaches to the mastoid. 

With high rates of recurrence or recidivistic disease, 
especially with CWU or CWR procedures, monitoring the 
mastoid for cholesteatoma has become extremely impor- 
tant. If cholesteatoma is left behind in the mastoid cavity, 
or trapped underneath a mastoid obliteration, intracranial 
or vascular complications can occur even many years after 
the initial procedure. The advent of diffusion-weighted 
MRI scans have given the otologic surgeon a noninvasive 
mechanism to evaluate a patient’s mastoid for recidivistic 
cholesteatoma with fairly high accuracy (84-86). 


COMPLICATIONS AND EMERGENCIES 


As cholesteatomas expand and become infected, they cause 
ossicular chain destruction, exposure of the membranous 
labyrinth, tegmen dehiscence, exposure of the facial nerve, 
erosion into the temporomandibular joint, extratempo- 
ral spread, and infection of the mastoid and intracranial 
spaces (Table 151.5). See Figure 151.10 for examples of 
complications from cholesteatoma. 


Hearing Loss 


Some degree of ossicular chain erosion occurs in most 
cases of cholesteatoma. Attic cholesteatomas involve the 
head of the malleus and body of the incus early. As the 
cholesteatoma expands inferiorly, the lenticular process 
of the incus and the stapes superstructure are eroded. 


COMPLICATIONS 

TABLE 

151.5 Co Ei AND EMERGENCIES 
aa CHOLESTEATOMA 


Conductive and sensorineural hearing loss 
Labyrinthine fistula 

Vertigo 

Facial paralysis 

Extratemporal cholesteatoma 

Erosion into temporomandibular joint 
Intratemporal infection 

Intracranial infection 

Brain herniation 


Pars tensa cholesteatomas that develop from a posterior— 
superior retraction pocket also involve the lenticular pro- 
cess of the incus and the stapes superstructure. When both 
of these bones are involved, the hearing loss can be as great 
as 50 dB. However, if a natural myringostapediopexy devel- 
ops, then loss may be as little as 20 dB. One should always 
assume that the ossicular chain is intact in a patient with 
a cholesteatoma. Cholesteatoma on the lateral surface of 
the incus can be removed using microsurgical ear instru- 
ments without disturbing the ossicular chain. Involvement 
of the medial surface of the incus often requires removal 
of the incus by first separating the incudostapedial joint, 
then the incudomalleolar joint. Cholesteatoma extending 
medial to the head of the malleus into the anterior epi- 
tympanic space (or supratubal recess) usually requires 
removal of the incus and the head of the malleus. Removal 
of cholesteatoma from the stapes should be done last by 
dissecting parallel with the stapedius tendon in a posterior 
to anterior direction to avoid dislocating the footplate and 
causing sensorineural hearing loss. One should avoid supe- 
rior or inferior movement as well as depression of the sta- 
pes. The tympanic membrane is grafted to seal the middle 
ear, and Silastic sheeting is placed over the promontory to 
prevent adhesions. A second-stage procedure is performed 
in 6 to 18 months to remove residual cholesteatoma and 
reconstruct the ossicular chain. If cholesteatoma removal is 
certain and the mucosal involvement is minimal, the ossic- 
ular chain can be reconstructed at the primary procedure. 


Labyrinthine Fistula 


A labyrinthine fistula may be found in up to 10% of patients 
with long-standing cholesteatomas or in revision cases. One 
should suspect a fistula in patients with chronic ear disease 
who have sensorineural hearing loss and/or vertigo induced 
by noise or pressure changes in the middle ear. A positive 
fistula test with manipulation of the external canal may be 
present, although its absence does not exclude a fistula. 
Suppurative labyrinthitis with complete loss of hearing and 
vestibular function may occur secondary to a fistula from a 
cholesteatoma. High-resolution, thin-section CT of the tem- 
poral bone may reveal a fistula of the semicircular canals 
or the basal turn of the cochlea. Fistulae of the horizontal 
semicircular canal are most common (87). The procedure of 
choice in labyrinthine fistulae is a modified radical (CWD) 
mastoidectomy. This avoids leaving residual disease con- 
cealed in the mastoid cavity and necessitating the patient 
to undergo multiple procedures. Management of the matrix 
covering the fistula depends on several factors, including the 
infection status of the ear, the degree of sensorineural hear- 
ing loss in the involved ear as well as the opposite ear, the 
size and location of the fistula, and the surgeon’s skill. In the 
patient with a fistula of the only hearing ear, a CWD proce- 
dure is performed and the matrix is left intact over the fistula. 
Attempting to remove it places the patient at significant risk 
for a permanent total sensorineural hearing loss. If the oppo- 
site ear has normal hearing and eustachian tube function, 


then the surgeon can be more selective in management. If the 
fistula involves one of the semicircular canals and the mas- 
toid is small, then a CWD mastoidectomy, leaving the matrix 
on the fistula, is appropriate. If there is a small semicircular 
canal fistula and the mastoid cavity is large, then the skillful 
surgeon may elect to perform an intact canal wall procedure, 
remove the matrix, cover the fistula with fascia, and plan a 
second procedure. If the hearing is normal, then the matrix 
covering extensive fistulae of the vestibule or cochlea should 
be left alone. If cochlear function is profoundly depressed, 
the matrix should be removed and the fistula covered with 
fascia. The removal of matrix over the fistula and then imme- 
diately covering it with fascia should be the last part of the 
procedure. Suction should not be used around the fistula 
site; only blunt dissection is appropriate. If the semicircular 
canal is inadvertently opened by a drill, then the iatrogenic 
fistula should be immediately covered with fascia. Parenteral 
antibiotics and steroids may be helpful. Postoperative ver- 
tigo is a sign of labyrinthine and cochlear trauma. A bone- 
conduction audiogram may be depressed immediately but 
may recover in 4 to 6 weeks in some cases. 


Facial Paralysis 


Facial paralysis in patients with cholesteatoma may 
develop acutely due to infection or slowly due to chronic 
expansion. In either case, surgery should be performed as 
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Figure 151.10 CT scan of left ear demonstrating 
three complications from cholesteatoma in a single 
patient. The patient has not had surgery. A: Horizontal 
semi-circular canal (HSCC) fistula (axial scan), (B) Erosion 
of tegmen plate (coronal scan), (C) Erosion into TMJ 
(axial scan). 


soon as the paralysis is recognized. High-resolution, thin- 
section CT with both axial and coronal scanning will local- 
ize the involvement. A common site of nerve involvement 
is the geniculate ganglion (87). A mastoidectomy with 
facial recess approach will expose the horizontal and verti- 
cal portions of the facial nerve. Moody and Lambert (88) 
recently reviewed their cases of surgical cholesteatoma 
and found a high rate of dehiscence of the facial nerve. 
This should be expected in the case of a facial paralysis. 
Removing the cholesteatoma and decompressing the facial 
nerve are sufficient if the nerve is anatomically intact; open- 
ing the sheath of the facial nerve is unnecessary. A middle 
fossa approach is required for cholesteatomas involving 
the petrous apex. Intravenous antibiotics and high-dose 
steroids are helpful. The House-Brackmann facial nerve 
grading system should be used to assess the degree of facial 
paralysis, and the intraoperative use of a facial nerve stim- 
ulator/monitor is helpful. Iatrogenic injury of the facial 
nerve at the pyramidal turn may occur with drilling of the 
mastoid. The horizontal segment of the facial nerve may be 
injured during blunt removal of the cholesteatoma in the 
middle ear. Immediate repair is performed when the injury 
is recognized, and decompression of the facial nerve for 
several millimeters on either side of the injured segment is 
recommended. A delayed facial paralysis within a few days 
of surgery indicates minor trauma, with recovery expected 
within 6 weeks. These patients are treated like those with 
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idiopathic facial paralysis and given high-dose steroids. 
Antiviral therapy may also be beneficial. 


Infections 


Serious infections associated with cholesteatoma include 
periosteal abscess, lateral sinus thrombosis, meningitis, 
and intracranial abscess. A high-resolution, thin-section, 
contrast-enhanced CT scan is performed. Infections of this 
nature occur in less than 1% of all cholesteatomas because 
of the widespread use of antibiotics and the tendency to 
operate earlier. The most dangerous type of infected cho- 
lesteatomas are those where drainage through the external 
auditory canal is obstructed by an inflamed and narrow 
canal. The egress may be further blocked by mucosal 
edema, squamous debris, or a polyp. Early intervention 
to remove cholesteatoma and provide adequate drainage 
is required. 

Periosteal abscess may develop behind a cholesteatoma 
and inflammation that is blocking the aditus ad antrum 
or from an extensive cholesteatoma that erodes through 
the mastoid cortex. It presents as an inflamed, fluctuant 
postauricular mass. High-dose antibiotics are begun and 
adjusted according to needle aspiration culture results. 
Surgery is performed after 24 to 48 hours of antibiotics. It 
is important to be aware that the dura or lateral sinus may 
be exposed by disease. 

Lateral sinus thrombosis may occur from an infected 
cholesteatoma. It presents with a characteristic high, spik- 
ing fever in a picket-fence pattern. Treatment requires high- 
dose antibiotics and surgery similar to management of 
lateral sinus thrombosis in association with acute coales- 
cent mastoiditis. If the cholesteatoma is extensive, a CWD 
mastoidectomy should be performed (89). 

Patients who develop headaches on the side of a cho- 
lesteatoma should have a CT scan to rule out an impend- 
ing intracranial complication. Pain and headache may 
arise from involvement of dura by the cholesteatoma, by 
a developing epidural abscess, or because of loculated 
abscess. Cerebellar or temporal lobe abscesses may exhibit 
only mild symptoms such as low-grade fever, mild ataxia, 
or mental changes. Intracranial abscesses should be man- 
aged by the neurosurgeon after beginning intravenous 
antibiotics. After control of the intracranial problem, the 
otologist can then manage the ear disease. See Chapter 138 
for more information on intracranial complications. 


Brain Herniation 


Brain herniation may develop following previous mastoid 
procedures presenting as an encephalocele or meningo- 
encephalocele through a defect in the tegmen tympani or 
tegmen mastoideum. The etiology is thought secondary to 
aggressive drilling that exposes and traumatizes the dura 
during previous mastoid surgery. Subsequent brain hernia- 
tion can be prevented by carefully inspecting any exposed 


dura for injury. If a tegmen defect is small and the dura is 
intact, no further treatment is necessary. If there is a dis- 
ruption in the integrity of the dura with or without a CSF 
leak, repair is necessary. Many of these defects can be suc- 
cessfully treated from the mastoid. One should circum- 
ferentially elevate the dura from the tegmen with a blunt 
instrument and remove 1 mm of bone from around the 
site of injury to expose normal-appearing dura. Bleeding 
is controlled with low-energy bipolar cautery rather than 
monopolar cautery to avoid injury and thrombosis of cere- 
bral vessels. The surgeon should circumferentially insert 
temporalis fascia, cut larger than the defect, between the 
dura superiorly and the tegmen inferiorly. Defects larger 
than a few millimeters require conchal cartilage or a bone 
chip for support to prevent herniation. If an established 
encephalocele or meningoencephalocele is encountered, it 
should be removed. A biopsy is needed to confirm brain 
tissue and rule out a malignancy. One should carefully 
dissect the circumference of the mass to identify its site 
of origin. In most cases, the encephalocele in the epitym- 
Ppanum or mastoid is necrotic and functionless. The her- 
niated brain tissue is removed to the level of the tegmen 
and dural defect and repaired as described previously. For 
larger defects, a mini-craniotomy is performed by making 
an opening in the squamosa laterally, just above the plane 
of the tegmen. The dura can then be elevated off the floor 
of the middle fossa and the defect repaired with fascia and 
cartilage or bone. 


Extratemporal Cholesteatoma 


Cholesteatoma can also escape the confines of the temporal 
bone after otologic surgery in rare instances (90). Concern 
of cholesteatoma (epidermal inclusion cyst) should arise 
in a patient with a lesion in or around the parotid gland 
with a history of prior ear surgery (Fig. 151.11). 


Figure 151.11 Intraoperative photograph of a patient with a 
cholesteatoma anterior to the left ear in the infratemporal fossa. 
The patient had multiple ear surgeries for cholesteatoma including 
a CWD tympanoplasty with mastoidectomy. Except for the mass, 
the patient was asymptomatic. 


The only epithelium that migrates is that of the tym- 
panic membrane and cholesteatoma. 

The posterior epitympanum is the most common 
location for acquired cholesteatomas. 

Posterior mesotympanic cholesteatomas are common 
sites of residual cholesteatoma; epitympanic choleste- 
atomas are common sites of recurrent cholesteatoma. 
Posterior mesotympanic and epitympanic retraction 
pockets should be managed with either a ventilating 
tube or a cartilage-supported tympanoplasty if the 
pocket is adherent. 

Aural polyps can be snared but should not be pulled 
aggressively because they may be attached to an 
ossicle or the facial nerve. 

An ideal candidate for a CWU mastoidectomy is a 
patient with a well-pneumatized mastoid and a cho- 
lesteatoma limited to the posterior mesotympanum 
and antrum. 

The operative approach chosen is dictated by the 
disease and the hearing status of the involved and 
contralateral ears. 

Removal of cholesteatoma from the stapes should 
be done last by dissecting parallel with the tendon. 
One should assume that the incudostapedial joint is 
intact unless proved otherwise by direct inspection. 
Patients with cholesteatomas who develop new 
headaches on the same side should have a CTI scan 
to evaluate a potential intracranial problem. 
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Surgery of the Mastoid 
and Petrosa 


Richard A. Chole 


Infections of the ear were recorded as early as 380 zc in 
the Hippocratic canon, and surgery of the mastoid and 
petrosa developed as a treatment modality for suppurative 
ear disease. During the 16th century, Fabricius Hildanus 
reported a case of spontaneous drainage from a postau- 
ricular abscess, for which he advocated early incision and 
drainage. Riolan the Younger described a procedure akin 
to mastoidectomy in 1649, and John Luis Petit performed 
the first surgical trephination of the mastoid in 1774. 
Petit exposed the mastoid cortex, performed a trephina- 
tion, and then enlarged the surgically created fistula. 
JGH Fielitz reported five similar cases in 1785; however, 
the procedure fell into disrepute after the sensational 
death of Danish physician Johanne Gust Von Berger in 
1792. He died of meningitis 12 days after a mastoidec- 
tomy performed by Koelpin and Callisen. Fortunately, 
Schwartze repopularized the operation in 1873. Since 
then, technological advancements such as the operating 
microscope, the high-speed drill, and specialized micro- 
surgical instruments have led to significant improve- 
ments in the treatment of mastoid disease. Regions of the 
skull base previously thought to be inaccessible such as 
the petrous apex, the complete course of the facial nerve, 
the endolymphatic sac, and the cerebellopontine angle 
were now within reach. Indications for temporal bone 
surgery (Table 152.1) include acute otologic infections 
(see Chapters 149 and 151), chronic infections with 
or without cholesteatoma (see Chapters 151 and 149), 
trauma (see Chapter 150), facial nerve disorders (see 
Chapter 155), vestibulopathy (see Chapter 166), and 
tumors of the skull base (see Chapter 147). 


Hilary A. Brodie 


Abraham Jacob 


Incisions 


The two principal incisions used for access to the mastoid 
cortex are the postauricular incision of Wilde and the end- 
aural incision of Lempert. The postauricular incision pro- 
vides better overall exposure and allows complete access 
to the mastoid tip. In adults, the incision is placed 8 to 
10 mm posterior to the postauricular sulcus, where it is hid- 
den by the pinna (Fig. 152.1). This incision can be placed 
more posteriorly for wider exposure as might be necessary 
during translabyrinthine access to the cerebellopontine 
angle. It should not be placed directly in the postauricu- 
lar crease, however, because such placement creates a deep, 
difficult-to-clean postauricular furrow. In children younger 
than 2 years, the inferior portion of this incision must be 
placed more posteriorly than in adults (Fig. 152.1). This is 
because the tympanic ring in children is underdeveloped, 
mastoid pneumatization is incomplete, and the stylomas- 
toid foramen is shallow. Therefore, the facial nerve is vul- 
nerable to injury. The surgeon should also keep in mind 
that congenital anomalies of the temporal bone can result 
in highly variable facial nerve position. 

The postauricular incision is first outlined with a mark- 
ing pen and infiltrated with a mixture of local anesthetic 
and epinephrine. The skin and subcutaneous tissues are 
incised sharply down to the temporalis fascia (superior to 
the inferior temporal line) and down to the periosteum 
overlying the mastoid cortex (inferior to the inferior tem- 
poral line). The ear flap is elevated anteriorly to identify 
the posterior edge of the external ear canal. Additional 
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U5) CLINICAL INDICATORS FOR 
ui-y 2) MASTOIDECTOMY 


Strategy 
Indicators (one of the following) 
Persistent or recurrent otorrhea 


Persistent or recurrent ear pain 
Conductive hearing loss 
Tympanic membrane perforation and/or cholesteatoma 
Acute mastoiditis with osteitis 
Neoplasm of temporal bone 
Fracture of temporal bone with CSF leak 
Facial nerve paralysis requiring decompression of the facial nerve 
Laboratory tests (as indicated) 
Audiogram 
Other tests (as indicated) 
Type of anesthesia (as indicated) 
Location of service (as indicated) 
Process 
Criteria for discharge 
Recovery from anesthesia 
Absence of significant vertigo 
Absence of signs of meningitis or toxic shock syndrome 
Outcome 
Results 
Follow-up 
Healing of mastoid cavity if present 
Healing of surgical wound 
Resolution of presenting symptoms 
Evaluation of hearing 


CSF, cerebrospinal fluid. 

The American Academy of Otolaryngology—Head and Neck Surgery 
and the American Society for Head and Neck Surgery have published 
Clinical Indicators for surgical procedures. These Clinical Indicators 
are educational statements that have been drafted to assist surgeons 
in their practice and to promote discussion. These Indicators are not 
practice guidelines nor do they represent standards of practice with 
which individuals must conform. 


elevation superior to the ear canal exposes the root of the 
zygoma. Posterior to the ear canal, the postauricular mus- 
cle and pericranial soft tissues are incised and elevated in 
the same plane as described above. This dissection is car- 
ried to the mastoid tip. Care must be taken not to dissect 
anterior to the tip because this endangers the facial nerve 
in the stylomastoid foramen. Unless the mastoid tip is to 
be removed, the sternocleidomastoid muscle’s insertion 
onto the tip should not be severed. This minimizes postop- 
erative discomfort. Thus far, the skin and soft tissues of the 
pinna have been laid anteriorly, but the periosteum still 
remains attached to the mastoid cortex. 

The mastoid cortex is now exposed to start the drilling 
process (Fig. 152.2). A T-shaped incision is made through 
the soft tissues and periosteum overlying bone. The supe- 
rior limb of the “T” is placed along the inferior temporal 
line (inferior margin of the temporalis muscle) starting 
at a point just superior to the anterior—superior ear canal. 
This incision extends posteriorly as far as is needed for ade- 
quate exposure. An inferior limb to the “T” is fashioned 


Postauricular 
crease 


Mastoid tip 


Figure 152.1 Placement of postauricular incisions in adults (A) 
and infants (B). 


from the mastoid tip to the superior limb just described. 
Periosteal elevators are then used to elevate the periosteum 
of the mastoid cortex toward the posterior margin of the 
ear canal (Fig. 152.2). Superior to the ear canal, the peri- 
osteum should be elevated anteriorly along the zygomatic 
root. Inferior to the ear canal, the surgeon should elevate 
the periosteum to the anterior margin of the superior 
aspect of the mastoid tip. If the tip is to be removed, the 
surgeon must remove all the periosteum from its surface. 
Taking a few moments to get this anterior extension, supe- 
riorly and inferiorly, will allow the ear to be held forward 
easily with self-retaining retractors. The periosteum can 
also be elevated somewhat down the ear canal to release 
tension and prevent a canal laceration. 


Figure 152.2 After exposure, the periosteum of the mastoid 
cortex is incised with a “T-shaped or an “L-shaped incision. The 
periosteum is then elevated off the mastoid cortex, exposing the 
posterior wall of the external auditory canal. 1, Periosteal incisions; 
2, Temporal line; 3, Temporalis m.; 4, Posterior canal skin. 


Self-retaining retractors should now be placed to hold 
the auricle forward. The suprameatal spine of Henle marks 
the lateral extent of the posterior-superior bony ear canal. 
The surgeon has raised two anteriorly based flaps: (a) the 
pinna and subcutaneous tissues and (b) the deeper mus- 
culoperiosteal tissues. This deeper flap can be used to par- 
tially obliterate the mastoidectomy cavity at the end of a 
canal-wall-down mastoidectomy. After an intact-canal-wall 
mastoidectomy, however, both layers should be closed to 
maintain a patent meatus and a properly positioned auricle. 

Endaural incisions were first described by Kessel in 
1885 and later popularized by Lempert (1) in 1938. 
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These incisions expose a limited portion of the mastoid 
cortex. First, a posterior canal wall incision is made from 
the 12-o’clock to the 6-o’clock position just medial to the 
bony cartilaginous junction (Lempert I incision). From the 
12-0’clock position of the Lempert I incision, a medial-to- 
lateral incision is made into the incisura between the tra- 
gus and root of the helix (Lempert II incision). A relaxing 
incision is then made at the inferior margin of the Lempert 
I incision (in a medial-to-lateral direction) (Fig. 152.3A). 
This allows the posterior ear canal and conchal skin to be 
mobilized (Fig. 152.3A and B). Skin, soft tissues, muscle, 
and periosteum over the mastoid cortex are elevated using 


Figure 152.3 A: Endaural incisions. The 
incision of the posterior bony canal 
(Lempert I) continues superiorly to an inci- 
sion between the tragus and the root of 
the helix (Lempert II). An inferior relaxing 
incision is often needed. B: Separation of 
bony cartilaginous junction with retrac- 
tion. C: Mastoid exposure via an endaural 
incision. 
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Lempert elevators, and a self-retaining retractor is placed. 
Indications for this incision include simple mastoidectomy 
in very poorly pneumatized temporal bones, atticotomies, 
canaloplasties, and some tympanoplasties. The endaural 
incision is closed in a layered fashion approximating deep 
tissues and then skin. 


Surface Landmarks 


The inferior temporal line (linea temporalis) defines the 
inferior limit of the temporalis muscle and provides a top- 
ographic landmark for the approximate level of the floor 
of the middle cranial fossa. Inferior to the temporal line 
is a protuberance at the posterosuperior margin of the ear 
canal called the suprameatal spine of Henle. Macewen 
triangle (cribrose area) is a depressed pit just posterior 
to the spine of Henle and serves as a topographic land- 
mark for the underlying mastoid antrum. The antrum 
is typically located 15 mm medial to the cribrose area. 
The zygomatic root is palpable anterior-superior to the 
ear canal. The anterior, inferior, and posterior-inferior 
walls of the external auditory canal are formed by the 
tympanic bone while the region between the tympano- 
squamous and tympanomastoid suture lines (i.e. the 
posterior-superior bony ear canal) is made of squamous 
bone (Fig. 152.4). The canal skin in this region is thicker 
and more vascular than the inferior canal skin. When cre- 
ating a laterally based conchal flap, this thickened “vascu- 
lar strip” is elevated and preserved. The surface anatomy 
of the adult and young child’s temporal bone differs 
(Fig. 152.5). Children younger than 2 years have imma- 
ture tympanic rings and poorly developed mastoids. In 
children or adults with canal atresia, mal-development of 
the tympanic bone may result in facial nerve exit directly 
from the mastoid cortex (2). 


Types of Mastoidectomy 


The ear canal is made up of a cylinder of skin contained 
within a bony cylinder. In the normal ear, the tympanic 
membrane is the medial boundary for both those cylinders. 


Figure 152.4 Surface anatomy of the adult temporal 
bone. 1, Mastoid foramen; 2, Mastoid tip; 3, Petrosquamosal 
suture; 4, Temporal line; 5, Squamosa; 6, Zygoma; 7, 
Tympanomastoid suture line; 8, Tympanic bone; 9, Cribriform 
fossa; 10, Spine of Henle; 11, Tympanosquamous suture. 


During routine office examination, it is not possible to see 
the epitympanum or mastoid region when the canal wall 
is intact. This is because the scutum blocks the epitympa- 
num from view, and the posterior canal wall blocks access 
to the mastoid cavity. Therefore, removing the superior and 
posterior aspects of the bony canal allows direct access to 
the epitympanum and mastoid. This has the advantage of 
more thorough postoperative examination of the ear in the 
office; however, it leaves patients with cavities that require 
lifelong maintenance. 

Mastoidectomy procedures can be categorized as canal- 
wall-up and canal-wall-down operations. Canal-wall-up 
procedures include the so-called simple mastoidectomy 
and the complete mastoidectomy with and without 
a facial recess approach. Canal-wall-down operations 
include the radical mastoidectomy, the modified radical 
mastoidectomy (MRM), and the Bondy MRM. A radical 
mastoidectomy removes the posterior and superior bony 
ear canal as well as the tympanic membrane, malleus, 
and incus. The stapes is usually preserved. The eustachian 
tube is obstructed, and no middle ear space remains. 
The entire cavity becomes lined with squamous epithe- 
lium. The radical mastoidectomy is “modified” when the 
tympanic membrane is reconstructed and mucosa-lined 
middle ear space is created. Ossicular reconstruction can 
also be performed during a MRM. The Bondy MRM is 
performed when disease spares the middle ear and only 
involves the epitympanum and mastoid. The scutum 
and posterior bony ear canal are removed to exteriorize 
the antrum and epitympanum, but the middle ear is not 
entered. Tympanoplasty and ossicular reconstruction can 
be performed whether the canal wall is taken down or 
left intact. 


Simple Mastoidectomy 


A simple mastoidectomy (sometimes called a transmas- 
toid antrotomy) has limited usefulness; it is most com- 
monly used to drain acute mastoid infections that do not 
respond to antibiotics. The procedure involves removing 
the mastoid cortex, drilling through the lateral air cells, 


Petrosa 


Petrotympanic 


suture Gl id f 
enoid fossa Zygomatic 
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Figure 152.5 Surface anatomy of the infant temporal bone. 
The mastoid and the tympanic bone are disproportionately small 
in infants resulting in the stylomastoid foramen and facial nerve 
being nearer the skin surface than in adults. 


and entering the antrum. The remainder of the air cell 
system is not exenterated. A thorough knowledge of the 
three-dimensional anatomy of the temporal bone is neces- 
sary for even this most direct of approaches (Fig. 152.6). 


Complete Mastoidectomy 


The complete mastoidectomy affords access to the 
antrum, attic, labyrinth, endolymphatic sac, and verti- 
cal segment of the facial nerve. All the air cells along the 
tegmen, sigmoid sinus, facial nerve, and semicircular 
canals are usually removed. The epitympanum is made 
accessible through the aditus ad antrum, and the incus 
and head of the malleus can be inspected directly. The 
incus and the head of the malleus may be removed for 
greater access to the supratubal recess in the anterior 
part of the attic. 

Using the postauricular incision, the ear is laid forward 
and the mastoid cortex exposed as described above. The 
temporal line, spine of Henle, cribrose area, and posterior 
bony ear canal are used as the initial landmarks for drill- 
ing. The location of the mastoid antrum can be approxi- 
mated by the intersection of a horizontal and vertical line 


Mastoid 


: — air cells 
KS Sigmoid sinus 


Figure 152.6 Axial section of aright adult temporal bone. 


Chapter 152: Surgery of the Mastoid and Petrosa 


2451 


drawn tangential to the superior and posterior margins 
of the bony external auditory canal. A large cutting burr 
and continuous suction/irrigation are used to begin the 
mastoidectomy. Cortical bone is removed inferior to the 
middle fossa dura (tegmen mastoideum), the posterior 
edge of the bony ear canal is delineated, and the sigmoid 
sinus is identified. It is useful to widely saucerize the mas- 
toidectomy bowl by removing any overhanging edges. 
This permits more light to enter the cavity and allows the 
surgeon to bring in his or her instruments into the opera- 
tive field at an angle rather than directly along his or her 
line of sight. After determining the level of the tegmen, 
air cells lateral to the sigmoid sinus should be removed to 
see the blue hue of the sinus through thin bone. The sino- 
dural angle, marking the posterior—-superior limit of the 
mastoid cavity, is then opened. Drilling proceeds medi- 
ally along the tegmen toward the epitympanum. Keeping 
this anterior-superior portion of the dissection as the 
deepest portion of the cavity avoids inadvertent injury to 
the facial nerve. Korner septum is a plate of bone lateral 
to the antrum, and it represents the posterior extension 
of the petrosquamous suture line within the mastoid (3) 
(Fig. 152.7). The superior aspect of Korner septum must 
be removed to enter the mastoid antrum. The floor of the 
antrum, which is the lateral semicircular canal, is a vital 
landmark that must be clearly visualized (Fig. 152.8). 
Otic capsule bone of the labyrinth usually appears to be a 
slightly lighter hue when compared with the surrounding 
membranous bone. 

Once the antrum is entered, the bone of the posterior 
ear canal wall must be thinned, although excessive thin- 
ning may lead to delayed dissolution of this structure. 
Identifying the posterior incudal ligament (often seen 
as a white streak through thin bone just inferior to the 
fossa incudus) is a useful landmark in finding the incus. 
By flooding the antrum with clear irrigant, the surface of 
the fluid forms a lens that will bend light from the micro- 
scope and allow the surgeon to see the incus before actu- 
ally coming upon it (Fig. 152.8). Touching the incus with 
a rotating burr must be avoided because transmission of 


A Antrum not entered B 


K6érner septum 


Figure 152.7 Kérner septum. A: Axial section view of Korner sep- 
tum. B: Lateral surgical view of Korner septum. SS, sigmoid sinus. 
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Antrum exposed. Incus head 
and LSC identified 


Figure 152.8 Simple mastoidectomy. Left: Lateral surgical view 
of mastoid cavity. The air cells of the mastoid have been removed 
back to the bone over the sigmoid sinus and the otic capsule of the 
bone over the lateral semicircular canal can be seen. The posterior 
bony canal wall and bone overlying the facial nerve (in yellow) are 
intact. Right: An axial section view of mastoid cavity. 


high-frequency mechanical energy to the inner ear can 
cause sensorineural hearing loss. Once the incus body 
is identified, removing the bone lateral to the ossicles 
(between the tegmen tympani and bone of the superior ear 
canal) opens the epitympanum. Carrying this dissection 
anteriorly will expose the head of the malleus. 

Having found the antrum, the horizontal semicircular 
canal, and the incus, attention can now be directed to 
identifying the facial nerve. Bony trabeculae on the bony 
external auditory canal are removed from a lateral to 
medial direction. As this dissection proceeds medially, 


facial recess air cells anterior to the facial nerve will 
be encountered. The second genu of the facial nerve is 
located immediately anterior and inferior to the mid- 
point of the horizontal canal, just medial to the short 
process of the incus. Here, a 4-mm diamond burr and 
copious irrigation are used to make wide strokes, start- 
ing at the incus superiorly and aimed toward the stylo- 
mastoid foramen inferiorly. Adequate irrigation prevents 
thermal injury to the nerve. The facial nerve should 
be visualized through thin bone but not completely 
exposed. As the facial nerve is traced inferiorly, the 
branch-point of the chorda tympani nerve will be found 
(Fig. 152.9A). The chorda can then be traced anteriorly 
and superiorly. 

All of the cells within the mastoid tip may be exenter- 
ated. The posterior belly of the digastric muscle inserts 
medially on the mastoid tip. Identifying the muscle 
through eggshelled bone is referred to as the “digastric 
ridge,” which is actually a surgically created landmark 
(Fig. 152.9A). Fascia enveloping the digastric muscle is 
continuous with the fibrous tissue surrounding the facial 
nerve at the stylomastoid foramen. The stylomastoid fora- 
men enlarges as it exits the inferior portion of the tem- 
poral bone. Following the digastric ridge anteriorly in 
the mastoid tip is one technique used to find the facial 
nerve. Infralabyrinthine (retrofacial) air cells are those 
cells medial to the facial nerve, superior to the jugular 
bulb, and inferior to the posterior semicircular canal. They 
should be exenterated if disease is found within them or 
if either the jugular bulb or endolymphatic sac needs to 
be exposed. 


Then thin bone and anterior 
facial recess 


Facial nerve eggshelled 


Figure 152.9 Facial recess approach. A: Surgical view. The bone over the mastoid portion of the 
facial nerve and the chorda tympani is thinned. The bone between these two landmarks is removed 
giving access to the middle ear. B: An axial depiction of the facial recess approach illustrates the 
thinning of bone over the fallopian canal and the opening made into the middle ear between the 
tympanic annulus and the facial nerve. Ct, corda tympani; SSC, superior semicircular canal; LSC, lat- 
eral semicircular canal; PSC, posterior semicircular canal; SS, sigmoid sinus; FN, facial nerve. 


Following a complete mastoidectomy, the surgeon should 
thoroughly irrigate the cavity to remove bone dust, which 
may otherwise cause ossicular fixation. The complete mas- 
toidectomy cavity should consist of a well-defined tegmen 
tympani and tegmen mastoideum superiorly, a clearly delin- 
eated sigmoid sinus posteriorly, an open sinodural angle, 
well-visualized semicircular canals, an intact posterior bony 
ear canal wall, and the facial nerve seen through thin bone. 


Complete Mastoidectomy with a Facial 
Recess Approach 


The facial recess is an aerated extension of the posterior- 
superior middle ear space. Medial to the tympanic annu- 
lus and lateral to the fallopian canal, it allows access to 
the middle ear from the mastoid cavity without disrup- 
tion of the tympanic membrane. Some surgeons use the 
term “posterior tympanotomy” to describe a facial recess 
approach. The facial recess is a triangular opening bor- 
dered posteromedially by the facial nerve, anterolaterally 
by the chorda tympani nerve, and superiorly by the fossa 
incudis (Fig. 152.9). An open facial recess provides access 
to the ossicles, stapedius tendon, round window, tympanic 
segment of the facial canal, and cochleariform process (4). 
Dissection of the region of the facial recess should be per- 
formed with diamond burs and copious suction irrigation 
to avoid mechanical or thermal damage to the nerves. 

There are numerous indications for performing a pos- 
terior tympanotomy. These include transmastoid cochlear 
implantation, middle ear electromechanical implantation 
(5), presence of cholesteatoma within both the middle ear 
and mastoid, chronic otomastoiditis with granulation tis- 
sue or cholesterol granuloma, and tumors within the mid- 
dle ear and mastoid (6). 

In the anterior epitympanum, a projection of bone 
extending inferiorly from the tegmen tympani (the cog) 
can obscure disease in the supratubal recess (7). The pres- 
ence of granulation tissue, cholesteatoma, or tumor in the 
anterior epitympanum and supratubal recess may require 
removal of the incus, head of the malleus, and the cog for 
increased exposure. If removal of the incus is necessary, the 
incudostapedial joint must first be disarticulated through 
the facial recess before removing the incus and malleus 
head. Opening the facial recess can also improve aeration 
of the mastoid by providing an alternate route for air from 
the eustachian tube to enter the mastoid (other than the 
aditus ad antrum). Inadequate aeration or loculation of 
the mastoid cavity may result in recurrent retraction pocket 
formation, mucocele formation, or chronic otomastoiditis. 
One way to test for adequate aeration of the mastoid cavity 
is to fill the middle ear with saline and watch for flow into 
the mastoid. When the incus has been removed, rarely is a 
facial recess approach required for aeration. 

When thinning the posterior bony canal wall, the facial 
recess is encountered medially. It is first noted as a color 
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change (darker appearing bone) anterior to the facial 
nerve, just inferior to its second genu. The facial nerve lies 
medial and inferior to the tip of the short process of the 
incus. The second genu of the facial nerve usually forms an 
angle of 95 to 125 degrees; it usually makes a gentle curve 
rather than an abrupt turn. The nerve may descend directly 
through the mastoid in a caudal direction, or it may devi- 
ate from the vertical by 5 to 35 degrees. The facial nerve 
travels laterally as it moves inferiorly through its vertical 
segment and is located lateral to the posterior—inferior 
tympanic annulus in 65% of cases (8). 

The surgeon should be aware of potential facial nerve 
anomalies. Dehiscence of the facial nerve is reported to 
occur in 55% to 57% of temporal bones (9). The facial 
nerve is dehiscent approximately 50% of the time just 
superior to the oval window, in its tympanic segment. 
Other areas of possible dehiscence include the geniculate 
ganglion, facial recess, tympanic sinus, and the retrofacial 
region. Bone erosion secondary to cholesteatoma may also 
create dehiscence in the fallopian canal. Before encoun- 
tering the nerve, the vasa nervorum can be appreciated 
through the eggshelled bone overlying the nerve. The most 
common site of injury to the facial nerve in mastoid sur- 
gery is inferior to the lateral semicircular canal just beyond 
the second genu (9). 

At a variable point along its descent toward the sty- 
lomastoid foramen, the facial nerve gives off the chorda 
tympani nerve. This nerve travels in an anterior, superior, 
and lateral direction. Facial nerve anomalies can include 
a chorda that branches from the facial nerve after it exits 
from the stylomastoid foramen, a bifid facial nerve (10), or 
a nerve coursing through the middle ear space just inferior 
to the oval window (11). Once the chorda tympani nerve 
is identified, the bone between the chorda and the facial 
nerve may be removed with a small diamond burr and copi- 
ous irrigation. This opens the facial recess (Fig. 152.9A). If 
additional exposure is required, an extended facial recess 
approach can be performed, where the chorda is sacri- 
ficed and the facial recess extended inferiorly. Care must 
be taken to identify the fibrous annulus of the tympanic 
membrane and to avoid inadvertent injury to the tympanic 
membrane or medial ear canal. 


Intact Canal Versus Canal-Wall-Down 
Mastoidectomy 


Both the open (canal-wall-down) and the closed (intact 
canal with facial recess or posterior tympanotomy) proce- 
dures have advantages and disadvantages. Judgment as to 
which procedure to perform depends on the nature of the 
disease, the reliability of the patient, and the experience of 
the surgeon (Table 152.2). 

The intact-canal-wall approach offers several advan- 
tages over open (canal-wall-down) techniques. First, post- 
operatively there is no mastoid cavity to care for. Patients 
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TABLE 


Advantages 


Intact wall 


Physiologic tympanic membrane position 
Deep middle ear 
No mastoid bowl 


Canal-wall-down 
Recurrent cholesteatoma is rare 
Total exteriorization of facial recess 


with cavities often require regular office debridement, may 
have a difficult time fitting hearing aids, need to adhere 
to water precautions, and have meatoplasties that may be 
cosmetically unappealing. An intact-canal procedure also 
allows for a more physiologic ossicular reconstruction with 
a deeper, better-aerated middle ear. Some authors, how- 
ever, have found no significant benefit in hearing results 
for intact-canal-wall mastoidectomy compared with canal- 
wall-down procedures (12,13). 

There are several potential disadvantages to the intact- 
canal-wall approach. First, there is an increased risk of 
residual or recurrent disease. Widely varying results using 
a canal-wall-up mastoidectomy have been reported in the 
literature. However, most of the larger series reveal residual 
cholesteatoma in 20% to 35% of cases and recurrent dis- 
ease in 5% to 20% (14-17). This is in contrast to results 
for open procedures in which there is a 2% to 17% rate 
of residual disease and a 0% to 10% chance for recurrence 
(18,19). Although uncommon, a second potential prob- 
lem with the intact-canal-wall procedures is delayed break- 
down of the bone of the posterior canal wall. This is due to 
compromised blood supply from over-thinning the bone. 
A third disadvantage is an inability to see the mastoid cav- 
ity in the office for surveillance. Some surgeons routinely 
perform “second look” operations 6 to 12 months after the 
initial procedure. A staged ossicular reconstruction can also 
be accomplished at that time. Careful patient selection is 
vital. Intact-canal procedures should be performed in reli- 
able patients who plan to follow-up regularly in the office. 


Radical Mastoidectomy 


The radical mastoidectomy is the most aggressive of the 
open cavity mastoid procedures. The classic radical mas- 
toidectomy involves a canal-wall-down mastoidectomy 
combined with complete removal of the tympanic mem- 
brane, annulus, malleus, incus, and all middle ear mucosa. 
The eustachian tube is stripped of mucosa and obliterated 
with packing (fascia, muscle, or bone). The goal of radical 
mastoidectomy is to establish a dry, open cavity devoid of 


Residual cholesteatoma visible on follow-up 


152.2 OPEN VERSUS CLOSED TECHNIQUES FOR MASTOIDECTOMY 


Disadvantages 


Residual cholesteatoma may be occult 

Recurrent cholesteatoma may occur in attic 

Delayed canal breakdown 

Incomplete exteriorization of facial recess 

Second stage often required 

Mastoid bowl maintenance can be a lifelong problem 
Middle ear is shallow and difficult to reconstruct 
Position of pinna may be altered 

Second stage sometimes required 


secretory epithelium. Before the advent of tympanoplasty, 
this radical procedure was by far the most common open 
procedure. However, it is rarely performed today. Most sur- 
geons now prefer an MRM with reconstruction of a middle 
ear space and the sound conduction apparatus. If disease 
permits, a graft can be placed isolating the eustachian tube 
and round window from the middle ear, creating a cava 
minor reconstruction. However, there are still some indi- 
cations for a radical mastoidectomy; these include unre- 
sectable cholesteatoma with extension into the eustachian 
tube, cholesteatoma with erosion into the cochlea or laby- 
rinth, or patients who have had multiple failed MRMs. 

The procedure involves performing a complete (intact 
bony canal) mastoidectomy with identification of all the 
landmarks discussed previously. The superior and poste- 
rior canal walls are then removed with a cutting burr and 
suction-irrigation. Prior to encountering the ossicles, the 
incudostapedial joint is separated and the head of the mal- 
leus as well as the incus are removed. The bone of the canal 
wall is lowered to the level of the mastoid portion of the 
fallopian canal, but the stapes is preserved. A diamond 
burr with copious irrigation is used to identify the facial 
nerve through thinned bone. All mucosa from the mas- 
toid and middle ear is removed, and the eustachian tube 
is packed with fascia or bone. The mastoid tip is removed. 
Care should be taken to lower the facial ridge, remove over- 
hanging edges, and lower the bone of the inferior canal 
wall so as to prevent creation of a dependent mastoid 
tip. To reduce the depth of the cavity, its perimeter is well 
saucerized. 


Modified Radical Mastoidectomy 


The radical mastoidectomy operation is termed “modified” 
when a middle ear space is reconstructed (Fig. 152.10). The 
MRM begins with a complete mastoidectomy. The decision 
to take the canal wall down is then based on the extent 
of disease (Table 152.2). Most of the bone lateral to incus 
can be removed quickly with a large cutting burr and the 
scutum made flush with the anterior canal wall. Because 


Figure 152.10 Completed canal-wall-down MRM. Left: Axial 
view demonstrating the complete removal of air cells of the mas- 
toid and saucerization over the sigmoid sinus. X, Potential depth 
without saucerization; Y, Potential depth with saucerization. Right: 
Surgical view of a completed, canal-down mastoidectomy 1, Round 
window; 2, Tensor tympani tendon; 3, Cochleariform process; 
4, Manubrium of malleus; 5, Facial ridge. Red arrow—sinus tympani. 


the facial nerve is medial to the incus, it is protected. The 
bone immediately lateral to the ossicles must be removed 
carefully with microinstruments rather than the drill. This 
avoids direct contact between the rotating burr and ossic- 
ular chain. Alternately, the incudostapedial joint may be 
separated and the incus and head of the malleus removed. 
The posterior and inferior portions of the remaining bony 
ear canal are then removed. The bone, lateral to the facial 
nerve, called the “facial ridge,” is drilled down to the level 
of the fallopian canal, leaving a thin covering of bone over 
the facial nerve. 

A few technical points deserve mention. Once the bulk 
of the posterior ear canal has been removed with cutting 
burrs, the vertical (mastoid) segment of the facial nerve is 
found by lowering the facial ridge with a diamond burr. 
The nerve should be seen through thinned bone. Actual 
exposure of the facial nerve should be avoided, however, 
because exposure puts the nerve at risk. With radical mas- 
toidectomies and MRMs, the mastoid cortex must be well 
saucerized and the mastoid tip removed. This precludes a 
deep cavity with overhanging edges that can be difficult to 
cleanse. Saucerization makes the cavity shallow by allow- 
ing surrounding soft tissues to prolapse inward. The infe- 
rior portion of the tympanic ring should be lowered so it 
is flush with the hypotympanum. This prevents the forma- 
tion of a dependent region in the hypotympanum that 
may collect debris postoperatively. An anterior canal wall 
canaloplasty should be performed when the prominence 
of the anterior wall obscures the anterior tympanic sulcus. 
An incision is made in the anterior canal wall just lateral 
to the tympanic annulus, the skin is raised in a retrograde 
manner back to the bony cartilaginous junction, and the 
bone sculpted as necessary. One should use a large dia- 
mond burr with constant suction-irrigation to avoid enter- 
ing the glenoid fossa. 
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After mastoid surgery has been completed, the middle 
ear space is reconstructed. Commonly a fascia or cartilage 
graft is laid from the anterior annulus to and over the facial 
ridge. The graft must be well positioned as to not adhere to 
the promontory. Surgeons may elect to place Silastic over 
the promontory to prevent adhesions between the drum 
and middle ear mucosa. Although the middle ear is shal- 
low in open techniques, there is usually sufficient space to 
perform an ossiculoplasty. 


The Bondy Modified Radical Mastoidectomy 


The Bondy procedure (20), first suggested by Korner (3) 
in 1899, is a variation of the MRM. It can be performed 
through either an endaural or postauricular incision. This 
operation is used in cases of large attic cholesteatomas in 
which the middle ear has been spared of disease. An atticot- 
omy is performed first. The entire scutum is then removed 
to expose the epitympanum, to marsupialize the cholestea- 
toma, and to debride its keratin content. The medial wall 
of the cholesteatoma matrix is left in place over the body 
of the incus and head of the malleus in the epitympanum. 
This seals the middle ear space. If the cholesteatoma is seen 
extending around the ossicles, the surgeon must be pre- 
pared to perform a traditional MRM. If involvement of the 
middle ear is in question preoperatively, a high-resolution 
computed tomography (CT) scan of the temporal bone 
with axial and coronal views may help determine whether 
a Bondy procedure is indicated. This operation is reserved 
for those ears with large primary acquired cholesteatomas 
in which hearing is preserved and the ossicular chain is free 
of disease. A Bondy mastoidectomy is a particularly useful 
technique in cases with cholesteatoma and a labyrinthine 
fistula, especially in an only hearing ear. After the proce- 
dure, keratin can be debrided in the office while leaving the 
medial matrix of the cholesteatoma intact over the fistula. 
The surgeon must be vigilant, however, during each office 
examination. If cholesteatoma appears to extend into the 
middle ear, this finding should be verified with CT imaging 
and a traditional MRM would then become necessary. 


MEATOPLASTY AND MASTOID 
OBLITERATION 


The most important factors in avoiding a chronically drain- 
ing cavity are thorough removal of disease during surgery, 
designing a properly shaped mastoid cavity, and creating a 
wide external auditory meatus. 


Mastoid Obliteration 


Following canal-wall-down mastoidectomy, the patient is 
left with an open mastoid cavity. The keratinizing squa- 
mous epithelium that lines the mastoid bowl is prone to 
collecting debris and should be cleaned on a regular basis. 
Many patients must adhere to lifelong water precautions to 


2456 Section IX: Otology 


minimize risk of infection. Some technical considerations 
help to limit postoperative complications in a canal-wall- 
down mastoidectomy. Wide saucerization of the mastoid 
bowl allows the surrounding soft tissues to prolapse into 
and partially obliterate the cavity. Lowering the bone lat- 
eral to the fallopian canal and performing a generous 
meatoplasty also helps. Avoiding a dependent mastoid tip 
prevents accumulation of debris in this difficult-to-clean 
area. Lowering the bony canal wall and inferior tympanic 
annulus flush with the hypotympanum facilitates in-office 
access to the dependent areas of the mastoid. 

Muscle/tissue flaps. Some surgeons obliterate the mastoid- 
ectomy cavity in more formal ways. Originally described by 
Moser (21), the “Palva flap” has been used successfully in 
obliterating mastoid cavities (22,23). This flap is a laterally 
based postauricular musculoperiosteal flap that is rotated 
into cavity at the end of the procedure. Postmortem histo- 
logic examination of temporal bones from patients who 
underwent mastoid obliteration with the Palva flap has 
demonstrated viable muscle, fat, collagen, and richly vascu- 
larized tissue years after the procedure. There can be some 
atrophy, however, over the 5-year period after mastoidec- 
tomy. Some cavities widen as a consequence (24). Other 
flaps utilized for mastoid obliteration include an anteriorly 
based temporalis muscle flap or temporalis fascia flap based 
on a superficial temporal artery pedicle (the Hong Kong flap) 
(22). Such flaps provide bulk, cover exposed bone, recruit a 
blood supply, and provide a surface for epithelial migration. 
Palva (25) has advocated the use of bone paté and bone 
chips for obliterating the mastoid defect. It is important to 
collect the bone paté from cortical bone, before entering the 
diseased portions of the mastoid. This paté is laid into the 
cavity at the end of the case and flaps rotated over it. All 
bone paté must be completely covered by fascia or the Palva 
flap. Osteoneogenesis then results in further reduction of 
the size of the mastoid cavity (26) over time. 

Replacement of the canal wall. Gantz et al. (27) have 
described carefully removing the posterior wall, exenterat- 
ing disease as needed, replacing the wall, and filling the 
mastoid with bone chips. 

Other techniques. Synthetic materials have been used 
for mastoid obliteration with mixed results (28,29). We 
recommend caution in the use of alloplastic materials for 
mastoid obliteration when infection is present as there 
have been reports of troublesome complications using 
hydroxyapatite preparations (30). 


Meatoplasty 


Enlarging the external auditory meatus is a necessary part 
of canal-wall-down procedures. It promotes aeration and 
epithelialization of the canal and cavity, facilitates effec- 
tive postoperative care, and makes office debridement 
of the cavity much easier. An adequate meatoplasty also 
reduces the depth of the bowl. Several techniques to 
enlarge the external auditory meatus have been devised. 
Each involves removing some conchal cartilage and 


draping the posterior meatal skin into the mastoid bowl 
(Fig. 152.11). An excellent meatoplasty can be performed 
by connecting superior and inferior Lempert endaural inci- 
sions with the postauricular incision. The superior cut is 
brought out laterally into the tragal incisura while the infe- 
rior cut is curved just medial to the antitragus. This cre- 
ates a laterally based composite flap containing conchal 
cartilage and meatal skin. Varying amounts of this cartilage 
can be removed (through the postauricular incision), leav- 
ing behind thin conchal skin that drapes into the mastoid 
bowl (Fig. 152.11B) (31). Adequate resection of cartilage 
and appropriate positioning of the posterior canal skin 
are vital (Fig. 152.11C). The meatus can be maintained 
open by placing absorbable sutures from the remaining 
conchal cartilage and perichondrium to the postauricular 
periosteum. Three sutures are usually placed: one postero- 
superiorly, one directly posterior, and the third posteroin- 
feriorly. The sutures are not tied until all three have been 
properly placed. These tacking sutures prevent postopera- 
tive protrusion of the auricle and collapse of the meatus. 
This meatoplasty technique can be adapted to individual 
reconstructive needs. Permanent sutures may be used in 
recalcitrant cases of meatal collapse. Some have advocated 
suturing the medial margin of the posterior canal skin to 
the subcutaneous tissue posterior to the mastoidectomy 
defect, thereby pulling the meatus open. While this maneu- 
ver does open the meatus, it usually results in a more volu- 
minous mastoid cavity than desired. 


ENDOSCOPY 


Endoscopes often see where the microscope cannot. The 
surgeon’s view through the operating microscope depends 
on a clear line of sight. A 1.7- to 2.8-mm, 30-degree rigid 
telescope, however, can look around a corner to visualize 
the facial recess, sinus tympani, or epitympanum and it 
can be inserted through a tiny incision. It can also be used 
to assess the depth of retraction pockets and determine the 
extent of cholesteatomas. Some authors have advocated 
the use of endoscopes for second-look procedures fol- 
lowing intact-canal-wall tympanomastoidectomies (32). 
Rosenberg et al. (33) reported that endoscopic findings 
correlated well with open surgical exploration in 10 out of 
10 patients. The role of endoscopy will continue to expand 
in the otologic and neurotologic applications as surgeons 
become more comfortable with their use and larger studies 
confirm their efficacy. 


ENDOLYMPHATIC SHUNT 


In 1927, Guild (34) proposed that endolymph in the inner 
ear may flow from the cochlea to the endolymphatic sac. 
It was near this time that Portmann (35) first incised the 
endolymphatic sac in the treatment of Méniére disease. 
Interestingly, it was not until a decade later that Hallpike 
and Cairns (36) demonstrate the histopathology of 
endolymphatic hydrops in patients with Méniére disease. 
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Since then, multiple procedures have been designed to 
“shunt” or “decompress” endolymphatic sac for the treat- 
ment of intractable Méniére disease (37). Successful con- 
trol of vertigo has been reported in a majority of patients 
regardless of the technique used, but some have questioned 
the efficacy of these procedures (38) (see Chapter 166). 
Exposure of the endolymphatic sac requires a complete 
mastoidectomy. The facial nerve should be identified and 
traced from the second genu through its vertical segment. 
The otic capsule bone of the posterior semicircular canal 
is identified, and the posterior fossa plate between the sig- 
moid sinus and the posterior semicircular canal is thinned. 
The inferior crus of the posterior semicircular canal does 
not extend more than 12 mm inferior to the tip of the 
incus (39). The sigmoid sinus is followed inferiorly toward 
the jugular bulb. As the posterior fossa plate is thinned, 
the endolymphatic sac comes into view just posteroinfe- 
rior to the posterior semicircular canal. This structure usu- 
ally appears as a thickened, white area of dura. The bone 
overlying the sac must be removed, and its lateral wall is 
incised if desired (Fig. 152.12). Because the “lumen” of 
the endolymphatic sac is a labyrinth of small, intercon- 
nected lumina, space for the shunt is created by blunt dis- 
section. The surgeon should place a sickle knife or similar 
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Complete mastoidectomy 
via postauricular incision 


Figure 152.11 Meatoplasty following canal-wall-down 
mastoidectomy. A: Axial view of unoperated temporal 
bone demonstrating the physical relationships between 
the external auditory canal and the mastoid for compari- 
son to (B) and (C). A, Antrum. B: Axial view of temporal 
bone after canal-wall-down mastoidectomy and removal of 
some of the bone of the conchal bowl. C: Axial view after 
meatoplasty and partial obliteration of mastoid bowl with 
muscle-periosteal flap. TM, tympanic membrane on facial 
ridge; MB, mastoid bowl. 


instrument into the sac and palpate the operculum. An 
anterior margin of the sigmoid sinus may obscure a direct 
view of the endolymphatic sac. In such cases, the sinus can 
be decompressed and retracted posteriorly for visualization 
of the sac. One should be vigilant for the presence of a high 


Figure 152.12 Transmastoid exposure of endolymphatic sac. 
The endolymphatic sac is within the posterior fossa dura gener- 
ally inferior to the labyrinth and often in contact with the sigmoid 
sinus. 1, Incus; 2, SSC; 3, PSC; 4, Posterior fossa dura; 5, ELS; 6, 
SDA—sinodural angle; 7, PCW—posterior canal wall; 8, Retrofacial 
air cells; 9, Sigmoid sinus skeletonized; 10, LSC. 
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jugular bulb. This does not usually impair access to the sac, 
but its presence limits the amount of space available to the 
surgeon inferior to the posterior semicircular canal. 


TRANSMASTOID BLOCKAGE OF THE 
SEMICIRCULAR CANALS 


The posterior and superior semicircular canals can be 
obliterated through a mastoidectomy approach for the 
treatment of canalithiasis and the dehiscent superior semi- 
circular canal syndrome. Obliteration of the posterior 
semicircular canal is indicated for intractable benign posi- 
tional vertigo (40). With the recognition of the superior 
semicircular canal dehiscence (SSCD) syndrome (41), sur- 
gical approaches for its repair have been devised. Although 
most surgeons repair SSCD through the middle cranial 
fossa (42) many can be repaired by transmastoid obstruc- 
tion of the superior semicircular canal (43). 

Transmastoid obstruction of the semicircular canals 
can be achieved through a thorough mastoidectomy 
approach. As the bony capsule of the semicircular canals is 
approached, the bony trabeculae on the surface of the poste- 
rior or superior canals are removed. Once the bony labyrinth 
is identified, the perilymphatic space of the canal may be 
approached by gradually removing labyrinthine bone with 
a diamond burr and constant suction irrigation. The tech- 
niques to approach the posterior and superior canals vary. 

In the case of canalithiasis of the posterior canal, the lab- 
yrinthine bone over the canal is thinned until a “gray line” 
is visible through the thinned overlying bone. This thin 
bone can be gently picked away to create a 1 x 3 mm open- 
ing into the perilymphatic space. Fine bone chips obtained 
while drilling are then placed into the canal, collapsing the 
contents of the canal and completely occluding it. Fibrin 
glue or bone wax may be used to hold the bone chips in 
place (40); hydroxyapatite cement may also be applied. 

In the case of SSCD, the bony trabeculae between the 
bone of the lateral semicircular canal and the tegmen mas- 
toideum are removed. As trabeculae are removed, the otic 
capsule bone of the superior semicircular canal is exposed 
(Fig. 152.13). The dura is often lying low, making retraction 
necessary. Once the bone of the anterior and posterior crus 
of the superior canal is identified, they can be “gray lined” as 
described above. There is no need to expose the middle fossa 
dehiscence since manipulation of the contents of the semi- 
circular canal may damage that structure. After the bone over 
the anterior (ampulated) and posterior crura of the supe- 
rior canal are identified by drilling with a 1 or 2 mm dia- 
mond burr, this bone may be chipped away with small picks 
(opening ~1 x 2 mm) and occluded with fine bone chips 
(see Fig. 152.13). The opening into the posterior crus of the 
superior canal should be performed above the junction of 
the posterior canal (common crus) as to avoid obstruction 
of the posterior semicircular canal. Fibrin glue, bone wax, or 
hydroxyapatite cement may be used for reinforcement (43). 


Figure 152.13 Transmastoid exposure and opening of the supe- 
rior semicircular canal for obstruction of the canal. The bone over 
the anterior and posterior crura of the superior semicircular canal 
is first thinned to eggshell thickness. The canal is opened without 
disruption of endolymphatic membranes and both crura packed 
with fascia. Bone chips from drilling can be inserted over each 
graft to encourage osteogenesis (lower inset). 1, Area of dehis- 
cence; 2, Eggshelled SSC; 3, Fascia; 4, Bone dust; 5, Endolymph; 
6, Perilymph; HSC, horizontal semicircular canal; PSC, posterior 
semicircular canal. 


PETROUS APICECTOMY 


Infections of the mastoid and middle ear can spread to the 
anterior and medial segment of the temporal bone known 
as the petrous apex. Petrous apicitis is classically character- 
ized by deep retro-orbital pain, abducens nerve palsy, and 
otorrhea (Gradenigo syndrome). Cranial nerves V, VI, and 
VU may become involved (44,45). Surgical access to the 
petrous apex becomes necessary for drainage of expanding 
cholesterol granulomas and mucosal cysts, exenteration of 
infected air cells, removal of cholesteatomas, and biopsy of 
various mass lesions. 

The petrous apex takes the form of a truncated pyramid 
in the posterior skull base (Fig. 152.14A and B). It can be 
divided into anterior and posterior portions by a coronal 
plane through the internal auditory canal (Fig. 152.14C). 
Thirty percent of posterior petrous apices and 9% of ante- 
rior apices are pneumatized (46). The petrous tip is in close 
relation to Dorello canal and the trigeminal fossa anteri- 
orly. Dorello canal, formed by the petrous apex, clivus, and 
petrosphenoidal (Gruber) ligament, contains the abdu- 
cens nerve (Fig. 152.14B). The trigeminal fossa (Meckel 
cave), in the floor of the middle cranial fossa, houses the 
trigeminal (gasserian) ganglion (Fig. 152.14B). Given this 
anatomy, it is easy to see why diseases here can compro- 
mise cranial nerves V and VI. 

The classic procedures designed to access the posterior 
petrous apex include the transmastoid infralabyrinthine 
approach and the translabyrinthine approach. Procedures 
used to access the anterior petrous apex include the 
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Figure 152.14 A: Superior view of base of skull indicating the position of the petrous apex in the 
skull base. B: The petrous apex with the relative location of the internal auditory canal, structures 
at the tip of the apex and labyrinth. C: Petrous apex divided into the anterior and posterior por- 
tions. IAC, internal auditory canal; IAM, internal auditory meatus; EAC, external auditory canal; SS, 
sigmoid sinus; SPS, superior petrosal sinus; IPS, inferior petrosal sinus; TF, trigeminal fossa; PSL, 
petrosphenoidal ligament; AN, abducens nerve; CS, cavernous sinus; ELS, endolymphatic sac; FM, 
foramen magnum; PPA, posterior petrous apex; APA, anterior petrous apex. 


infracochlear approach, the transotic approach, the mid- 
dle fossa approach, and an anterior approach through the 
glenoid fossa (Fig. 152.15). Other procedures including 
the transcanal anterior approach (47), endoscope-assisted 
approach (48), and an image-guided approach through 
the sphenoid sinus (49) have also been described. Sparing 
the otic capsule surgically is preferred in patients with ser- 
viceable hearing. 

Fortunately, most lesions in the petrous apex require 
drainage rather than en bloc resection. An isolated mid- 
dle cranial fossa approach can be used when the disease 
involves the anterior petrous apex but spares the middle ear 
and mastoid. Unfortunately, this approach does not allow 
for dependent drainage. In brief, a temporal craniotomy 
is performed, the temporal lobe of the brain is retracted 
superiorly, and an extradural dissection is carried out along 
the middle fossa floor. Key landmarks in this approach 
are the arcuate eminence, the geniculate ganglion, and the 
internal auditory canal. Bone anterior to the internal audi- 
tory canal and medial to the carotid artery is removed in 
order to approach the pathology. 

The classic infracochlear approach provides direct sur- 
gical access to the anterior petrous apex. The ability to 
perform this approach depends upon aeration of the infra- 
cochlear air cell track between the cochlea and great vessels 
of the skull base (Fig. 152.15B-D). A postauricular incision 
is made and the ear retracted forward in the usual manner. 
A wide superiorly based tympanomeatal flap is elevated 
using canal incisions in the 10-o’clock and 2-o’clock posi- 
tions. The flap should be relatively long so as to cover the 
enlarged tympanic ring created by the procedure. A canalo- 
plasty is then performed, lowering both the inferior tym- 
panic ring and the floor of the external auditory canal. The 
infracochlear air cell tract must be identified. It is initially 
bordered by the basal turn of the cochlea superiorly, the 


ascending segment of the internal carotid artery anteri- 
orly, and the jugular bulb posteroinferiorly (Fig. 152.15B 
and D). A 1- or 2-mm diamond burr and suction irriga- 
tion are used to open the air cells of this tract. Once the 
biopsy or drainage procedure is complete, a silastic stent 
can be placed into the pathway to facilitate aeration. The 
tympanomeatal flap is returned to its anatomic position, 
and the ear is closed in the usual manner. A high-riding 
jugular may prohibit the use of this approach. 

The transmastoid, infralabyrinthine approach to the 
petrous apex necessitates a complete mastoidectomy and 
precise delineation of the facial nerve. The canal wall 
may be maintained in patients with adequate mastoid 
development and pneumatization. The infralabyrinthine 
air cell tract is located inferior to the posterior semicir- 
cular canal, superior to the jugular bulb, and medial to 
the facial nerve (Fig. 152.15B). This tract is opened in an 
anterior and medial direction. The route passes inferior 
to the internal auditory canal and through the region of 
the cochlear aqueduct, which, if opened, must be plugged 
to prevent a postoperative cerebrospinal fluid (CSF) leak. 
The lesion in question should be exteriorized or biopsied, 
and a silastic stent placed. Adequate review of preoperative 
high-resolution CT scans will determine whether this tract 
is present and of reasonable caliber for access. 

Patients with large lesions and no serviceable preopera- 
tive hearing are candidates for the transotic approach. This 
route provides superior access for complete removal of 
mass lesions such as cholesteatomas. The procedure begins 
with a radical mastoidectomy and labyrinthectomy in 
which semicircular canals and cochlea are removed. Great 
care is taken to delineate and protect the facial nerve (supe- 
rior and posterior), petrous carotid (anterior), jugular 
bulb (inferior), and internal auditory canal. Thinned bone 
should be preserved over these structures. The surgeon 
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Figure 152.15 A: Access to the posterior apex air cells behind the 
posterior and superior semicircular canals. FN, facial nerve. B: Access 
to the petrous apex via the infralabyrinthine air cell tract accessible 
through the ear canal or behind the fallopian canal inferior to the 
labyrinth. Co, cochlea; C, carotid artery; Arrowhead, supracochlear 
access to APA; Arrows, infralabyrinthine access to APA. C: Anterior 
approach to the anterior petrous apex through the glenoid fossa. 
C, carotid artery; Arrowhead, supracochlear access to APA; Arrows, 
infralabyrinthine access to APA; Double arrowhead, direct access to 
APA; ET, eustachian tube. D: Axial view of the temporal bone dem- 
onstrating the various approaches to the petrous apex. (Adapted 
from Chole RA. Petrous apicitis: surgical anatomy. Ann Otol Rhinol 
Laryngol 1985;94:251, with permission.) 


dissects in an anterior and medial direction. Should a 
patent cochlear aqueduct be encountered inferior to the 
basal turn of the cochlea, it must be plugged with bone 
chips, fascia, or bone wax at the end of the procedure. After 
removing the mass in question, most surgeons choose to 
obliterate the cavity with fat, plug the eustachian tube, and 
close off the external auditory canal. 

Gerek et al. (47) describe a transcanal approach for 
drainage of limited lesions in the anterior petrous apex. 
Using cadaver dissections, they suggest elevation of a wide, 
superiorly based tympanomeatal flap followed by a gener- 
ous anterior and inferior canaloplasty. The vertical segment 
of the petrous carotid is exposed and traced for 3 to 6 mm. 
The cortical bone anterior to the cochlea, between it and the 
internal carotid artery, is then drilled away with diamond 
burrs. If greater exposure of the anterior apex is required, 
the complete apicectomy of Ramadier and Lempert may be 
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performed (46,50,51). In this approach, the glenoid fossa 
must be exposed and the mandibular condyle can either 
be removed or displaced anteriorly (Fig. 152.15C and D). 
This provides access to the medial wall of the glenoid fossa. 
In the classically described procedure, the anterior external 
auditory canal wall is removed; however, it can be preserved 
in most cases. The position of the petrous carotid must be 
kept in mind as the medial wall of the glenoid fossa is 
removed using diamond burrs and suction-irrigation. All 
bone between the carotid artery and the dura of the middle 
cranial fossa is removed (Fig. 152.15C). Complete exen- 
teration of the anterior petrous apex is impossible without 
performing a labyrinthectomy, but, in most cases, drain- 
age of infected cells is sufficient to reverse the suppurative 
process (Fig. 152.15D). Although typically referred to as an 
“apicectomy,” these procedures would be more accurately 
described by the term “petrousotomy.” 


ADVANCES IN TEMPORAL BONE 
SURGERY 


Otologic surgery has had a long history of surgical innova- 
tion. Currently, many creative surgeons are suggesting fur- 
ther advances in surgical techniques. Robotic surgery may 
offer more precise control of instruments in the most deli- 
cate portions of otologic surgery (52). Technical advances 
in endoscopes may allow techniques of minimally invasive 
surgery to the discipline of temporal bone surgery (53,54). 
Additionally, Labadie et al. (55) have provided proof of 
concept studies that show that microstereotactic surgery 
may be applicable to the temporal bone. 


COMPLICATIONS AND EMERGENCIES 


Facial Nerve Injury 


The facial nerve is at risk in its labyrinthine, tympanic, and 
mastoid segments during otologic surgery (Table 152.3). 
The nerve not only takes a tortuous, sometimes-anomalous 
course through the temporal bone, but its canal may also 
be dehiscent. Heat generated by a diamond burr can injure 
the nerve without direct mechanical trauma. Constant suc- 
tion-irrigation helps dissipate thermal energy and prevents 
this complication. Landmarks such as the antrum, horizon- 
tal semicircular canal, short process of the incus, fossa incu- 
dis, cochleariform process, oval window, pyramidal process, 
chorda tympani, and digastric ridge help to locate the 
nerve. However, such landmarks may be absent or altered 
during procedures for congenital atresia or cases requiring 
revision surgery. Intraoperative facial nerve monitoring may 
be helpful in reducing the risk of iatrogenic trauma. 

If the facial nerve is traumatized during surgery, the 
extent of injury should be assessed both by direct obser- 
vation and electrical testing. The region of the suspected 
injury should be examined by decompressing the nerve 
3 to 6 mm proximal and distal to the site of injury. It 


TABLE 


COMPLICATIONS 


152.3 IR MASTOID SURGERY 


Perioperative complications 
Facial nerve injury 
Sensorineural hearing loss 
Postoperative infection 
Dysgeusia 
Brain herniation 
CSF leakage 
Bleeding 


Delayed complications 
Posterior canal breakdown 
Perichondritis 
Blue-domed cyst 
Mucosalization of mastoid bowl 
Stenosis of external canal 
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should be exposed in a 180-degree fashion. If facial 
muscle contraction can be elicited by stimulation with 
0.5 mA or less proximal to the injured area, further treat- 
ment is unnecessary. Systemic corticosteroids may be 
helpful in the postoperative period to minimize swell- 
ing. If facial movement can be elicited by stimulation 
of the nerve distally but not proximal to the injury, the 
extent of nerve disruption determines the next course of 
action. If only a few fibers are damaged, they may simply 
be returned to their anatomic position. Significant disrup- 
tion of the nerve, however, requires direct reanastomosis 
or cable grafting. When greater than 50% of the facial 
nerve was disrupted, Green et al. (9) obtained a House- 
Brackmann Grade III recovery using direct reanastomosis 
and Grade IV with cable grafting. Direct end-to-end repair 
may require facial nerve rerouting, which itself may com- 
promise nerve function. 

Unexpected facial paralysis noted postoperatively 
requires prompt attention. Weakness without frank paraly- 
sis has a good prognosis and can be treated with a taper- 
ing course of steroids. However, complete facial paralysis in 
patients where the nerve was never formally identified pres- 
ents a diagnostic dilemma. Local anesthetics administered 
preoperatively may be responsible for immediate postop- 
erative facial palsy. Therefore, surgical exploration should 
be deferred for a few hours and the patient reassessed. If 
complete paralysis persists, early exploration is usually indi- 
cated. High-resolution CT scanning may give additional 
insight into the extent and nature of the injury. The nerve 
must be clearly identified, and, if traumatized, the surgeon 
should decompress it or perform the necessary repair. 


Hearing Loss 


Iatrogenic hearing loss may be conductive or sensorineu- 
ral. Undetected disruptions of the tympanic membrane 
or ossicular chain may cause a conductive hearing loss. 
Sensorineural hearing loss can result from a variety of 
causes. Acoustic trauma from a high-speed drill (56) or suc- 
tion squeal may cause hearing loss. Transmission of high- 
frequency mechanical energy from contact between the 
drill and the ossicular chain also causes sensorineural hear- 
ing loss. If such contact is unavoidable, the surgeon should 
first disarticulate the incudostapedial joint. Inadvertent 
entry into the inner ear (semicircular canal, oval or round 
window, cochlea, etc.) and loss of perilymph/endolymph 
may result in hearing loss. If faced with cholesteatoma 
matrix overlying a semicircular canal fistula, most surgeons 
advise meticulous removal of the matrix and subsequent 
grafting with bone dust or fascia (57,58). Some recom- 
mend leaving the keratinizing epithelial cholesteatoma 
matrix over the fistula and perform a second operation in 
6 to 12 months. At that time, the residual cholesteatoma 
matrix (now a small pearl) can be removed. This second 
procedure may be safer because the field is less inflamed 
and visualization improved. 
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Vestibular Injury 


Injury to the labyrinth during tympanomastoid surgery can 
result from direct trauma or from postoperative infection. 
Ears affected by serous labyrinthitis often recover function 
over time and may benefit initially from steroid therapy. 
Suppurative labyrinthitis, however, usually destroys vestib- 
ular function. Complete unilateral vestibulopathy usually 
results in acute vertigo which resolves over the next few days 
to weeks as central compensation occurs. Some patients are 
left with mild disequilibrium that improves slowly with ves- 
tibular rehabilitation. Chronic disequilibrium may occur in 
the elderly and in those patients who do not undergo suc- 
cessful central compensation. Some patients may also expe- 
rience delayed benign positional vertigo, presumably due 
to the mobilization of otoconia within the labyrinth and 
migration into the posterior semicircular canal. 


Infection 


Surgical procedures of the mastoid and petrosa are often 
necessary because of chronic recurrent and persistent infec- 
tions. In chronic otitis media (59) and cholesteatoma (60) 
there is evidence of chronic colonization/infection with 
bacterial biofilms. These established colonies are highly 
resistant to host defenses and antibiotics. Hence, procedures 
are often performed in the presence of bacteria and fungi. 
In the presence of bacterial colonization, postoperative 
infection continues to pose a threat to successful outcomes 
in otologic surgery. Immediate concerns include dehiscence 
of the postauricular incision, failure of the tympanoplasty 
grafts, and necrosis of the external auditory canal skin flaps. 
In extreme cases, the cartilaginous structures of the auricle 
become infected. Perichondritis requires debridement of 
necrotic cartilage and administration of parenteral antibiot- 
ics. Other potential complications include suppurative lab- 
yrinthitis, facial nerve palsy, epidural or subdural abscess, 
meningitis, sigmoid sinus thrombosis, otitic hydrocepha- 
lus, and brain abscess. If an ear is grossly infected preop- 
eratively, antibiotics may be administered based on cultures 
and sensitivity data. Perioperative antibiotics are generally 
indicated for tympanomastoid procedures done for chronic 
otitis although specific evidence is lacking (61). However, 
the use of preoperative prophylactic antibiotic therapy is 
not established. In a recent Cochran review by Verschuur 
et al. (62), they concluded that there was no role for the 
use of prophylactic antibiotics in clean and clean-contami- 
nated otologic procedures. 


Dysgeusia 


Dysgeusia resulting from injury to the chorda tympani 
nerve may be quite distressing to some patients. Symptoms 
such as a metallic taste in the mouth usually improve 
with time, but patients must be warned that these taste 
alterations may persist. This may be of particular concern 


for those needing a keen sense of taste or flavor in their 
professions. Traumatized chorda tympani nerves tend to 
result in more prolonged dysgeusia than cutting the nerve. 


Cerebrospinal Fluid Leakage and 
Encephalocele 


The terms meningocele, encephalocele, and meningoen- 
cephalocele refer to herniation of meninges, brain mat- 
ter, or both outside their normal confines. In the course 
of thinning the tegmen tympani and tegmen mastoideum 
during tympanomastoid surgery, areas of dura may become 
exposed. Approaching the dura carefully using diamond 
burrs rather than cutting burrs helps to prevent complica- 
tions. Generally minor dural exposures are of little con- 
sequence. However, if larger areas of dura are exposed or 
lacerated, CSE meninges, and brain tissue may enter into 
the mastoid cavity. Elderly patients are at particular risk 
because the dura tends to thin with advancing age. These 
regions may later herniate into the mastoid or epitympa- 
num leading to delayed complications. 
Myeloencephaloceles usually present with CSF otor- 
thea, CSF rhinorrhea, a persistent clear effusion behind an 
intact tympanic membrane, hearing loss due to mass effect 
(fluid and brain matter), or infections such as meningitis 
and encephalitis. A CSF leak can occur, however, without 
herniation of meninges or brain matter. High-resolution 
CT scans with axial and coronal views help define bony 
defects in the tegmen or posterior fossa plate, and magnetic 
resonance imaging (MRI), with its excellent soft tissue res- 
olution, distinguishes brain from fluid, cholesteatoma, or 
cholesterol granuloma. MRI is also useful in evaluating the 
integrity of the dura. If fluid can be obtained, B,-transferrin 
assays may help in confirming the presence of CSE 
Conservative options for managing CSF leaks in the 
acute phase include bed rest, stool softeners, and place- 
ment of a lumbar drain for controlled CSF removal. When 
such measures fail or if the patient becomes infected, sur- 
gical options are necessary. Repairing an encephalocele 
requires resection of devitalized tissue followed by recon- 
struction of the defect. If the damage is recognized during 
the initial procedure, the defect can be repaired at that time. 
Dura is elevated in a circumferential manner around the 
defect and a fascia graft placed intracranially between the 
dura and bone. Other material forms of processed collagen 
may be suitable as well. If the CSF leak or encephalocele is 
recognized postoperatively, the precise location and size of 
the defect dictate the surgical approach. Options include 
transmastoid, middle fossa, or combination techniques. 
Small defects may be managed through the mastoidec- 
tomy itself; use of fascia with or without bone or cartilage 
reinforcement may be adequate. For larger defects, a mid- 
dle fossa craniotomy can be used. An extradural approach 
is used with temporal lobe elevation. A sheet of tempo- 
ralis fascia (or other collagen material) is placed between 
the bone of the mastoid and the dural defect. The window 


of bone harvested in the craniotomy can then be thinned 
and inserted between the fascia and the floor of the middle 
cranial fossa. Use of auricular cartilage is an alternative. 


Bleeding/Air Embolism 


Most bleeding from the sigmoid sinus or jugular bulb can 
be controlled easily using gelatin foam, Surgicel pledgets 
covered by a small cottonoid. Hemostatic matrix prepara- 
tions have also been used successfully in management of 
bleeds from the dural sinuses. However, a significant lacer- 
ation places the patient at risk for secondary complications 
such as air embolism or thrombosis of the sigmoid sinus. 
Once the bleeding is controlled, the potential for air embo- 
lism must be entertained especially if the head is elevated. 
An air bubble in the venous system that becomes trapped 
within the right ventricle can result in cardiopulmonary 
arrest. The early signs of air embolism include increased 
end-expiratory carbon dioxide, hypotension, and abnor- 
mal cardiac sounds. The surgical field should be flooded 
with saline immediately and the patient should be placed 
in the Trendelenburg (head-down) position to minimize 
further ingress of air into the vascular system. Placement 
in the left lateral position can help to reposition the air 
bubble into the right atrium or vena cava. If cardiovascu- 
lar compromise is still present after these maneuvers, the 
air must be aspirated from the vena cava using a central 
venous catheter. 

Injury to the carotid artery during tympanomastoid sur- 
gery requires immediate hemostasis by direct compression. 
Once the bleeding is temporarily controlled, emergency 
angiography should be performed. In most cases, occlu- 
sion of the carotid artery within the temporal bone by the 
interventional radiologist is indicated. Occlusion of the 
carotid artery puts the patient at significant risk for stroke. 


Delayed Complications 


Other complications of mastoid surgery include delayed 
posterior external ear canal wall breakdown, perichondri- 
tis, cholesterol granulomas, mucosalization of the mastoid 
bowl, and external auditory canal stenosis. 


= Postauricular incisions allow excellent exposure of 
the mastoid cortex. The inferior portion of the inci- 
sion must be placed more posteriorly in young chil- 
dren to avoid facial nerve injury. 

m= The mastoid antrum is located directly medial to 
Macewen triangle. 

m= The temporal line provides a topographic landmark 
for the tegmen and floor of the middle fossa. 
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The surgeon must thoroughly saucerize the mastoid 
cavity during a canal-wall-down mastoidectomy. 
Facial nerve variations and anomalies are common 
within the temporal bone, especially in patients 
with congenital ear malformations. 

The posterior musculoperiosteal flap, known as the 
Palva flap (or more appropriately, the Moser flap), 
has been successful in obliterating mastoid cavities 
especially in conjunction with bone paté. 
Saucerization, removal of the mastoid tip, oblitera- 
tion techniques, and a large meatoplasty are vital 
to obtaining a clean, dry ear in canal-wall-down 
mastoidectomies. 

Disadvantages of intact-canal-wall procedures include 
an increased risk of occult residual and recurrent 
disease. 

The endolymphatic sac can be located inferiorly 
between the posterior semicircular canal and the 
sigmoid sinus. 

The anterior petrous apex can be opened through 
the anterior epitympanum, the hypotympanum, 
and the middle cranial fossa. 
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Reconstruction of the 
Tympanic Membrane and 


Ossicular Chain 


John L. Dornhoffer 


Seeking knowledge and expertise in the art of tympano- 
plasty and ossiculoplasty can be a difficult task, in part due 
to the overwhelming number of techniques that have been 
described, but also because of the plethora of dogma and 
surgical tradition that circulates throughout the otologic 
surgery community. In the following chapter, the authors 
seek not to champion a particular set of techniques, but to 
provide a broad overview of this topic with a focus on fun- 
damental principles that apply globally. This information 
is delivered under the assertion that it is wise for otologists 
to acquire a working mastery of several techniques that 
may be applied in a customized manner based on pathol- 
ogy and conditions at hand. 


Canalplasty refers to surgical modification of the bony 
external auditory canal. This is often used as an adju- 
vant procedure in tympanoplasty to improve surgical 
access. 

Meatoplasty refers to surgical modification of the cartilag- 
inous external auditory canal and external auditory 
meatus. This is often used as an adjuvant procedure 
in tympanoplasty to provide improved postoperative 
access or to attain consistent lateral-to-medial ear 
canal size matching following canalplasty. 

Myringoplasty refers to surgical repair of the tympanic 
membrane that involves work confined to the 
drumhead only. 

Ossiculoplasty refers to surgical modification of the ossicu- 
lar chain, including reconstruction and mobilization. 

Tympanoplasty refers to surgical repair of the tympanic 
membrane in combination with work within the tym- 
panic cleft, such as ossiculoplasty, middle ear explo- 
ration, or lysis of tympanic adhesions. Traditionally, 
elevation of the annulus within a tympanomeatal 
flap has served as a practical boundary that differen- 
tiates tympanoplasty from myringoplasty. 


Michael B. Gluth 


Tympanoplasty techniques were classically outlined by 
Zollner (1) and Wullstein (2). Subsequent modifica- 
tions of Wullstein’s classification have been based on the 
underlying properties of acoustic mechanics associated 
with each tympanoplasty type as opposed to classification 
based on underlying tympanic and ossicular pathology. 
Understanding this classification system is helpful not only 
for purposes of grasping a global and historical view of 
tympanic membrane and ossicular chain reconstruction, 
but also for understanding basic principles of middle ear 
acoustic mechanics. 


Type I Tympanoplasty 


This procedure involves repair of the tympanic membrane 
in the setting of an intact native ossicular chain. At most, 
manipulation of the ossicular chain is limited to interven- 
tions aimed at improving mobility, such as lysis of tym- 
panic adhesions or removal of tympanosclerotic foci. 


Type II Tympanoplasty 


This procedure involves repair of the tympanic membrane 
in combination with any type of ossiculoplasty proce- 
dure that preserves the integrity of the malleoincudal lever 
mechanism. The most common example of this is repair 
of a dysfunctional (eroded) incudostapedial articulation. 
Tympanoplasty with delayed staged ossiculoplasty consist- 
ing of an incus-grip stapedotomy could also be considered 
a subgroup within this category. It is perhaps worth noting 
that these modern depictions of type II tympanoplasty dif- 
fer somewhat from the classic description that was devised 
to deal with the uncommon scenario of isolated malleus 
erosion, wherein tympanic membrane grafting is applied 
directly upon the intact long process of the incus. 
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Type III Tympanoplasty 


This procedure involves repair of the tympanic membrane 
in combination with any type of ossiculoplasty procedure 
that does not preserve the integrity of the malleoincudal 
lever mechanism. Type III tympanoplasty includes the 
vast majority of techniques described for routine ossicular 
chain reconstruction. Accordingly, type II. tympanoplasty 
classification has been further subdivided according to 
ossiculoplasty technique. 


Stapes Columella Subtype 

This type III tympanoplasty involves placement of a tym- 
panic membrane graft directly onto the superstructure of 
the stapes without the use of a prosthesis or any other sub- 
stantial interpositional material. 


Minor Columella Subtype 

This involves the use of an interpositional graft or pros- 
thesis to establish continuity between the tympanic mem- 
brane and the superstructure of the stapes. Examples of this 
include the use of a synthetic partial ossicular replacement 
prosthesis (PORP) or sculpted ossicular (incus or malleus 
head) autograft. Interpositional ossiculoplasty techniques 
that employ a lateral contact point with the malleus manu- 
brium also fall within this subtype. 


Major Columella Subtype 

This procedure is exactly the same as the minor columella 
subtype except that the stapes superstructure is absent; thus, 
with a major columella subtype the interpositional graft or 
prosthesis is set upon the stapes footplate. An example of 
this is use of a synthetic total ossicular replacement pros- 
thesis (TORP). Tympanoplasty with delayed staged ossicu- 
loplasty that consists of a malleus-grip stapedotomy could 
also be considered to fall within this subtype. 


Type IV Tympanoplasty 


This procedure involves repair of the tympanic membrane 
in such a manner that the boundary between the mucosal- 
ized middle ear space and the epithelialized lateral com- 
partment (external auditory canal, open mastoid cavity, 
epitympanum) is shifted in a way that renders the stapes 
footplate externalized as part of the latter. As a result, the 
tympanic cavity is divided into a smaller-than-normal aer- 
ated space in continuity with the eustachian tube, termed 
the cavum minor, in which the round window is acous- 
tically shielded, and an external component in which the 
mobile stapes footplate is covered by a thin epithelial layer 
and is directly exposed to incoming sound energy. 


Type V Tympanoplasty 


This procedure is the same as the type IV tympano- 
plasty, except that it also includes the need to address 
an underlying immobile stapes footplate and, therefore, 


is generally performed in a staged manner once active 
infectious disease is controlled. Historically, fenestration 
of the lateral semicircular canal was described as part of 
this procedure to counteract stapes fixation; however, total 
footplate removal and a soft tissue seal have generally 
replaced fenestration. 


PHYSIOLOGY: MECHANISMS OF GAIN 


The modern view of middle ear acoustic science involves 
two basic pathways by which sound is able to stimulate the 
inner ear (3,4). The first involves transmission of sound 
pressure through the tympanic membrane and ossicu- 
lar chain via the oval window. This is known as ossicular 
coupling. This mechanism is the primary means by which 
the state of impedance mismatch that exists between the 
air in the ear canal (low impedance) and the fluid within 
the cochlea (high impedance) is overcome. In such a state, 
sound pressure is deflected during passage through the air— 
fluid interface, resulting in a loss of gain in the realm of 
30 dB. The coupling effect of the tympanic membrane and 
ossicles almost overcomes this loss. 

Ossicular coupling has been attributed to the col- 
lective effect of three characteristics of the tympano- 
ossicular mechanism traditionally known as the acoustic 
transformer theory (5). The first and most significant of 
these characteristics is the hydraulic lever effect that results 
from the difference between the surface area of the tym- 
panic membrane relative to that of the oval window 
(usually a ratio of nearly 21:1). This effect results in 
compression of sound energy and increase in force at 
the oval window, equating to a theoretic approximate 
increase in gain of 26 dB. The second characteristic is 
the malleoincudal lever effect that results from the differ- 
ence in length between the malleus manubrium relative 
to that of the long process of the incus along the axis of 
ossicular rotation (a ratio of 1.3:1). However, this effect 
only accounts for an additional 2 dB theoretical increase 
in gain. The final factor is the so-called catenary lever 
effect that is generated by the elastic stretching of the 
tympanic membrane from the annulus to the malleus 
manubrium—somewhat akin to the stretched strings 
across a tennis racquet. The specific degree of acous- 
tic benefit derived from the catenary effect is not well 
understood but probably lies within a range similar to 
that of the malleoincudal lever. 

It is important to recognize that, in reality, ossicular 
coupling is a much more complex phenomenon than what 
is suggested by these simplified traditional models as they 
do not account for factors such as variation in efficiency 
with changes in frequency or inefficiencies in sound trans- 
mission through the tympanic membrane and ossicular 
chain attributed to the inherent tension or laxity of the 
ossicular ligaments. Thus, it is perhaps not surprising that 
the 25 to 30 dB of gain that is predicted by the acoustic 
transformer theory does not equate well with experimental 
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measurements, which suggest an actual more modest 
increase in the realm of just over 20 dB (6-8). 

The second pathway of sound stimulation of the 
inner ear involves direct passage of sound pressure via 
the oval and round windows without involvement of the 
tympanic membrane or ossicular chain. This is known 
as acoustic coupling (4). Given an intact tympanic mem- 
brane and functional ossicular chain, this pathway is of 
only minor importance. However, in the various condi- 
tions of a diseased ear, acoustic coupling can be impor- 
tant. This is why, for example, a conductive hearing loss 
will be greater in the case of ossicular discontinuity and 
an intact tympanic membrane (60 dB) compared with 
ossicular discontinuity and an absent tympanic mem- 
brane (40 to 50 dB). With the former, the intact tym- 
panic membrane restricts the acoustic coupling pathway 
by blocking direct access of sound pressure to the oval 
and round window membranes. 

A final relevant consideration in middle ear acoustic 
mechanics is that of phase. A sound stimulus to the inner 
ear is detected as the net difference in sound pressures 
applied to the round and oval windows that results in 
movement of intracochlear fluids. If these sound pressures 
are simultaneously applied to the round and oval windows 
with equal amplitude and phase, they will counteract each 
other and no resultant intracochlear fluid displacement 
will occur. In the normal situation, this does not occur 
due to the unbalanced selective effect of ossicular coupling 
upon the oval window, the acoustic shielding effect of the 
tympanic membrane upon the round window, and the 
uneven anatomical positioning of the round window ver- 
sus the oval widow relative to incoming sound. However, 
when the tympano-ossicular mechanism is absent and 
acoustic coupling is primarily relied upon (as in the case of 
a type IV or V tympanoplasty), an unshielded round win- 
dow can yield significant negative acoustic consequences 
due to phase cancellation (4). 

A simplified chart depicting the theoretic ideal acoustic 
effects of various tympano-ossicular scenarios is shown in 
Table 153.1. 


PREOPERATIVE EVALUATION 


When a patient is considered for tympanoplasty or ossi- 
culoplasty, a thorough history, examination, and audio- 
metric evaluation should be performed on both ears. 
Otoscopy and pneumatic insufflation under the binocular 
microscope, following careful removal of debris, provide a 
wealth of information. The results of the audiogram should 
always be correlated with the physical exam, including 
Weber and Rinne tuning fork tests, especially when a mask- 
ing dilemma is present. If the audiogram and tuning fork 
exam do not agree, surgery should not be performed until 
this is reconciled. 

A preoperative audiogram can be helpful in suggesting 
underlying pathology. Generally, a perforation will cause 
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a conductive hearing loss between 5 and 40 dB depending 
on its characteristics (9). Controversy exists as to whether 
or not the location of a perforation impacts the degree of 
hearing loss, yet perforation size and underlying middle 
ear volume do matter (an ear with a smaller volume tends 
to have worse hearing than one with a larger volume, even 
given identical perforations). 

When the tympanic membrane is intact, a conductive 
hearing loss greater than 35 to 40 dB strongly suggests the 
possibility of ossicular chain dysfunction. Furthermore, 
the pattern of hearing loss may be typical of particular 
scenarios; for example, ossicular fixation generally causes 
a low-tone conductive hearing loss, the degree of which 
is related to the extent and location of the fixation. With 
malleus head fixation, the low-tone air-bone gap gener- 
ally closes at the higher frequencies, whereas stapes fixa- 
tion tends to affect the middle and high frequencies to a 
relatively greater degree (10). 

The status of the eustachian tube will impact surgical 
outcomes, yet there is no consensus on the optimal way 
to reliably assess its function (11). Auto-inflation using the 
Valsalva or Toyenbee maneuver is helpful, albeit a non- 
physiologic test of tubal patency. The clinical status of the 
contralateral ear likewise can provide insight into tubal 
maturity and function in the diseased ear (12). As part of 
the eustachian tube evaluation, the nose should be exam- 
ined so that allergy, adenoiditis, and rhinosinusitis can 
be treated in an effort to promote optimized tubal func- 
tion (13). Furthermore, aggressive medical treatment of 
infection involving the ear itself should be undertaken 
prior to surgery, including aural toilet and ototopical agent 
application. When an ear will not dry with medical ther- 
apy, culture acquisition may be useful in helping to iden- 
tify antimicrobial-resistant pathogens. 

Once patient assessment is complete, a few general rules 
should be applied to surgical candidacy. First, one should 
avoid elective surgery on an only-hearing ear as much as is 
reasonably possible. Exceptions to this would be situations 
where surgery is primarily confined to the tympanic mem- 
brane, and drilling or significant ossicular manipulation is 
unlikely, or when a perforation is contributing to difficulty 
with hearing aid usage. Also, cases that involve disease pro- 
cesses that impart risk of hearing loss, such as cholestea- 
toma, will generally warrant intervention. Second, when 
bilateral disease is present, surgery should be undertaken 
on the worse-hearing ear in the absence of any other com- 
pelling reason to do otherwise on account of underlying 
disease. Finally, special consideration should be given to 
the timing of surgery in the pediatric patient. 

Age as a prognostic factor in tympanoplasty is contro- 
versial, with contradicting reports present in the litera- 
ture (14,15). The authors’ approach to pediatric patients 
is to avoid repairing the tympanic membrane during the 
otitis-prone years (<3 years). If the contralateral ear is 
normal, routine tympanoplasty is considered at age 4 for 
an ear that is dry or only occasionally drains with water 
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contamination (16). However, if the contralateral ear is 
abnormal at this time, adenoidectomy is considered and 
tympanoplasty is deferred until the contralateral ear reaches 
stable quiescence or the patient reaches age 7. If contralat- 
eral disease is still present at this time, a more aggressive 
technique, such as cartilage tympanoplasty, is performed 
on the worse-hearing ear. The second ear is repaired several 
months later, but only after the first ear is documented to 
have a stable satisfactory outcome and is not expected to 
require further surgery. 


TYMPANOPLASTY 


General Principles 


Modern tympanoplasty techniques all have common 
ground in that they endeavor to reconstruct the deficient 
middle fibrous layer of a tympanic membrane perforation 
with graft materials that then act as a scaffold for lateral 
epithelial growth. Although simplified myringoplasty tech- 
niques that utilize non-grafted temporary scaffold mate- 
rials, such as a thin paper patch, can be used for small 
perforations, they are relatively limited in application and 
simple to learn. Thus, patch myringoplasty techniques are 
not a focus of this discussion. 

The common goals of tympanic membrane repair are to 


m Create a barrier between the dry lateral epithelialized 
compartment (drumhead, external auditory canal, open 
mastoid cavity) and the moist medial mucosalized com- 
partment (middle ear, eustachian tube) 

m Provide reinforcement to correct tympanic membrane 
weaknesses in order to resist future disease processes 
(atelectasis, perforation) 

m Create an optimized sound-conducting platform for 
ossicular coupling or a round window shield for acous- 
tic coupling depending on tympanoplasty type 

m Create a contour favorable for outward keratin debris 
migration 


Applied Tympanic Membrane Mechanics 


The tympanic membrane is the major element of the 
middle ear transformer mechanism and acts as a barrier 
between the sound pressure of the ear canal and middle 
ear. Its motion, which has been studied with laser vibrome- 
try and stroboscopic holography, is both complex and vari- 
able depending on the frequency of stimulation (17,18). 
At frequencies up to 1,000 Hz, the tympanic membrane 
tends to vibrate in one consolidated phase, but as fre- 
quency rises further, its vibration splits into a state of phase 
subdivision, with overall diminished efficiency. 

While it is intellectually satisfying to assert that recon- 
struction of the tympanic membrane must endeavor to 
exactly recreate these native vibratory patterns, in truth it is 
unknown if this is possible or even necessary. Numerous 
tympanic membrane graft materials have been used that are 
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quite dissimilar to the native drumhead in rigidity and thick- 
ness, yet excellent acoustic outcomes have been attained. 
For example, reconstruction with large cartilage grafts has 
been reported to result in hearing outcomes equal to those 
with more pliable temporalis fascia (15,19-21), including 
occurrences of complete air-bone gap closure in the speech 
frequencies. Further complicating the situation is uncertainty 
regarding the interplay between an aphysiologic recon- 
structed tympanic membrane and the underlying aphysi- 
ologic reconstructed ossicular chain in collectively providing 
acoustic gain (22). Gaps between observed clinical outcomes 
and predicted tympanoplasty outcomes based on tympanic 
membrane acoustic models highlight the fact that there is 
still much to be learned. 


Surgical Exposure 


The importance of assuring proper visualization and expo- 
sure in order to surgically manipulate the tympanic mem- 
brane and middle ear may seem obvious, but if taken for 
granted, surgical results can be compromised. Line-of-sight 
visualization in itself does not always signify adequate 
exposure. The surgeon must assure that instruments are 
allowed to enter the microscopic field at a sufficiently 
open lateral angle so as not to impede binocular vision or 
require awkward manipulation. Although minimally inva- 
sive approaches can be desirable, these should only be uti- 
lized if they provide equally sufficient access and exposure 
to the surgical target. The morbidity associated with even 
the widest tympanoplasty access route (postauricular with 
canalplasty) is generally not high. Table 153.2 provides a 
suggested guide for choosing appropriate access for tym- 
panic membrane repair. One noteworthy consideration is 
that when a perforation involves the anterior drumhead, 
wide exposure via a postauricular incision and, when 
needed, a canalplasty may be helpful. 


Canal Incisions 


Numerous sites for canal incisions have been described to 
raise a tympanomeatal flap, and generally these are chosen 
according to the anticipated surgical plan. Many surgeons 
have traditionally insisted upon preservation of the poste- 
rior-superior “vascular strip” of canal skin or avoidance of 
transecting the tympanic annulus. However, many of these 
dictums seem to be routinely ignored by accomplished otol- 
ogists with little if any apparent negative consequence. In 
reality, quality surgical execution and careful atraumatic han- 
dling of canal skin are probably the key factors to a success- 
ful outcome regardless of how this is done (see Fig. 153.1). 


Preparing the Drumhead 


Prior to graft placement, the tympanic membrane 
should be prepared to maximize the chances of graft 
take and rapid epithelialization. This typically involves 
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TABLE 
1-4) MEMBRANE REPAIR 


Transcanal 


Endaural 


Postauricular 


Postauricular 
with Canalplasty 


freshening the margins of the perforation with cold knife 
rim resection or laser application in order to encourage 
sprouting of new microvasculature. As a general rule, it is 
better to be aggressive in completely removing unhealthy 
portions of the tympanic membrane than to attempt 
incorporation of them into the reconstruction process. 
This includes myringitis (particularly important), tympa- 
nosclerotic plaque, scar, and old graft material. Pathologic 
adhesions between the drumhead and middle ear should 
also be released. 


Choosing, Preparing, and Shaping the Graft 


The most commonly used tympanic membrane grafting 
material is temporalis fascia, which is desired for its pli- 
ability. This is harvested, via either an endaural or post- 
auricular incision, as the glistening whitish layer of fascia 
immediately overlying the temporalis muscle fibers. After 
harvest, this is generally pressed thin and set aside for dry- 
ing, which may promote ease of trimming and placement. 
Readily available alternatives to temporalis fascia that are 
also thin and pliable include pressed perichondrium, peri- 
osteum, and muscle. Cadaveric acellular dermal matrix 
(AlloDerm, LifeCell Corp, Branchburg, NJ) (23) has also 
been used with success and may be particularly useful for 
simple in-office tympanoplasty procedures where harvest 
of a tissue graft is not desired. 

Auricular cartilage grafts are very useful in tympano- 
plasty (24,25) and may be harvested from various sites, but 
are typically harvested from the tragus and the cymba with 
the overlying perichondrium intact. These can be applied 
with or without perichondrium or the concurrent use of 
fascia; however, the authors’ bias is to apply cartilage grafts 


SUGGESTED ROUTES OF ACCESS FOR TYMPANIC 


¢ Patch myringoplasty (office procedures) 
* Small posterior underlay tympanoplasty 


¢ Underlay tympanoplasty without significant anterior 
component 


° Underlay tympanoplasty 


* Underlay tympanoplasty with large anterior component 
* Overlay tympanoplasty 


that have been stripped of perichondrium on the medial 
surface but have adherent perichondrium or overlying 
fascia on the lateral surface (26). In the authors’ experi- 
ence, such grafts tend to be much more resistant to involve- 
ment with postoperative middle ear adhesions than either 
fascia or perichondrium. 


A 


Figure 153.1 Canal incisions. A: The classic vascular strip inci- 
sion involves preservation of the posterior canal skin to within a 
few millimeters of the annulus. 
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Figure 153.1 (Continued) B: A “book page” flap provides particularly good access for graft place- 
ment by dividing the annulus with an incision through the canal skin and tympanic membrane into 


\" 


the perforation. C: A “ship sail” flap is larger at the superior aspect and is particularly useful when 
wide curettage of scutum bone results in the need for extra tympanomeatal flap length for cover- 
age. D: Modified canal incisions for underlay tympanoplasty can incorporate both a standard tym- 
panomeatal flap as well as a separate anterior canal incision to elevate the annulus and anchor the 
graft. (Continued on next page) 
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Figure 153.1 (Continued) E: Overlay tympano- 
plasty requires incisions that afford removal of the 
anterior canal wall skin to allow access for canalplasty. 
F: Overlay tympanoplasty incisions can be modified 
to allow wider removal of canal skin if desired. 


When the use of a composite perichondrium-cartilage 
island graft is desired, perichondrium is usually stripped 
off of one side, and the remaining cartilage is cut to the 
desired shape as an “island” upon the preserved opposite 
side (see Fig. 153.2). If used for repair of a large perfora- 
tion, a composite island graft is shaped into a thin circu- 
lar disk 8 to 9 mm in diameter, with a notch cut to cradle 
the malleus manubrium and tails of perichondrium on 
the periphery that can be anchored on the external audi- 
tory canal wall under the annulus. For optimized acoustics, 


a cartilage graft thickness of 0.7 mm or less is preferable; 
however, if shaved too thin, undesirable curling of the graft 


may occur. 

The choice of graft material is made based on the com- 
plexity of the reconstruction and the activity of any under- 
lying chronic ear disease. In higher risk situations, cartilage 
tympanoplasty techniques may provide more durable 
results (27,28). A high-risk perforation might be consid- 
ered one that is larger than 50%, an anterior perforation, 
a perforation draining at the time of surgery, a recurrent 
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Figure 153.2 Composite perichondrium-cartilage island graft. A: A composite perichondrium- 
cartilage island graft is formed by stripping perichondrium off a single side of the graft. The carti- 
lage is then cut to the desired shape and size without violating the remaining perichondrium. For 
total tympanic membrane reconstruction, the preferred diameter of the graft is 8 to 9 mm. A 1-mm 
central strip of cartilage is removed to accommodate the malleus handle and to allow posterior graft 
elevation for ossiculoplasty. The remaining peripheral perichondrial “apron” is set over the canal 
wall bone. B: Cross section of a perichondrium-cartilage island used as an underlay graft. 


perforation (29,30), or a perforation in the setting of per- 
manent absent eustachian tube function. Other situations 
where cartilage is useful are the atelectatic ear, retraction 
pockets, and cholesteatoma as re-atrophy and perforation 
are common over the long term when fascia is used solely 
in the reconstruction (31). 

Mini split-thickness skin grafts may also be used as an 
adjuvant in tympanoplasty. Although it is generally not 
advisable to graft the entire reconstructed drumhead due 
to the potential for dysfunctional postoperative epithelial 
migration, small grafts (4 mm or less in any dimension) 
tend to incorporate well with adjacent native epithelium. 
When utilized, these grafts are best rendered very thin and 
positioned partially upon the intended tympanic graft 
target and at least partially upon adjacent healthy canal 
bone. Instances where mini split-thickness skin grafts 
may be particularly useful include correction of tympanic 
membrane blunting, repair of total tympanic membrane 
defects, removal of chronic granular myringitis, and treat- 
ment of tympanic slag injury. 


Underlay Repair 


Underlay tympanoplasty is the most widely used tympanic 
membrane repair technique and is suitable for perfora- 
tions of all sizes and locations (see Fig. 153.3). The concept 
of underlay grafting involves placement of graft material 
immediately underneath the residual native drumhead in 
a manner that accounts for the entire defect and all per- 
foration margins. Three forces typically support this graft. 


First, medial support is obtained via absorbable middle 
ear packing material. Second, adhesion occurs between the 
graft and the undersurface of the adjacent native drumhead 
and between the graft and lateral packing material through 
the perforation. Finally, the peripheral aspect of the graft 
is anchored in place between the tympanic annulus/ 
canal skin and the underlying bone of the external audi- 
tory canal. Anchoring almost always involves the posterior 
canal wall and tympanomeatal flap but has also been 
described at various anterior points (32,33). 

The advantages of underlay grafting include simplicity, 
rapid execution, and a high rate of reported success. However, 
failures do occur, and these are most often related to overreli- 
ance on middle ear packing materials. If peripheral annulus 
anchoring is insufficient, packing may fail to prevent medial 
(inward) graft displacement and point separation of the graft 
from the perforation edge. This seems to be a particular risk 
when repairing an anterior or near-total perforation. In the 
authors’ experience, large rigid cartilage grafts are less likely 
than fascia or perichondrium to displace medially. 

Another theoretic negative consequence of underlay 
grafting relates to development of postoperative middle 
ear adhesions and tympanosclerosis. When middle ear 
mucosa is denuded, the large volume of middle ear pack- 
ing required for underlay graft support harbors the poten- 
tial to increase scar formation between the walls of the 
middle ear cleft and the undersurface of the drumhead. 
Additionally, redundant margins of underlay graft that lie 
in contact with the ossicular chain have the potential to 
adhere and negatively affect ossicular mobility. 
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Figure 153.3 Underlay tympanoplasty. A: The rim of the perforation is freshened. B: The tympa- 
nomeatal flap is raised and middle ear work completed as needed, including palpation of the os- 
sicular chain. C: The graft is set in an underlay fashion to account for all margins of the perforation. 
D: After application of middle ear packing to support the graft medially, the tympanomeatal flap is 
returned to the anatomical position, with perforation closure assured. 


Overlay Repair 


The basic concept of overlay or “lateral grafting” involves 
de-epithelialization of the tympanic membrane remnant 
while preserving what exists of the native middle fibrous 
layer. This preserved middle layer remnant is then used as 
partial medial support upon which grafting materials are 
set (see Fig. 153.4). Overlay techniques are robust and can 
be applied to all perforations, but they are especially useful 


in dealing with anterior and near total defects (34). They 
have the advantage of being relatively resistant to graft fail- 
ure due to inadequate medial support and inward graft 
migration during the healing phase sometimes seen with 
underlay techniques. 

Most common overlay graft techniques are combined 
with canalplasty to remove the bulge of the anterior canal 
wall. De-epithelialization of the tympanic membrane is 
often undertaken as part of the process of exposing the 
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Figure 153.4 Overlay tympanoplasty. A: With exposure of the canal wall for canalplasty, all lateral 
epithelial components of the remnant tympanic membrane are dissected free. B: The graft is shaped 
with a notch for the malleus to account for the entire surface of the tympanic membrane. C: The 
graft is placed medial to the malleus handle to prevent lateralization and then draped over the canal 
wall on the periphery, lateral to the fibrous tympanic membrane remnant. (Continued on next page) 
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D Ledge drilled at anterior annulus 


Figure 153.4 (Continued) D: Cross section of overlay graft in 
place. Of note, the anterior canal wall must be drilled with a groove 
to open the acute anterior tympanomeatal angle. This area is also 
tightly packed. E: If epithelium is left on the remnant tympanic 
membrane, an intratympanic keratin cyst may result. F: Inadequate 
packing or drilling of the anterior canal wall can result in blunting. 
Functionally, this becomes a problem when the malleus handle 
becomes fixed to the anterior canal wall by scar tissue. 


bone of the anterior canal wall for drilling, wherein the 
canal skin is elevated in continuum with the epithelial 
remnants of the drumhead. Usually, this canal wall skin 
is removed and reset near the end of the surgery as a free 
graft. Care should be taken that all epithelial remnants 
have been removed prior to graft overlay in order to pre- 
vent development of intratympanic keratin inclusion cysts. 

It is important to understand that canalplasty is per- 
formed with overlay grafting not only to provide adequate 
exposure to the anterior tympanic ring, but also to open 
the acute anterior tympanomeatal angle between the 
anterior canal wall and drumhead in an effort to prevent 
postoperative blunting of this area. Blunting can be func- 
tionally understood as dense scarring of the anterior tym- 
panic membrane that results in reduction of the functional 


surface area of the drumhead and “pseudo-malleus fixa- 
tion” caused by adhesion between the manubrium and the 
anterior canal wall. This risk can be minimized not only by 
canalplasty, but also by strategically packing this area after 
graft placement. 


Unique Situations 


Atelectasis 

Tympanic membrane atelectasis may require augmenta- 
tion with an underlay graft (usually cartilage) or, rarely, 
drum replacement (14). As a general rule, when atelectasis 
is limited and has not resulted in the need for ossiculo- 
plasty, medical management to promote eustachian tube 
function or tympanostomy tube placement is sufficient. 
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Surprisingly, even some cases of severe atelectasis will cor- 
rect with the combination of nitrous oxide induction anes- 
thesia, microsuction manipulation, tympanic intubation, 
and time. However, when these measures have failed and 
ossiculoplasty is inevitable, or when cholesteatoma risk 
is high due to incompletely visualized retraction pockets, 
tympanoplasty is generally required. One challenge unique 
to this scenario is that long-standing severe retractions can 
be quite difficult to evert and completely remove from 
areas such as the sinus tympani, hypotympanum, or the 
ossicular chain. The laser can be a useful tool for removal 
of disease from an intact and mobile ossicular chain in 
these cases. If hearing is reasonable, some surgeons prefer 
to watch these patients closely rather than risk generating a 
cholesteatoma by failing to remove all adherent tympanic 
membrane epithelial remnants. 


Lateralized Tympanic Membrane 

As a complication of tympanoplasty, it is possible for the 
tympanic membrane to undergo unfavorable healing and 
scar formation that may result in postoperative lateral- 
ization of the tympanic membrane. When this occurs, 
the drumhead is typically not coupled to the underlying 
ossicular chain, thereby resulting in a large-volume con- 
ductive hearing loss. Lateralization is particularly a con- 
cern when tympanic membrane reconstruction does not 
involve graft placement medial to an intact stable malleus 
handle or when there is a prominence of circumferential 
bare external auditory canal bone. Aside from anchoring 
the tympanic membrane graft to the malleus handle with 
an underlay placement, other techniques helpful in deal- 
ing with lateralization include secure underlay anchoring 
of the graft under the tympanic annulus. Cartilage tym- 
panoplasty techniques have proven particularly useful in 
this situation as the rigid material allows precise fixation 
medial to the bony annulus (35). Bringing the lateralized 
tympanic membrane to a more normal position often 
involves removal of the lateralized membrane, reestablish- 
ment of a new graft using underlay techniques, and the use 
of small full- or split-thickness skin grafts to cover exposed 
external canal bone in order to promote rapid healing and 
minimize the scar formation that leads to lateralization. 


Open Mastoid Cavity 

Successful tympanic membrane repair in the setting of a 
canal wall-down mastoid procedure requires attention to 
a few unique considerations. When an open mastoid cav- 
ity is created, the epitympanum is exteriorized; thus, the 
anchored boundary of the tympanic membrane margin is 
shifted medially in the posterior and superior aspects where 
the bony canal wall and tympanic ring have been removed. 
Typically, the bony canal of the tympanic and mastoid seg- 
ments of the facial nerve form convenient new marginal 
boundaries for the neo-tympanic membrane in these supe- 
rior and posterior aspects, respectively. Ideally, this should 
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be achieved by complete lowering of the facial ridge of 
bone overlying the second genu and mastoid segment. 

One oft-neglected aspect of neo-tympanic membrane 
creation in a canal wall-down situation is that exterior- 
ization of the epitympanum usually involves opening the 
anterior supralabyrinthine communication with the supra- 
tubal recess. If this opening, located anterior to the tensor 
tympani tendon, is not recognized and accounted for with 
graft material, barrier separation between the moist middle 
ear mucosa and the epithelialized open mastoid cavity will 
not occur, and a source of moisture that acts as a de facto 
tympanic membrane perforation will lead to future open 
cavity instability. 

A final consideration in canal wall-down neo-tympanic 
membrane repair relates to the resultant diminished mid- 
dle ear volume, wherein much of the undersurface of the 
new drumhead is brought into relative proximity with 
the promontory and other middle ear structures. As such, 
postoperative negative middle ear pressure and retraction 
are much less well tolerated than in an intact canal wall 
situation as there is very little open space to buffer con- 
tact and adhesion formation. The use of cartilage grafts to 
resist retraction is particularly helpful in this situation. The 
authors favor the use of a large composite perichondrium- 
cartilage island graft such that residual perichondrial edges 
drape over the facial ridge and seal the middle ear space as 
part of a type III tympanoplasty with a direct stapes colu- 
mella (36) or a synthetic prosthesis. 


OSSICULOPLASTY 


General Principles 


While it is generally possible to ascertain the need for ossi- 
culoplasty during the preoperative evaluation based on the 
audiogram and physical exam, one should be prepared for 
this contingency in every middle ear case. In addition, it 
should be considered routine practice to inspect the ossic- 
ular chain visually and mechanically every time the middle 
ear is entered. This can be performed with gentle palpa- 
tion of the malleus, taking note of concomitant movement 
of the stapes and visualization of the round window reflex 
(movement of the membrane and fluid in the niche with 
palpation of the chain). 

The goal of ossiculoplasty is to reconstruct the sound- 
conducting connection between the inner ear and tympanic 
membrane. This reconstruction should have immediate 
stability and long-term durability. It should also comply 
with as many of the gain-benefit principles of ossicular 
acoustic mechanics as is practical. The durability of ossicu- 
loplasty is difficult to predict and is influenced heavily by 
the quality of the middle ear environment and activity of 
any related underlying disease process. 

The timing of ossiculoplasty is controversial with 
respect to whether or not it should be performed primar- 
ily alongside repair of the tympanic membrane or as part 
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of a staged process. The benefit of staged surgery is that 
ossicular reconstruction can be applied to a favorable 
environment in which the dimensions of the tympanic 
membrane relative to the middle ear are stable and a quiet 
middle ear mucosal envelope is present. When a second 
stage is planned after canal wall-up cholesteatoma surgery 
or when the middle ear environment is particularly hos- 
tile (active infection, fibrotic mucosa, revision surgery), a 
staged approach is logical. In such instances, temporary 
silastic sheeting is placed within the middle ear during 
primary tympanic membrane repair to prevent adhesions 
between the undersurface of the drumhead and the medial 
aspect of the middle ear. Theoretical benefits notwithstand- 
ing, the authors’ preference is to perform primary ossi- 
culoplasty alongside tympanic membrane repair in most 
cases. In doing so, excellent results are still typical while 
avoiding the cost and inconvenience of further surgery. In 
the rare instance of an unacceptable hearing result after 
primary ossiculoplasty, revision surgery can still be easily 
performed while utilizing the original ossicular prosthesis. 


Ossiculoplasty Materials 


A variety of autograft, homograft, and synthetic ossiculo- 
plasty materials are currently used or have been tried in the 
past. Autologous ossicular grafting techniques have been 
used extensively, are the most biocompatible, and tend to 
maintain their configuration over time through bone sub- 
stitution (37). Cortical bone grafts show good biocompat- 
ibility, but in the authors’ experience, are more likely than 
ossicular grafts to undergo absorption over the long term, 
especially in a hostile middle ear environment. Autologous 
cartilage is biocompatible and has been used in cases 
when the space to be reconstructed is small; for example, 
this material can be used as a stapes height extender in a 
canal wall-down reconstruction. However, concerns about 
graft acquisition of chondromalacia over the long term 
have limited the authors’ use of autologous cartilage for 
major reconstructions between the stapes and malleus. 
Homologous cadaveric bone and cartilage grafts have also 
been used successfully in middle ear surgery, but the cost 
of preparation and risk of disease transmission have made 
these materials progressively less popular. 

Numerous synthetic materials have been used in 
ossicular implants (38,39). Porous high-density polyeth- 
ylene was used in several early implants; however, these 
implants were frequently associated with processes that 
have negative implications, such as micro-degradation 
and giant cell formation. Thus, other implants have been 
developed using plastics, bioactive glass, stainless steel, 
gold, titanium, and hydroxylapatite (the last two currently 
being most common in the United States and Europe). 
Promising short-term results continue to be published for 
most of these materials (40-43), but the long-term histo- 
logical fate is uncertain in many instances. The extrusion 
rates of synthetic implants are generally higher than autol- 
ogous materials (44). 


Applied Middle Ear Mechanics 


As discussed previously, by far the most important mecha- 
nism of acoustic gain will come from reestablishment of 
the hydraulic lever, derived from the surface area ratio of 
the tympanic membrane to the oval window, by coupling 
the reconstructed tympanic membrane to the stapes foot- 
plate. Reestablishment of the catenary lever is also often 
possible by utilizing the manubrium of the malleus in 
the reconstruction of both the tympanic membrane and 
ossicular chain. Recent basic science research using infra- 
red laser vibrometry as well as retrospective clinical studies 
on ossiculoplasty suggest that incorporating the malleus in 
the reconstruction provides increased acoustic gain (45). 
However, since gain derived from catenary effects is sever- 
alfold less than that derived from the hydraulic lever, these 
theoretic benefits should be kept in proper perspective dur- 
ing surgical planning. Similarly, the malleoincudal lever 
provides such a small theoretical increase in gain (2 to 
3 dB) that it does not constitute a compelling reason to 
favor a type I reconstructive mechanism over one of the 
type LII subtypes. 


Specific Situations 


Incus Erosion 

Due to its location relative to the common pathways of 
development of cholesteatoma and tympanic membrane 
atelectasis, as well as its rather tenuous blood supply sus- 
pended between the stapes and malleus, erosion of the 
incus long process is the most common ossicular defect. It 
can be encountered in roughly one-third of cases involving 
a chronic posterior tympanic membrane perforation due to 
a variety of factors, such as pressure necrosis, inflammation, 
and hydrolytic enzymes produced by cholesteatoma matrix. 

While an eroded incus is usually obvious during mid- 
dle ear exploration, in some cases palpation is required 
to uncover the presence of a more subtle fibrous union 
between the stapes and incus. The key factor in this situ- 
ation is the degree of bony contact remaining, which, if 
present to some reasonable degree, may compel the sur- 
geon to leave the incus untouched. However, if contact 
is deficient and movement with palpation is incomplete, 
reconstruction is recommended. 

There are basically two options for reconstruction when 
incus erosion is present. The first involves an attempt to 
reconstruct the incudostapedial joint with a type II tympa- 
noplasty. If the defect between the incus and stapes is very 
small, this can be accomplished by wedging a piece of carti- 
lage or bone between the incus and malleus. Alternatively, 
various cements composed of materials such as ionomer 
and hydroxylapatite have shown promise in small-defect 
joint reconstruction (46,47); however, these cements have 
thus far been met with somewhat limited acceptance due 
to concerns of toxicity (ionomer) and of excessive brittle- 
ness that may result in a tendency to dislocate or fracture 
(hydroxylapatite). 
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For larger defects, various prostheses can be utilized. 
The prosthesis that has been in use for the longest dura- 
tion, the Applebaum prosthesis (Gyrus ENT, Bartlett, TN), 
is made of dense hydroxylapatite and is shaped like a 
block, with two divots oriented at 90 degrees from each 
other to engage both the stapes capitulum and the eroded 
lenticular process. Other metallic prostheses have been 
developed that tend to be similar in concept in so far as 
they combine an extension that heat shrinks (nitinol) or 
crimps (titanium) to the remnant of the long process, with 
a cradle that engages the stapes capitulum. 

All of these type II reconstructive techniques share many 
of the same theoretical advantages and disadvantages. On 
the positive side, they reestablish the natural malleoin- 
cudal lever with minimal disruption of the normal ana- 
tomical relationships and native ossicular connections. 
The primary disadvantages relate to uncertain long-term 
durability. Little is known about the pathophysiology and 
natural history of incus necrosis. If erosion is related to 
avascular necrosis, one may speculate that the remnant of 
the lenticular process, if used in ossicular reconstruction, 
may be subject to future loss. 

The second reconstructive option for incus necrosis 
involves removal of the incus remnant and reconstruction 
between the stapes and malleus (or tympanic membrane), 
generally as a type III minor columella mechanism. The fun- 
damental anatomic principles governing this reconstruction 


Anterior 
malleal 
ligament 


Tensor 
tendon 
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are the same regardless of the graft or prostheses used. Some 
key relationships include the vertical height from the stapes 
capitulum to the plane of the neck of the malleus (2 to 2.5 
mm) and the horizontal or translational distance from the 
capitulum to the neck of the malleus (3 to 3.5 mm) (see 
Fig. 153.5). Although the malleus manubrium can become 
rotated medially as an effect of middle ear disease processes, 
especially along its distal aspect, in the authors’ experience, 
the malleus neck is spared from rotational variation and 
can be used in ossicular reconstruction with these distances 
remaining fairly consistent. This is due to the fact that the 
axis of malleus medial rotation lies close to the neck as 
the malleus is supported at the anterior malleolar spine by 
the fan-shaped anterior malleolar ligament and medially 
at the cochleariform process by the tensor tympani tendon. 
However, if the malleus is medially or anteriorly rotated to 
an extreme degree, it may be necessary to pull it laterally 
with a small hook, to stretch or cut the tensor tendon, or 
rarely, to detach it from the drumhead and translocate the 
manubrium while keeping ligamentous attachments intact. 

If the body of the incus is not significantly eroded or 
at risk of harboring microscopic cholesteatoma, it can be 
sculpted with a drill burr and used as an incus interposition 
autologous graft to fit the above-noted dimensions (see 
Fig. 153.6). If properly executed, this technique will gener- 
ate a stable, durable reconstruction that has been described 
extensively in the literature as having favorable hearing 


Figure 153.5 Middle ear anatomy relevant to ossiculoplasty. A: The tensor tympani tendon and the 
anterior malleal ligament anchor the malleus neck at the cochleariform process and anterior tympanic 
spine, respectively. These structures provide stability for tympanoplasty and ossiculoplasty proce- 
dures and should not be violated unless necessary. B: The stapes capitulum is typically 2 mm in height 
below the undersurface of the neck of the malleus, which is the proper target for the ossicular recon- 
struction interface. This same site is approximately 3 mm in the lateral dimension from the capitulum; 
thus, 3 mm of reach is generally required for a sculpted ossicular graft or synthetic prosthesis. 
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Figure 153.6 Incus interposition. Sculpted incus 
interposition grafts may be used to bridge the mal- 
leus handle and stapes capitulum. These should 
have an approximate height of 2 mm and an offset 
groove for the malleus interface at 3 mm. 


outcomes (48). The main advantages of this technique are 
that it is inexpensive and there are no biocompatibility con- 
cerns. The disadvantages are that there is a low possibility 
of continued necrosis, the incus may not be available in all 
cases, and autologous ossicular grafts tend to fuse strongly 
to engaged native ossicles or to other adjacent structures 
such that revision surgery can be challenging. 

If the incus is deemed unusable or if the time and work 
involved with autograft preparation are not embraced, most 
surgeons opt for the use of a synthetic PORP (49). The rec- 
ommended surgical technique utilizing a PORP as a minor 
columella is quite similar to that described for incus inter- 
position, keeping in mind that the vertical height should be 
2 to 2.5 mm and the horizontal reach distance 3 to 3.5 mm. 
While many commercially prepared prostheses are produced 
with a wide range of lengths or are adjustable, if reconstruc- 
tion is made to the malleus neck, adjustments are not often 
necessary. It has been the authors’ experience that similar 
consistency in measurements to what is encountered in sta- 
pes surgery is seen in incus replacement if the proper site at 
the malleus neck is utilized. Thus, although it is sensible to 
confirm by measuring, a prosthesis with a vertical height of 
2 to 2.5 mm and a horizontal reach of 3 mm can be used 
in almost every case as long as it is designed to engage the 
malleus handle and there is no stapes capitulum erosion or 
exaggerated inferior rotation onto the promontoty. 

Another important point to consider when using a PORP 
is that many of them have broad heads that make contact 
with the tympanic membrane in addition to the malleus 
(in contrast to the “strut-like” structure of a sculpted incus 
autograft that spares tympanic membrane contact). Since the 
tympanic membrane is a conical structure and nota flat disk, 
it is desirable to use a prosthesis that can be bent approxi- 
mately 30 degrees at the junction of the shaft and head to 


facilitate this shape (see Fig. 153.7). Doing so will encourage 
the superior edge of the prosthesis head under the malleus 
neck to become “locked” by the tensor tympani tendon. 

To combat synthetic prosthesis extrusion, a cartilage 
graft cap is recommended at the interface between the 
tympanic membrane and the adjacent prosthesis head. 
Although it has been suggested that this barrier may be 
optional with a prosthesis that features a hydroxylapatite 
head with smooth edges, cartilage is essential with sharper 
titanium prosthesis heads. As opposed to host incompati- 
bility and lateral prosthesis migration beyond the tympanic 
membrane, the pathophysiology of prosthesis extrusion 
with an appropriate-length prosthesis more often seems 
to involve postoperative medial retraction of the tympanic 
membrane around the prosthesis. Cartilage can be placed 
in conjunction with reconstruction of the posterior half 
of the tympanic membrane in order to prevent retractions 
or cholesteatoma formation. When the cartilage graft is 
reconstructed exactly in piecemeal fashion, it is known as 
the mosaic technique (see Fig. 153.8). 

The numerous apparent benefits of incorporating the 
malleus into ossiculoplasty notwithstanding (45,50), some 
surgeons achieve favorable hearing results without engag- 
ing the malleus. Even if the malleus is not included in the 
reconstruction, making provisions for the conical shape of 
the tympanic membrane is desirable. In the end, no matter 
which technique is used, the goal is to create a freestanding 
reconstruction that fixes to the tympanic membrane and 
stapes head, but not to other structures, such as the tym- 
panic ring or cochlear promontory. A limited amount of 
absorbable packing can be used to achieve this end, but it 
should be noted that its use has been implicated with post- 
operative middle ear fibrosis, especially when denuded 
mucosa is present. 
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Figure 153.7 Contour of prosthesis to malleus handle. A: Although retraction can result in medial 
displacement of the umbo, the malleus neck orientation is relatively stable due to adjacent support- 
ing ligaments. Thus, the malleus neck, not the handle, is the most constant target for ossiculoplasty. 
If required, the umbo can be lateralized with a blunt hook. B: The prosthesis is manually contoured 
with a bend of 30 degrees at the interface of the shaft and head to fit properly under the malleus 
handle and tympanic membrane curvature. C: Appearance of contoured PORP in proper stable po- 
sition between the stapes capitulum and malleus neck. D: Dornhoffer PORP with hydroxylapatite 
head and titanium shaft (Grace Medical, Memphis, TN). The authors assert that, if properly shaped 
and applied, a prosthesis 2 mm in height can be used in nearly every single case. 


Incus and Stapes Absent 

When both the incus and stapes superstructure are absent, 
common options for reconstruction include a type HI 
major columella mechanism or a type IV tympanoplasty, 
the latter being suitable only in certain cases involving a 
canal wall-down mastoidectomy. Ossicular or cortical 
bone grafts are generally not ideal for use in this situation 
because the long process of the incus is usually eroded to 
less than the length required for sculpting, while corti- 
cal bone grafts tend to fix to the adjacent fallopian canal. 
Thus, a synthetic TORP is typically what is used as a major 
columella. The same basic principles of reconstruction and 
recognition of anatomical consistencies discussed with the 
use of a PORP apply to a TORP. To account for the absence 
of the stapes superstructure, an additional 2 to 2.5 mm is 
added to the vertical height recommendation. Thus, the 
desired TORP dimensions will be approximately 4.5 mm 


in height, with 3 mm of reach in order to reconstruct to 
the malleus neck while maintaining the shaft oriented 
90 degrees to the footplate. 

One of the real challenges in this type of reconstruc- 
tion relates to the lack of stability at the level of the foot- 
plate. Although the presence of the stapes superstructure 
offers no mechanism for acoustic gain, it does provide a 
convenient point for stable prosthesis fixation. The litera- 
ture often shows superior hearing outcomes with a PORP 
versus a TORP, which is likely due to this difference in sta- 
bility. The same 30-degree angled interface with the neck 
of the malleus and tympanic membrane is utilized for 
lateral stability, as described earlier. However, this alone 
does not ensure a stable centered footplate contact point 
because the forces exerted by the tympanic membrane and 
malleus onto the TORP head encourage the shaft to dis- 
place posteriorly. Several devices have been introduced to 
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D 


Mosaic cartilage tympanoplasty with ossiculoplasty. A: The PORP is set between the 
malleus neck and stapes capitulum. B: A large crescent-shaped piece of cartilage is set directly upon 
the prosthesis. C: Smaller crescent-shaped cartilage pieces are placed to form a “mosaic” of carti- 
lage. D: Postoperative appearance following cartilage mosaic underlay tympanoplasty (right ear). 


counteract this phenomenon, including both titanium and 
hydroxylapatite footplate “shoes” (see Fig. 153.9). Related 
techniques that utilize small oval-shaped pieces of cartilage 
with a central hole have also been described (51). 

While it is advisable to utilize the stapes superstructure 
when present, inferior rotation toward the promontory due 
to disease or previous surgery can make a minor columella 
reconstruction unsuitable. In such instances, a PORP or incus 
interposition may produce rocking of the stapes toward the 
promontory instead of the desired piston motion. Therefore, 
a TORP placed on the footplate superior to the superstruc- 
ture is a more suitable alternative that tends to rotate the sta- 
pes superiorly into a more favorable position (52). 


Malleus Absent 

The techniques previously described emphasize the use of 
the malleus for prosthesis stability and as an anatomical 
landmark for consistent length measurements; however, the 


malleus manubrium is not always present. Some otologists 
believe that the malleus is such a tremendous benefit in ossi- 
culoplasty that techniques have been developed to create a 
“neo-malleus” from a piece of bone or a synthetic implant 
that is grafted into the tympanic membrane to be used later 
in staged ossicular reconstruction (53). Nonetheless, several 
options do exist for single-stage tympano-ossicular recon- 
struction in the absence of a malleus manubrium (52). 

The most simple of these single-stage techniques is 
reconstruction directly between the drumhead and stapes 
superstructure with a type III stapes columella mecha- 
nism (especially in a canal wall-down procedure). It is 
acoustically favorable to perform this type of reconstruc- 
tion in combination with tympanic membrane cartilage 
grafting, wherein the capitulum of the stapes is in contact 
with a piece of cartilage that is at least 4 mm in diameter, 
as opposed to a stapes/drumhead interface with fascia or 
native drumhead only. Although it is possible to achieve 
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TORP with footplate shoe for rotated stapes. 
When unfavorable inferior rotation of the stapes superstructure is 
present, a TORP is often preferable to maintain an approximate 
perpendicular orientation between the tympanic membrane and 
prosthesis shaft. In this case, the TORP is stabilized at the level of 
the footplate by a titanium shoe. The stapes capitulum is indicated 
by the asterisk. 


excellent air-bone gap closure with the stapes columella 
subtype of type IL reconstruction (36), actual outcomes 
can be inconsistent or lag behind what is predicted. 
Various other simple modifications of type Il tympano- 
plasty that result in a minor columella can be made when 
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direct contact between the drumhead and stapes is not 
possible but only a small gap exists. These include place- 
ment of some type of autologous interposition graft, such 
as a sculpted malleus head or stacked disk(s) of cartilage. 
When a wider gap between the stapes and drumhead is 
present or when the superstructure is absent, the use of a 
PORP or TORP that directly contacts the drumhead (with 
or without the cartilage cap, depending on the prosthesis 
material used) is generally required. These techniques can 
be effective, but great care should be exercised in measur- 
ing the correct prosthesis length. It is recommended that the 
reconstructed drumhead be slightly tented by the prosthesis; 
however, a major reason for prosthesis extrusion, regardless 
of material, is excessive length. Because these cases involving 
an absent malleus harbor the potential for graft/prosthesis 
adherence to the undersurface of the reconstructed tympanic 
membrane and ossiculoplasty failure due to delayed lateral- 
ization of the capitulum or footplate as the reconstructed 
tympanic membrane heals and matures, many surgeons 
favor staged ossiculoplasty. One innovative way to accom- 
plish this during the second stage is via the facial recess so 
that elevation of a tympanomeatal flap is avoided and a 
stable tympanic membrane measurement is afforded (54). 
Finally, an alternative single-stage technique involves 
creation of a “pseudo-malleus” by reconstructing the tym- 
panic membrane with a composite perichondrium-—carti- 
lage island graft that forms a creased midline ridge to act in 
place of the manubrium (see Fig. 153.10). This is achieved 


Tympano-ossicular reconstruction without malleus. A: When the malleus handle 
is absent, the folded ridge generated by opposing edges of a composite perichondrium-cartilage 
island graft can be used as a pseudo-malleus to support a prosthesis that has a notch intended 
for the malleus handle. B: Postoperative appearance of tympanic membrane after total drum 
reconstruction using a composite perichondrium—cartilage island graft. 
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by creating a circular cartilage island graft measuring 8 to 
9 mm in diameter, with a 1-mm midline strip of cartilage 
removed from the perichondrium, bisecting the island into 
two half-circles. The anterior half-circle is inserted as an 
underlay below the tympanic ring inferiorly and anterior 
tympanic spine superiorly while supported medially with 
absorbable packing in the anterior mesotympanum. The 
posterior half-circle is then lifted to expose the posterior 
edge of the anterior island, which is placed near the posi- 
tion of the absent malleus handle. This pseudo-malleus 
ridge can then be used for ossicular reconstruction using 
the same lengths of prostheses described earlier. 


Fixed Ossicular Chain 

Tympanosclerosis involving the tympanic membrane and 
middle ear is common when significant otitis media has 
been present. When these chalky white plaques involve 
the tympanic membrane, little or no conductive loss 
is expected unless the ossicular chain is also affected. 
Hearing loss due to tympanosclerotic fixation can occur 
secondary to involvement with any component of the 
ossicular chain. 

An isolated malleus head or incus fixation with a 
mobile stapes can be dealt with in two ways (10). The most 
common technique involves disarticulation of the incudo- 
stapedial joint followed by removal of the incus and ampu- 
tation of the malleus head just above the insertion of the 
tensor tympani. Rarely, the malleus head is so fixed that it 
must be left in place; thus, a 1-mm gap is drilled between 
the fixed head and the mobile remnant to prevent re-fixa- 
tion. Reconstruction is then accomplished with a type III 
minor columella as described previously. 

The second technique for correcting malleus fixation 
involves mobilization through an atticotomy by carefully 
releasing the point of fixation with a diamond drill bur. 
While good results have been reported with this technique, 
great care must be taken not to contact the ossicular chain 
with the bur as high-frequency sensorineural hearing loss 
can result. Due to this and the risk of re-fixation with new 
bone growth, mobilization techniques are only recom- 
mended for low-complexity ossicular fixation. 

Stapes fixation from tympanosclerosis represents a more 
complicated problem that often requires a staged approach. 
If fixation is secondary to a limited amount of soft tym- 
panosclerotic plaque, it is usually possible to remove this 
in layers until mobilization is achieved. Unlike stapes 
mobilization in otosclerosis, where re-fixation is frequent, 
long-term mobility can be achieved with limited tympano- 
sclerosis if otitis media is quiescent. However, if stapedial 
tympanosclerosis is extensive, a staged stapedotomy or 
the use of amplification in lieu of surgery is required. For 
stapedotomy to be considered in the setting of quiescent 
chronic otitis media, several criteria must be satisfied, 
including a healthy healed tympanic membrane, complete 
absence of middle ear disease and effusion for several 
months, and apparent eustachian tube patency (55). 


During second-stage surgery standard incus-grip sta- 
pedotomy can be performed if the lateral ossicular chain 
is mobile although, similar to obliterative otosclerosis, this 
may require removal of plaque from the footplate with a 
laser or mechanical drill. If the lateral ossicular chain is 
fixed, the incus and head of the malleus can be removed so 
that an incus-replacement malleostapedotomy procedure 
can be performed. It should be noted that this is a techni- 
cally challenging procedure that should be attempted only 
by the highly experienced otologic surgeon (56). A tech- 
nically challenging alternative involves creation of a larger 
stapedotomy followed by placement of a tissue seal over 
the oval window and overlying reconstruction with a TORP 
(57). One must always consider that the hearing results 
with stapes surgery for extensive tympanosclerosis are gen- 
erally not as good as for otosclerosis; thus, amplification 
should always be considered as an alternative to ossicular 
reconstruction in these instances. 


RESULTS 


Experienced surgeons should expect durable closure of the 
tympanic membrane in 85% to 95% of tympanoplasty 
procedures. Furthermore, although hearing results may 
vary, one should expect only a small air-bone gap in 90% 
of type I tympanoplasty cases (49). Risk factors for failure 
of type I tympanoplasty are not definitively understood or 
universally accepted; yet when viewed through the lenses of 
experience, common sense, and published tympanoplasty 
outcome data, certain themes can be recognized. First, 
underlying host tissue factors that negatively affect graft via- 
bility, capillary ingrowth, and nutrient supply, such as diabe- 
tes, smoking (58,59), severe malnutrition, active infection, 
past slag injury, or past radiation therapy, may be expected 
to increase the risk of failure to some degree. Furthermore, 
factors that increase the odds of graft displacement or migra- 
tion during the healing phase, such as eustachian tube 
dysfunction, chronic cough, obstructive sleep apnea, or an 
unwillingness to adhere to recommended postoperative life- 
style guidelines, may have similar negative effects. Finally, 
other factors, such as the experience and skill of the surgeon, 
the merits and execution of the technique utilized, the size 
and location of the perforation, the condition of the tym- 
panic membrane and middle ear, the presence of scar tissue 
or revision surgery, and the quality of the operating environ- 
ment (bloodless, hypotensive), likely affect outcome. 
Hearing outcomes with ossiculoplasty are more variable 
compared with type I tympanoplasty, and long-term results 
are, on average, worse than short-term results (60,61). This 
is likely because these procedures are more skill and tech- 
nique dependent, are influenced by the inherent qualities 
of the prosthesis, and, on average, are associated with more 
advanced chronic ear disease. Traditionally, ossiculoplasty 
“success” has been roughly judged to be a pure tone aver- 
age air—-bone gap less than 30 dB for a major columella 
(TORP), less than 20 dB for a minor columella (PORP), 
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and less than 10 dB for a stapedotomy (62). However, in 
the authors’ opinion, these benchmarks are only indica- 
tive of what is minimally acceptable without the need 
for revision and do not necessarily portray excellence in 
ossiculoplasty. 

Much has been discussed about the inherent qualities of 
a theoretically ideal ossicular replacement prosthesis (39), 
but assuming the material is biocompatible and is correctly 
placed, the qualities of the underlying middle ear environ- 
ment have a far greater impact on hearing outcomes. The 
importance of underlying risk factor stratification has been 
recognized since Wullstein first reported his classification 
scheme. Subsequently, Bellucci (16) introduced a classifica- 
tion scheme based on the degree of preoperative drainage, 
followed by Austin (63), who introduced a classification 
scheme based on the ossicular defect. Kartush (64) has 
modified Austin’s classification by adding aspects of the 
patient history to the surgical findings in order to develop 
the widely used Middle Ear Severity Index. Other mod- 
ern statistics-based classification systems have since been 
reported by Black (65) (Surgical Prosthetic Infection Tissue 
Eustachian), Dornhoffer (66) (Ossiculoplasty Outcome 
Parameter System), and others. 

As with type I tympanoplasty, there is no agreement as 
to which factors are most important for success in ossicu- 
loplasty; however, review of these classification schemes 
does reveal certain trends (49,64-68). Specifically, revision 
surgery, middle ear fibrosis, mucosal disease with drainage, 
smoking, absence of the stapes superstructure, absence of 
the malleus handle, and a shallow (69) or poorly aerated 
middle ear cleft (7) have been cited in the majority of stud- 
ies as leading to worse hearing outcomes. From a practical 
standpoint, understanding these factors can be helpful in 
predicting which patients are at risk of having a poor hear- 
ing outcome and, therefore, are perhaps more suitable for 
staged tympano-ossicular reconstruction. 


= The goal of reconstruction of the tympanic mem- 
brane and ossicular chain is to provide a stable bar- 
rier between the moist middle ear and dry lateral 
epithelialized compartments while optimizing the 
ossicular coupling properties of the tympano-ossic- 
ular mechanism. 

m Cartilage grafts are especially useful in reconstruct- 
ing the tympanic membrane when the risk of graft 
failure or reacquisition of retraction is high. 

m Ossiculoplasty utilizing the malleus neck can result 
in prosthesis stability and may afford additional 
acoustic benefits. 

m Underlying factors related to the middle ear envi- 
ronment will greatly influence ossiculoplasty out- 
comes, no matter which techniques are utilized. 


2485 


REFERENCES 


1. Zollner F. The principles of plastic surgery of the sound-conduct- 
ing apparatus. J Laryngol Otol 1955;69(10):637-652. 

2. Wullstein H. The restoration of the function of the middle ear, 
in chronic otitis media. Ann Otol Rhinol Laryngol 1956;65(4): 
1021-1041. 

3. Merchant SN, et al. Analysis of middle ear mechanics and 
application to diseased and reconstructed ears. Am J Otol 
1997;18(2):139-154. 

4. Merchant SN, et al. Toynbee memorial lecture 1997. Middle ear 
mechanics in normal, diseased and reconstructed ears. J Laryngol 
Otol 1998; 112(8):715-731. 

5. Rosowski JJ. Models of external and middle ear function. In: 
Mcmullen TA, Hawkins HS, Popper AN, Fay RR, eds. The Springer 
handbook of auditory research. New York: Springer-Verlag, 1996:15-61. 

6. Aibara R, et al. Human middle-ear sound transfer function and 
cochlear input impedance. Hear Res 2001;152(1-2):100-109. 

7. Merchant SN, et al. Middle ear mechanics of Type III tympa- 
noplasty (stapes columella): II. Clinical studies. Otol Neurotol: 
2003;24(2):186-194. 

8. Puria S, Peake WE, Rosowski JJ. Sound-pressure measurements 
in the cochlear vestibule of human-cadaver ears. J Acoust Soc Am 
1997;101(5 Pt 1):2754-2770. 

9. Mehta RP, et al. Determinants of hearing loss in perforations of 
the tympanic membrane. Otol Neurotol 2006;27(2):136-143. 

10. Vincent R, Lopez A, Sperling NM. Malleus ankylosis: a clinical, 
audiometric, histologic, and surgical study of 123 cases. Am J 
Otol 1999;20(6):717-725. 

11. Prasad KC, et al. Assessment of eustachian tube function in tym- 
panoplasty. Otolaryngol Head Neck Surg 2009;140(6):889-893. 

12. Collins WO, et al. Pediatric tympanoplasty: effect of contralat- 
eral ear status on outcomes. Arch Otolaryngol Head Neck Surg 
2003;129(6):646-651. 

13. Gluth MB, et al. Management of eustachian tube dysfunction 
with nasal steroid spray: a prospective, randomized, placebo- 
controlled trial. Arch Otolaryngol Head Neck Surg 2011;137(5): 
449-455. 

14. Dornhoffer JL. Surgical management of the atelectatic ear. Am J 
Otol 2000;21(3):315-321. 

15. Dornhoffer JL. Hearing results with cartilage tympanoplasty. 
Laryngoscope 1997;107(8):1094-1099. 

16. Bellucci RJ. Dual classification of tympanoplasty. Laryngoscope 
1973;83(11):1754-1758. 

17. Aarnisalo AA, et al. Motion of the tympanic membrane after car- 
tilage tympanoplasty determined by stroboscopic holography. 
Hear Res 2010;263(1-2):78-84. 

18. Aarnisalo AA, et al. Middle ear mechanics of cartilage tympa- 
noplasty evaluated by laser holography and vibrometry. Otol 
Neurotol 2009;30(8):1209-1214. 

19. Gerber MJ, Mason JC, Lambert PR. Hearing results after primary 
cartilage tympanoplasty. Laryngoscope 2000; 110(12):1994-1999. 

20. Kyrodimos E, Sismanis A, Santos D. Type III cartilage “shield” 
tympanoplasty: an effective procedure for hearing improvement. 
Otolaryngol Head Neck Surg 2007;136(6):982-985. 

21. Ozbek C, et al. A comparison of cartilage palisades and fascia 
in type 1 tympanoplasty in children: anatomic and functional 
results. Otol Neurotol 2008;29(5):679-683. 

22. Morris DP, Bance M, Van Wijhe RG. How do cartilage and other 
material overlay over a prosthesis affect its vibration transmis- 
sion properties in ossiculoplasty? Otolaryngol Head Neck Surg 
2004; 131(4):423-428. 

23. Downey TJ, Champeaux AL, Silva AB. AlloDerm tympano- 
plasty of tympanic membrane perforations. Am J Otolaryngol 
2003;24(1):6-13. 

24. Dormhoffer J. Cartilage tympanoplasty: indications, tech- 
niques, and outcomes in a 1,000-patient series. Laryngoscope 
2003; 113(11):1844-1856. 

25. Tos M. Cartilage tympanoplasty methods: proposal of a classifi- 
cation. Otolaryngol Head Neck Surg 2008;139(6):747-758. 

26. Dornhoffer JL. Cartilage tympanoplasty. Otolaryngol Clin North 
Am 2006;39(6):1161-1176. 

27. Beutner D, et al. Cartilage plate tympanoplasty. Otol Neurotol 
2010;31(1):105-110. 


2486 


28. 


29: 


30. 


31. 


32. 


33; 


34. 


35: 


36. 


Bt. 
38. 
39: 
40. 


Al. 


42, 


43. 


44. 


45. 


46. 
47. 


48. 


Section IX: Otology 


Cabra J, Monux A. Efficacy of cartilage palisade tympanoplasty: 
randomized controlled trial. Otol Neurotol 2010;31(4):589-595. 
Boone RT, Gardner EK, Dornhoffer JL. Success of cartilage graft- 
ing in revision tympanoplasty without mastoidectomy. Ofol 
Neurotol 2004;25(5):678-681. 

Moore GFE. Candidate's thesis: revision tympanoplasty utilizing 
fossa triangularis cartilage. Laryngoscope 2002; 112(9):1543-1554. 
Jesic SD, et al. Temporalis fascia graft perforation and retrac- 
tion after tympanoplasty for chronic tubotympanic otitis and 
attic retraction pockets: factors associated with recurrence. Arch 
Otolaryngol Head Neck Surg 2011;137(2):139-143. 

Jung TT, Park SK. Mediolateral graft tympanoplasty for anterior 
or subtotal tympanic membrane perforation. Otolaryngol Head 
Neck Surg 2005;132(4):532-536. 

Kartush JM, et al. Over-under tympanoplasty. Laryngoscope 
2002;112(5):802-807. 

Angeli SI, Kulak JL, Guzman J. Lateral tympanoplasty for total 
or near-total perforation: prognostic factors. Laryngoscope 
2006;116(9):1594-1599. 

Boone R, Dornhoffer J. Surgical correction of the lateralized tym- 
panic membrane. Laryngoscope 2002;112(8 Pt 1):1509-1511. 
Chien W, Rosowski JJ, Merchant SN. Investigation of the mechan- 
ics of Type III stapes columella tympanoplasty using laser-dop- 
pler vibrometry. Otol Neurotol 2007;28(6):782-787. 

Yung MW. Literature review of alloplastic materials in ossiculo- 
plasty. J Laryngol Otol 2003; 117(6):431-436. 

Goldenberg RA. Ossiculoplasty with composite prostheses. PORP 
and TORP. Otolaryngol Clin North Am 1994;27(4):727-745. 
Goode RL, Nishihara S. Experimental models of ossiculoplasty. 
Otolaryngol Clin North Am 1994;27(4):663-675. 

Coffey CS, Lee FS, Lambert PR. Titanium versus nontitanium pros- 
theses in ossiculoplasty. Laryngoscope 2008; 118(9):1650-1658. 
Hales NW, Shakir FA, Saunders JE. Titanium middle ear pros- 
theses in staged ossiculoplasty: does mass really matter? Am J 
Otolaryngol 2007;28(3):164-167. 

Iniguez-Cuadra R, et al. Type III tympanoplasty with titanium 
total ossicular replacement prosthesis: anatomic and functional 
results. Otol Neurotol 2010;31(3):409-414. 

Neff BA, et al. Tympano-ossiculoplasty utilizing the spiggle and 
theis titanium total ossicular replacement prosthesis. Laryngoscope 
2003;113(9):1525-1529. 

House JW, Teufert KB. Extrusion rates and hearing results in ossicular 
reconstruction. Otolaryngol Head Neck Surg 2001;125(3):135-141. 
Bance M, et al. Comparison of the mechanical performance of 
ossiculoplasty using a prosthetic malleus-to-stapes head with a 
tympanic membrane-to-stapes head assembly in a human cadavy- 
eric middle ear model. Otol Neurotol 2004;25(6):903-909. 
Baglam T, et al. Incudostapedial rebridging ossiculoplasty with 
bone cement. Otolaryngol Head Neck Surg 2009;141(2):243-246. 
Ozer E, et al. Incudostapedial rebridging ossiculoplasty with 
bone cement. Otol Neurotol 2002;23(5):643-646. 

O'Reilly RC, et al. Ossiculoplasty using incus interposition: hear- 
ing results and analysis of the middle ear risk index. Otol Neurotol 
2005;26(5):853-858. 


68. 


69. 


Iurato S, Marioni G, Onofri M. Hearing results of ossiculoplasty 
in Austin-Kartush group A patients. Otol Neurotol 2001;22(2): 
140-144. 

Bared A, Angeli SI. Malleus handle: determinant of success in 
ossiculoplasty. Am J Otolaryngol 2010;31(4):235-240. 

Beutner D, Luers JC, Huttenbrink KB. Cartilage ‘shoe’: a new 
technique for stabilisation of titanium total ossicular replace- 
ment prosthesis at centre of stapes footplate. J Laryngol Otol 
2008;122(7):682-686. 


. Vincent R, et al. Ossiculoplasty with intact stapes and absent mal- 


leus: the silastic banding technique. Otol Neurotol 2005;26(5): 
846-852. 

Black B. Neomalleus ossiculoplasty. Otol Neurotol 2002;23(5): 
636-642. 

Blevins NH. Transfacial recess ossicular reconstruction: tech- 
nique and early results. Otol Neurotol 2004;25(3):236-241. 
Gluth MB, et al. Incus replacement malleostapedotomy in qui- 
escent chronic otitis media with a mobile stapes footplate: an 
alternative to TORP in select cases. Otol Neurotol 2011;32(2): 
242-245. 


. Fisch U, Acar GO, Huber AM. Malleostapedotomy in revision 


surgery for otosclerosis. Otol Neurotol 2001;22(6):776-785. 


. Vincent R, Oates J, Sperling NM. Stapedotomy for tympanoscle- 


rotic stapes fixation: is it safe and efficient? A review of 68 cases. 
Otol Neurotol 2002;23(6):866-872. 

Becvarovski Z, Kartush JM. Smoking and tympanoplasty: impli- 
cations for prognosis and the middle ear risk Index (MERI). 
Laryngoscope 2001;111(10):1806-1811. 

Kaylie DM, et al. Effects of smoking on otologic surgery out- 
comes. Laryngoscope 2009; 119(7):1384-1390. 


. Mishiro Y, et al. Long-term hearing outcomes after ossiculo- 


plasty in comparison to short-term outcomes. Otol Neurotol 
2008;29(3):326-329. 


. Yung M, Vowler SL. Long-term results in ossiculoplasty: an analy- 


sis of prognostic factors. Otol Neurotol 2006;27(6):874-881. 


. Jackson CG, et al. Ossicular chain reconstruction: the TORP 


and PORP in chronic ear disease. Laryngoscope 1983;93(8): 
981-988. 


. Austin DE Reporting results in tympanoplasty. Am J Otol 


1985;6(1):85-88. 

Kartush JM. Ossicular chain reconstruction. Capitulum to mal- 
leus. Otolaryngol Clin North Am 1994;27(4):689-715. 

Black B. Ossiculoplasty prognosis: the spite method of assess- 
ment. Am J Otol 1992;13(6):544-551. 

Dornhoffer JL, Gardner E. Prognostic factors in ossiculoplasty: a 
statistical staging system. Otol Neurotol 2001;22(3):299-304. 

De Vos C, Gersdorff M, Gerard JM. Prognostic factors in ossiculo- 
plasty. Otol Neurotol 2007;28(1):61-67. 

Pinar E, et al. Evaluation of prognostic factors and middle 
ear risk index in tympanoplasty. Otolaryngol Head Neck Surg 
2008;139(3):386-390. 

Merenda D, et al. Tympanometric volume: a predictor of suc- 
cess of tympanoplasty in children. Otolaryngol Head Neck Surg 
2007;136(2):189-192. 


Otosclerosis 


Brandon Isaacson 


Otosclerosis (OS) is a fibrous osteodystrophy of the 
human otic capsule. Its dinical manifestations are primar- 
ily conductive hearing loss (CHL), although sensorineural 
hearing loss (SNHL) and mixed hearing loss (MHL) can 
also occur. The disease process causes abnormal resorption 
and deposition of bone. OS is noted clinically in 1% of 
the Caucasian population; it is transmitted in an autoso- 
mal dominant fashion but with incomplete penetrance. 
Females appear to be affected twice as often as males (1). 

In 1873, Schwartze described a reddish hue medial to 
an intact tympanic membrane (TM), which was second- 
ary to the increased vascularity of the cochlear promontory 
in active OS lesions (the phase known as otospongiosis). 
This finding is named after him and is known as Schwartze 
sign. It is seen in 10% of patients with OS. In 1881, von 
Troltsch noted abnormalities of the middle ear mucosa in 
this disease and was the first to use the term OS. In 1893, 
Politzer described OS as a primary disease of the otic cap- 
sule, rather than a condition related to previous episodes 
of inflammatory ear disease, as originally thought (2). 

The clinical entity of OS was further described by 
Bezold in 1908, when he discussed its historical, physi- 
cal, and audiometric findings. In 1912, Siebenmann dis- 
cussed the possibility of OS causing SNHL. Since that time, 
numerous etiologies of OS have been suggested, including 
hereditary, endocrine, biochemical, metabolic, infectious 
(e.g., measles), traumatic, vascular, and even autoimmune 
factors (3). In fact, Lopez-Gonzalez and Delgado (4) sug- 
gested that oral vaccination with type II collagen may miti- 
gate the autoimmune reaction in those susceptible to OS 
through hyposensitization. It is also possible that interplay 
of these different factors exist and vary from individual to 
individual, while causing the same pathologic and clini- 
cal findings. In other words, OS may be the common, final 
pathway of a clinically and genetically heterogeneous 
group of disorders (5). 


Joe Walter Kutz Jr. 


Peter S. Roland 


The maturation of the bony labyrinth plays a role in the 
pathogenesis of OS. The otic capsule arises from mesen- 
chyme surrounding the otic vesicle at 4 weeks of embryo- 
logic development. At 8 weeks, the cartilaginous framework 
is initiated. At 16 weeks, endochondral osseous replace- 
ment of this framework begins in 14 identifiable centers. 
In some people, complete bony replacement does not 
occur and leaves cartilage in certain locations. One of these 
regions, the fissula ante fenestram, is anterior to the oval 
window (OW) and is usually the last area of endochon- 
dral bone formation in the labyrinth. According to tempo- 
ral bone studies, this region is affected in 80% to 90% of 
patients with OS (6). In 1985, Schuknecht and Barber (7) 
reported other areas of predilection for otosclerotic lesions, 
such as the border of the round window (RW), the api- 
cal medial wall of the cochlea, the area posterior to the 
cochlear aqueduct, the region adjacent to the semicircu- 
lar canals, and the stapes footplate itself (which is derived 
from otic capsule, as opposed to the superstructure, which 
is a branchial arch derivative). 


There are three forms of otosclerotic lesions: otospongiosis 
(early phase), transitional phase, and OS (late phase). The 
early, active phase lesions consist of histiocytes, osteoblasts, 
and the most active cell group, the osteocytes. The osteo- 
cytes resorb bone around preexisting blood vessels, which 
causes widening of the vascular channels and dilation of 
the microcirculation. Otoscopic or microscopic exam can 
reveal the reddish hue caused by these lesions (Schwartze 
sign if seen on clinical examination). As osteocytes become 
more involved, these areas grow rich in amorphous ground 
substance and deficient in mature collagen, resulting in 
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formation of new spongy bone. With hematoxylin-eosin 
(H&E) staining, this new spongy bone appears densely 
blue. This was described in 1914 by Manasse and is known 
as the blue mantles of Manasse. Interestingly, mantles are 
found in up to 20% of normal temporal bones. On elec- 
tron microscopy, the foci of perivascular bony invasion 
coalesce as the lesions enlarge within the otic capsule (7). 

The predominant finding in the late phase of OS is 
the formation of sclerotic, dense bone in areas of previ- 
ous osseous resorption. The vascular spaces that were once 
dilated are narrowed due to bony deposition. Within each 
temporal bone containing OS, lesions can be found in 
early, transitional, and late phases, although the overall 
histologic status of the developing lesions is fairly uniform. 
Although OS begins in endochondral bone, as the spon- 
giosis and sclerosis continue, the endosteal and periosteal 
layers also become involved (8). 


BASIC SCIENCE 


A number of mechanisms including autoimmune, genetic, 
and infectious have all been described as potential caus- 
ative factors for the development of OS. Definitive evidence 
for an autoimmune etiology for OS is currently lacking. 
Conflicting evidence exists for increased levels of type II and 
IX collagen antibodies in patients with OS. Animal models 
of type II collagen autoimmunity were found to have lesions 
similar to OS in contrast to another nearly identical study 
where autoimmune mice were found to have no lesions (5). 

OS has a significant genetic component with seven dis- 
tinct loci reported to date. Autosomal dominant transmis- 
sion with incomplete penetrance is the predominant mode 
of inheritance. The OS loci identified include genes that 
regulate growth regulation, intercellular communication; 
cartilage, bone, and collagen homeostasis and metabolism. 
Additional work is needed to identify potential candidate 
genes involved in the pathogenesis of OS (9). 

A number of findings point toward a viral etiology for 
OS. Measles antigens and RNA, as well as nucleocapsid 
structures identical to measles virus have all been identi- 
fied in otosclerotic lesions. Increased levels of measles-spe- 
cific IgG have also been detected in the perilymph of OS 
patients undergoing stapedectomy. It is not yet certain that 
the measles virus is involved in the development of OS, 
and the pathogenesis has yet to be elucidated (9). 

A more in-depth understanding of the molecular biol- 
ogy of bone remodeling has shed additional light on the 
pathogenesis of OS. The otic capsule is unique compared 
to the rest of the skeleton in that after the age of one, no 
further osseous remodeling occurs. Bone remodeling is 
rigorously regulated via a balance between the cytokines 
and receptor: osteoprotegerin (OPG), receptor activator 
of nuclear factor kB (RANK), and RANK ligand (RANKL). 
RANKL is present on the surface of osteoblasts and binds 
to RANK receptors on the surface of osteoclast precursor 
cells, which results in osteoclast differentiation, activation, 


and subsequent bone remodeling. Soluble OPG competes 
with RANKL in binding to the RANK receptor on the sur- 
face of osteoclast precursor cells and results in decreased 
bone remodeling. A fine balance exists between RANKL 
and OPG, which regulates skeletal remodeling including 
the otic capsule. High levels of OPG (reduced predilection 
for bone turnover) have been detected in the inner ear and 
are secreted into perilymph by type I fibrocytes located 
within the spiral ligament. It has been postulated that 
genetic, infectious, and autoimmune mechanisms likely 
alter this pathway, which eventually results in OS (9). 


PATHOPHYSIOLOGY 


The areas of OS involvement dictate the clinical presen- 
tation. The most common type involves the stapes and 
accounts for those cases in which CHL is the presenting 
symptom. The CHLis due to fixation of the stapes footplate, 
usually beginning at the fissula ante fenestram (Fig. 154.1). 
Progressive involvement of the footplate can create a thick 
focus of OS that fills the OW niche (obliterative OS) (5). 

If OS involves only the footplate and spares the annu- 
lar ligament, minimal fixation may occur. Such a thickened 
footplate is called a biscuit footplate. Because of minimal 
fixation, biscuit footplates can become mobilized inadver- 
tently during a stapes procedure, placing the patient at a 
higher risk of postoperative SNHL. The RW is involved in 
30% of all clinical cases of OS; complete closure of this 
niche is uncommon (10). 

SNHL as a result of OS is an ongoing controversial 
subject. Some patients with OS have a greater amount of 
SNHL than expected considering their age and history of 
noise exposure. The mechanism for the SNHL is possibly 
the liberation of toxic metabolites into the inner ear with 
resultant injury to neuroepithelium, vascular compromise, 
or direct extension of lesions into the cochlea, causing 


Figure 154.1 Photomicrograph of temporal bone section in 
a 79-year-old Caucasian male demonstrating a mature otoscle- 
rotic focus (*) involving the promontory and anterior stapes foot- 
plate (sf). st, scala tympani; v, vestibule; fn, facial nerve. (x20) 
(Courtesy of M.M. Paparella, director, and S. Lamey, coordinator, 
Otopathology Laboratory, University of Minnesota). 


disruption of electrolytes and changes in basilar mem- 
brane mechanics. SNHL is usually associated with signifi- 
cant stapedial OS, although some otologists contend that 
isolated pure SNHL can be seen without associated CHL. 
The latter presentation is also known as cochlear OS (11). 

Shambaugh (11) has suggested seven criteria to identify 
patients suffering from SNHL due to OS: 


1. Schwartze sign in either ear 

2. Family history of OS 

3. Unilateral CHL consistent with OS and bilateral, sym- 
metric SNHL 

4. Audiogram with a flat or “cookie-bite” curve with excel- 
lent discrimination 

5. Progressive pure cochlear loss beginning at the usual 
age of onset for OS 

6. Computed tomography (CTI) scan showing demineral- 
ization of the cochlea typical for OS 

7. Stapedial reflex demonstrating the biphasic “on-off 
effect” seen before stapedial fixation 


Vestibular symptoms occur in up to 40% of patients 
with OS. OS lesions have been described in the lateral 
semicircular canal during fenestration procedures (which 
have been replaced by the stapedectomy/stapedotomy). 
The vestibular symptoms are usually not severe, but 
objective evidence can be obtained with electronystag- 
mography testing. Non-Méniére-type vertigo or disequi- 
librium associated with OS has been termed OS inner ear 
syndrome. It is important to differentiate this disorder from 
Méniére disease or superior semicircular canal dehiscence 
(SSCD). Méniére disease is an absolute contraindication 
for stapedectomy/stapedotomy. When the endolymphatic 
space is dilated (endolymphatic hydrops), the saccule may 
be enlarged to the point that it adheres to the undersur- 
face of the stapes footplate. A stapes procedure can injure 
the saccule and result in profound SNHL. The distinction 
between OS inner ear syndrome and other causes of dizzi- 
ness is based on differences in clinical presentation. Rarely 
does the inner ear syndrome of OS cause well-defined epi- 
sodes of severe rotational vertigo, nausea, vomiting, and 
fluctuating SNHL. Dizziness in OS inner ear syndrome is 
milder but more persistent; low-frequency SNHL is gener- 
ally not present (12). 

In 2004, Mikulec et al. (13) reported on eight patients 
with presumed OS/unilateral CHL that did not improve 
after a stapes procedure. These patients were ultimately 
found to have SSCD. In contrast to typical SSCD patients, 
these patients had only CHL and no vestibular symptoms. 
One should keep this entity in mind, especially in a patient 
with CHL and pressure or sound-induced vertiginous 
symptoms. Intact acoustic reflexes in the setting of CHL 
should prompt further imaging to evaluate for an inner 
ear third window. SSCD, posterior and lateral semicircular 
canal dehiscence, enlarged vestibular aqueduct, and modi- 
olar deficiencies (i.e., X-linked stapes gusher) can all pres- 
ent with a CHL or MHL with intact acoustic reflexes (13). 


Chapter 154: Otosclerosis 2489 


EPIDEMIOLOGY 


OS is transmitted in an autosomal dominant fashion with 
incomplete penetrance (25% to 40%). The degree of pen- 
etrance is related to the distribution of lesions in the otic 
capsule. Some lesions are located where they cannot cause 
clinical symptoms. About 10% of Caucasians have histo- 
logic findings of OS. However, of those with histologic 
changes, only 12% have clinical symptoms; thus, overall, 
this represents about 1% of the Caucasian population. In 
the Japanese and South American populations, the inci- 
dence is 50% of that in Caucasians. The African American 
population has fewer cases of OS; only 1% demonstrate 
histologic findings of the disease. In all races, when one ear 
is affected, the contralateral ear shows histologic involve- 
ment 80% of the time. Generally, the lesions occur in simi- 
lar anatomic locations and at similar histologic phases. 
The age at which symptoms become apparent is variable 
due to the insidious progression of hearing loss, but hear- 
ing loss often begins between the ages of 15 and 45 years. 
The average age at presentation is 33 years (14). 

About 60% of patients with clinical OS report a family 
history of this condition. The remaining 40%, as suggested 
by Morrison and Bundey (14), make up a collection of 
cases that fall into one of the following categories: 


1. Autosomal dominant inherited cases with failure of 
penetrance in other family members 

2. Phenocopies (an individual expressing a trait that is 
environmentally as opposed to genetically induced) 

3. New mutations 

4. Those rare cases transmitted by alternate modes of 
inheritance (i.e., autosomal recessive) 


OS has been reported to advance more rapidly in females 
than males, although no difference has been noted in age 
at onset. A recent study by Clayton et al. (15) examined 
the relationship in elderly women between osteoporosis 
and OS; both diseases show some similarities, including an 
association with the COL1A1 gene. The study showed that a 
much higher percentage of women with OS also had osteo- 
porosis as compared with a similar aged group with only 
presbycusis (P < 0.007). Juvenile OS may progress more rap- 
idly than the adult form. Hormonal factors may play a role; 
some females with OS appear to have their condition worsen 
during pregnancy. Estrogen receptors have been noted in the 
OS plaques. However, more recent data minimize the asso- 
ciation between pregnancy and worsening of OS (9). 


HISTORY AND PHYSICAL EXAMINATION 


Patients with OS usually present with a slowly progressive 
hearing loss over a period of years. Patients may describe 
hearing speech more easily in noisy situations. The CHL 
improves the signal to noise ratio by subduing back- 
ground noise (paracusis of Willis). Tinnitus is present in 
75% of patients. A complete head and neck examination 
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is performed to rule out concurrent otolaryngologic abnor- 
malities. Otomicroscopic examination with pneumatic 
insufflations is done of the external auditory canal (EAC) 
and TM to asses for the presence of a middle ear effusion 
or mass, cholesteatoma, or TM retraction. The physical 
appearance of the TM is normal in most patients with OS. 
A Schwartze sign (a red to pink appearance of the cochlear 
promontory occasionally seen in active OS through the 
TM) may be present. 

The primary purpose of performing a tuning fork exam 
is to confirm the findings of the audiogram. The Rinne test 
should demonstrate bone conduction to be better than 
air conduction (Rinne negative) in patients contemplat- 
ing a stapes procedure. In the initial phases of the disease, 
CHL may be limited to the 256-Hz tuning fork. As foot- 
plate fixation progresses, the 512- and 1,024-Hz tuning 
forks will “reverse” as well. The amount of air-bone gap 
required to reverse the tuning forks are about 10 to 15 dB 
for the 256-Hz tuning fork and 20 to 25 dB for the 512-Hz 
tuning fork. The Weber test should lateralize to the ear 
with the greater degree of CHL, although this test is also 
affected by concurrent SNHL. If the tuning fork exam 
does not correlate with the audiogram, repeat testing is 
recommended since inadequate masking may falsely lead 
the clinician to believe a conductive loss is present in the 
setting of anacusis (16). 


AUDIOLOGIC TESTING 


The main objective measurement in OS is the audiogram 
(Fig. 154.2). On the audiogram, OS is seen as a widening 
air-bone gap that usually begins in the low frequencies. 
Variable degrees of SNHL may also be present. Bone con- 
duction may show a 20-dB loss at 2,000 Hz and a 5-dB loss 
at 500 and 4,000 Hz. Such an apparent depression of bone 
conduction at 2,000 Hz is known as Carhart notch, which 
is most commonly seen in OS but can be seen in other 
types of CHL. This notch is an artifact of the audiogram 
and disappears after a stapedectomy. It is secondary to sta- 
pes fixation and a resultant change in the resonance of the 
otic capsule (17). 

Word recognition scores are usually excellent in patients 
with OS even in the later stages of the disease process. 
Impedance can show reduced TM compliance (type A 
or As). Stapedial reflexes are characteristically absent in 
the setting of CHL. Intact stapedial reflexes can occasion- 
ally be observed in the earliest stages of OS depending on 
the degree of fixation. With early stapes fixation, a char- 
acteristic abnormal decrease in impedance may be noted 
at the onset and offset of the eliciting signal. This is the 
on-off effect of OS. The presence of stapedial reflexes with 
a significant CHL warrants evaluation for an inner ear third 
window (i.e., SSCD). Vestibular testing should be included 
when dizziness is present. Although there are not charac- 
teristic findings for OS inner ear syndrome, findings or a 


clinical history suggestive of SSCD or Méniére disease will 
alter treatment planning (17). 

High-resolution CT scans can help identify or confirm 
patients with OS. Radiolucent areas in and around the 
cochlea are noted early in the course of the disease, creating 
the “halo sign.” Diffuse sclerosis is found in mature cases 
(Fig. 154.3). Negative results on the CT scan are not diag- 
nostic because some patients have disease below the capa- 
bilities of scanning protocols. The CT can rule out middle 
ear masses, vascular anomalies, or facial nerve abnormali- 
ties but is not an essential part of the workup. These scans 
can also assess the ossicular chain in addition to the osse- 
ous labyrinth (cochlea, semicircular canals) (18). 


DIFFERENTIAL DIAGNOSIS 


The differential diagnosis should include other causes of 
CHL or MHL. A history of progressive CHL or MHL in the 
absence of history of trauma or infection but with the pres- 
ence of a normal TM limits the possibilities. However, a 
definitive diagnosis can only be made during exploratory 
tympanotomy. The most common conditions that mimic 
OS are those that result in ossicular discontinuity or exert 
a mass effect on the TM or ossicles. A history of recurrent 
chronic otitis media suggests an ossicular discontinuity due 
to incus necrosis. The TM may be normal or thickened or 
atrophic in cases of chronic infection. The TM in these ears is 
sometimes abnormally compliant, which can be manifested 
as a type Ad tympanogram. Fibrous union of the incudosta- 
pedial (IS) joint can produce an air—bone gap wider in the 
high frequencies than in the lower frequencies (16). 

Fractures or displacement of the ossicular chain is 
not uncommon in the setting of temporal bone trauma. 
Hemotympanum or otorrhea is frequently encountered 
in the immediate period following the injury. A follow-up 
examination with audiometry is typically recommended in 
patients with temporal bone fractures to allow for resolu- 
tion of hemotympanum and spontaneous healing of TM 
perforation. In cases of traumatic ossicular chain displace- 
ment, a fibrous union often forms with resultant resolu- 
tion of CHL. Distorted TM surface landmarks occasionally 
provide evidence of prior temporal bone trauma that has 
resulted in CHL or MHL. A fracture of the stapes super- 
structure or incus long process may have a similar audio- 
metric configuration as OS. 

Congenital stapedial footplate fixation presents at an 
earlier age than does juvenile OS. De la Cruz noted in his 
series that congenital footplate fixation was detectable at 
age 3, whereas juvenile OS was not detectable until about 
age 10 (19). In the setting of lateral ossicular chain fixa- 
tion, the malleus and/or incus become fixed in the epi- 
tympanum (usually at the superior malleolar ligament), 
resulting in immobility of all the ossicles; this can occur 
congenitally or may be acquired through tympanoscle- 
rosis. The entire ossicular chain must be examined with 
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Additional Tests 
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Figure 154.2 An audiogram of a 27-year-old Caucasian woman with OS demonstrating a near- 
maximum CHL in the left ear and a Carhart notch at 2,000 Hz in both ears. Notice that discrimination 
remains at 100% in both ears. 


every exploratory tympanotomy to avoid overlooking this 
lesion. Tympanosclerosis can mimic OS, but a history of 
recurrent otitis media or tympanostomy tubes is usually 
present. In addition, the TM is often thickened with associ- 
ated myringosclerosis. Persistent middle ear effusion, neo- 
plasms of the middle ear and EAC (such as glomus tumors 
or facial nerve tumors), and chronic suppurative otitis 


media with and without cholesteatoma can also cause 
CHL. Audiometry and physical examination should help 
make the diagnosis apparent (16). 

Paget disease (osteitis deformans) is a disease with dif- 
fuse bony involvement that is histologically similar to OS. 
In contrast to OS, Paget disease begins in the periosteal 
layer and involves the endochondral bone last. Temporal 
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Figure 154.3 High-resolution axial temporal bone CT scan dem- 
onstrates extensive OS involving the right cochlea. A classic “halo” 
sign (arrow) surrounds the cochlea. 


bone involvement can produce SNHL, but stapes involve- 
ment or fixation rarely occurs (20). 

Osteogenesis imperfect (van der Hoeve-de-Kleyn syn- 
drome) is an autosomal dominant defect of osteoblast 
activity resulting in multiple fractures. Stapes fixation 
and unique blue sclera are also found in 40% to 50% of 
affected patients. Stapes surgery can be performed in these 
patients, usually with results similar to those in patients 
with OS (Table 154.1) (21). 


TABLE 1 : nae es she 
D| DIAGNOSIS OTOSCLEROSIS 


154.1 


History 
Progressive hearing loss 
Family history of OS 
Tinnitus 
Possible vestibular symptoms (rule our Méniére or SSCD) 
Otitis media/otorrhea (absent) 
Head trauma (absent) 


Physical examination 
Tympanic membrane (normal) 
Schwartze sign 
Rinne test (negative at 256 and 512 Hz) 
Weber test (lateralizes to side with greater CHL) 


Ancillary studies 
Audiogram (assess for CHL, mixed HL, SNHL, Carhart notch) 
Tympanometry (type A or As; absent or on-off stapedial reflex) 
Imaging (CT scan showing radiolucent areas around bony labyrinth) 


CHL, conductive hearing loss; CT, computed tomography; HL, hearing 
loss; SNHL, sensorineural hearing loss; SSCD, superior semicircular 
canal dehiscence. 


MANAGEMENT 


Ninety percent of patients with histologic evidence of OS 
are asymptomatic; active lesions usually mature without 
stapedial fixation or cochlear loss. In the symptomatic 
patient, slowly progressive CHL and SNHL usually begins 
between the ages of 30 and 50 years with a peak incidence 
in the 40s (22).The disease may advance more rapidly 
at times, possibly depending on environmental factors. 
Periods of progress may be followed by periods of quies- 
cence. The CHL stabilizes at a maximum of 50 to 60 cB. 


AMPLIFICATION 


Patients with hearing loss secondary to OS should be 
offered the option of amplification with typical hearing 
aids as an alternative to observation or surgery. Unilateral 
or bilateral hearing aids may provide effective treatment. 
Some patients may not be suitable candidates for sur- 
gery, making amplification the only reasonable option. 
Another option is to use bone conduction hearing aid. 
A bone anchored hearing aid (BAHA) is another option for 
patients with CHL or MHL secondary to OS who cannot 
wear a hearing aid. Two BAHA systems are currently avail- 
able in the United States (BAHA, Cochlear Corporation; 
PONTO, Oticon). A BAHA bypasses the ossicular chain 
and amplifies sound that stimulates the cochlea directly 
through bone conduction. McLarnon et al. (23) reported 
that satisfaction levels for three groups of patients receiv- 
ing a BAHA was highest in patients with congenital aural 
atresia, followed by patients with OS, and was lowest in 
patients with single-sided deafness (e.g., acoustic neu- 
roma patients). 

Although amplification avoids potential risk of pro- 
found hearing loss that could occur from surgery, it is 
not capable of providing many of the benefits or patient 
satisfaction of successful stapes surgery. Hearing aids are 
usually not used at night. The canal occlusion effect, dif- 
ficulties with feedback, and the physical sensation of the 
device within the EAC are disagreeable and have a negative 
impact on patient satisfaction. In addition, in the United 
States most insurance companies cover the costs of surgery 
but few cover the cost of hearing aids, which include bat- 
teries and a finite lifespan of 3 to 5 years. 

For those with severe to profound SNHL bilaterally 
due to OS, cochlear implantation is an option. However, 
Rotteveel et al. (24) reported that partial electrode inser- 
tions, misplacement of the electrode, and inadvertent facial 
nerve stimulation are more likely than in patients without 
OS and normal cochlear anatomy. 


MEDICAL MANAGEMENT 


Medical therapy can be considered for all patients with OS, 
whether they are managed by observation, amplification, 
or surgery. In 1923, Escot was the first to suggest the use of 


TABLE 


COMPLICATIONS 


154.2 FS OTOSCLEROSIS SURGERY 


Intraoperative 
Bleeding (high jugular bulb, tympanomeatal flap, persistent 
stapedial artery, mucoperiosteum) 
Facial nerve injury (<1%) 
Perilymph gusher 
Fracture/dislocation of incus 
Floating footplate 


Postoperative 
Acute otitis media 
TM perforation 
CHL (middle ear effusion, displaced prosthesis, incus erosion) 
SNHL, vertigo, tinnitus (due to intraoperative trauma, 
labyrinthitis, reparative granuloma, perilymph fistula) 
Facial nerve palsy (local anesthetic, intraoperative trauma, 
delayed Bell palsy) 


CHL, conductive hearing loss; OS, otosclerosis; SNHL, sensorineural 
hearing loss; TM, tympanic membrane. 


calcium fluoride for the treatment of OS (25). Shambaugh 
(11) predicted stabilization of OS lesions with the use of 
sodium fluoride. Fluoride ions replace the usual hydroxyl 
radical, forming a more stable fluorapatite complex instead 
of hydroxyapatite crystal. The fluorapatite complex resists 
osteoclastic degradation that has been confirmed with his- 
tology. The effect of fluoride on OS remains to be eluci- 
dated, but many otologists prescribe it to stabilize active 
OS in an attempt to prevent progression of CHL, SNHL, 
and dizziness (25). 

The recommended dosage of sodium fluoride is 20 to 
120 mg/d. Evaluation of efficacy may be based on the dis- 
appearance of Schwartze sign (if it was present), stabiliza- 
tion of hearing, and improvement in the CT appearance 
of the otic capsule. Side effects of this therapy are usually 
minor. Gastrointestinal side effects (nausea) may affect 
patient compliance, but these effects can be minimized 
by lowering the dose or using enteric-coated tablets. Bone, 
muscle, or joint pain occasionally occurs with fluoride 
therapy, which usually resolves with temporary discon- 
tinuation of therapy. Rarely, fluid retention, cutaneous 
eruptions, and eye problems occur. Using this treatment 
regimen, patients may improve or show no progression of 
their symptoms (Table 154.2) (25). 


SURGICAL MANAGEMENT 


Although Rosen (8) introduced the stapes mobilization 
procedure in 1953, most otologists replace the stapes 
superstructure with a prosthesis (due to reduced risk of 
recurrent fixation). The stapedectomy was popularized by 
John Shea in the late 1950s (26). He removed the entire 
footplate and placed a vein graft to close off the vestibule. 
The stapes superstructure was reconstructed with a poly- 
ethylene prosthesis (26). This procedure has since been 
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modified by using a wire prosthesis with an attached piece 
of fat, connective tissue, or gelatin material. The use of 
gelatin material in replacement of the footplate is no lon- 
ger advocated secondary to the increased risk of reparative 
granuloma formation. Partial stapedectomy and stapedot- 
omy have also been performed (instead of a total stape- 
dectomy). Further modifications of these procedures have 
been described, but the essential principles have remained 
the same (27). 


PATIENT SELECTION 
AND CONTRAINDICATIONS 


The clinical circumstances favoring successful stapes surgery 
include unacceptable CHL, reversal of the Rinne 512-Hz 
tuning fork exam (bone conduction greater than air con- 
duction), and good word recognition. When maximal CHL 
due to OS coexists with significant SNHL, detection of the 
bone line and conductive component can be difficult due 
to the limits of the audiometer. The situation is worse with 
bilateral MHL. Air-conduction thresholds may be present 
at very low levels (90 to 100 dB) or entirely absent. A his- 
tory of progressive hearing loss should raise suspicion that 
OS may be involved. Suspicion should be heightened if dis- 
crimination scores or the ability to function appears much 
better than one would expect with such a significant degree 
of hearing loss. The presence of As tympanograms, abnor- 
malities of stapedial reflex, or a family history of OS should 
raise suspicion even further. Use of the tuning forks may 
also separate advanced OS from SNHL of other causes (28). 

ACT scan will sometimes permit a diagnosis of advanced 
OS when audiometry is inconclusive. If advanced OS is 
suspected, exploratory tympanotomy should be consid- 
ered. Stapedectomy in such a setting can produce meaning- 
ful results. Air-conduction thresholds and discrimination 
scores can be improved enough to allow more effective 
amplification (29). 

Age is an important consideration when contemplating 
stapes surgery. A temporal bone CT scan is recommended in 
any patient presenting with a normal otoscopic exam and 
conductive or MHL present since childhood. Inner ear mal- 
formations are occasionally identified in the pediatric age 
group and can present with mixed or CHL. Amplification 
is typically recommended when an inner ear malformation 
is identified in patients with conductive or MHL (30). The 
very young patient has a higher incidence of OW reclosure 
after a successful initial procedure. Although revision can 
be performed, a secondary procedure in any patient has 
a reduced success rate and a greater risk for postoperative 
SNHL. De la Cruz noted that in addition to being mani- 
fest at an earlier age, congenital footplate fixation is less 
likely to have a positive family history (19). Half of the 
children with juvenile OS have a positive family history, 
but only 10% of children with congenital footplate fixa- 
tion have other family members with CHL. Patients with 
X-linked CHL have a high incidence of poststapedectomy 
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profound SNHL due to a perilymph (cerebrospinal fluid 
[CSF] leak) gusher. The incidence of congenital anomalies 
of the malleus and incus is substantially higher in children 
with congenital footplate fixation (25%) than in children 
with juvenile OS (3%). This difference in abnormalities 
of the remainder of the ossicular chain probably accounts 
for the poorer results. Eighty-two percent of the children 
with juvenile OS had closure of the air-bone gap to within 
10 dB. This is in contrast to children who had congenital 
footplate fixation: only 44% had closure within 10 dB. Very 
young children with OS are also at greater risk postopera- 
tively due to their increased incidence of otitis media and 
eustachian tube dysfunction (27). 

Age is an important variable for surgical outcome; 
poorer results in the high-frequency range have been seen 
in older patients who have undergone stapes surgery. 
However, Meyer and Lambert (30) reviewed the recent 
literature and reported that primary and revision stape- 
dectomy is still a reasonable option in elderly patients. 
Lifestyle and occupation are important factors in selecting 
patients for stapedectomy. Persons whose activities include 
repeated exposure to barometric pressure changes (e.g., 
scuba diver) may be at greater risk for postoperative fistula 
and prosthesis dislocation. Patients whose work or hob- 
bies dictate excellent balance should be considered ques- 
tionable candidates for surgery. Amplification instead of 
surgery is recommended in individuals whom taste is of 
the utmost importance (e.g., chefs, vintners), secondary to 
the risk of stretching or cutting the chorda tympani nerve 
with resultant dysgeusia (31). 

Patients with otologic complaints not attributed to their 
OS must be carefully evaluated. For example, patients with 
Méniere disease and OS have a greater risk of cochlear 
hearing loss after stapedectomy. Patients with TM per- 
forations and OS should have their perforations success- 
fully repaired before attempted stapedectomy (i.e., staging 
of the ear). The incidence of severe to profound SNHL 
is much greater if stapedectomy is performed in an ear 
with a perforation. Patients with a history of severe eusta- 
chian tube dysfunction or a history of cholesteatoma are 
not good candidates for stapedectomy. Those with canal 
exostoses that are obstructing surgical access should have 
them removed before the stapedectomy. Relative contra- 
indications for stapes surgery include the presence of an 
external or middle ear infection or effusion, suspected 
endolymphatic hydrops, active OS (positive Schwartze 
sign, pregnancy, and TM atelectasis). Patients with external 
ear infections or otitis media can undergo stapes surgery 
once the process has resolved. Patients presenting with OS 
and endolymphatic hydrops can undergo stapes surgery if 
they have been symptom free from their Méniére disease 
for at least 6G months. An absolute contraindication for sta- 
pes surgery is OS in an only hearing ear (27). 

Stapes surgery should initially commence with the 
poorer hearing ear in patients with bilateral OS. The likeli- 
hood of achieving serviceable hearing in a unilateral MHL 


is an important consideration. Improved communication 
in such a patient may not be achieved after elimination 
of the CHL due to the continued SNHL. Some surgeons 
believe that significant high-frequency SNHL after stapedec- 
tomy in the first ear contraindicates attempting the second. 
A minimum of approximately 6 months should elapse 
before attempting surgery on the second ear due to the small 
but present risk of delayed postoperative hearing loss (32). 


PATIENT COUNSELING 


Observation, fluoride use, and a trial of hearing aid use are 
discussed with every patient, whether they have CHL or 
MHL. The patient must understand the elective nature of the 
procedure. The patient must be candidly informed of the risk 
of stapedectomy (postoperative deafness of less than 2%). 

Stretching or contusion of the chorda tympani nerve 
is quite common and can produce alteration of taste (or 
rarely, dryness of the mouth). When these symptoms occur, 
they are usually self-limited and disappear in a few weeks 
or months. A severely stretched or contused chorda tym- 
pani nerve may produce more symptoms than one that is 
divided. Dehiscence of the fallopian canal over the OW can 
permit exposure or prolapse of the facial nerve. If the nerve 
is traumatized or injured during the stapes procedure, 
facial nerve palsy can result. Fortunately iatrogenic facial 
nerve paralysis is quite rare in the setting of stapes surgery 
(less than 1:1,000) (33). Facial nerve paralysis occurs less 
than 0.5% of the time and most commonly presents 7 to 
10 days after surgery secondary to reactivation of the her- 
pes simplex virus. Delayed facial paralysis is managed with 
oral prednisone, antivirals, and appropriate eye care (34). 

A postoperative TM perforation may occur 2% of the 
time as a consequence of trauma or vascular injury to the 
TM flap. Acute balance disturbance is common after sta- 
pedectomy. It usually resolves in 3 to 7 days. Long-term 
balance disturbances or vertigo rarely occur. Sparano et al. 
(35) reported that 85% of patients with tinnitus improved 
after stapedectomy (with 52.5% reporting complete reso- 
lution, 12.5% reporting no change, and 2.5% reporting 
worsening of their tinnitus). 


SURGICAL TECHNIQUE 


A well-performed stapes procedure is gratifying for both 
surgeon and patient; however, stapes surgery is one of the 
most technically challenging procedures performed by an 
otologist. One concern about current resident training is 
the paucity of stapes surgery being performed. Prior to 
graduation, the average number of cases a resident per- 
forms as the operating surgeon is three. Vrabec and Coker 
(36) proposed that the number of surgical OS cases per 
surgeon could be decreasing due to the use of measles 
vaccination and because the number of surgeons able to 
perform the surgery has increased significantly over the 
past 30 years. The pros and cons of local versus general 


anesthesia must be presented to the patient. Although 
general anesthesia is often easier for the patient and sur- 
geon, local anesthesia may be safer to the patient (sys- 
temically) and to hearing preservation. Local anesthesia 
allows the patient to provide feedback about whether 
any dizziness is occurring during the procedure, allow- 
ing the surgeon to terminate the procedure momentarily 
or permanently. The patient can also let the surgeon 
know about the status of hearing improvement or loss 
intraoperatively. 

Two keys to stapes surgery are adequate exposure and 
hemostasis. Preoperatively, the ear canal and TM are care- 
fully inspected for evidence of inflammation or infec- 
tion that would dictate postponement of the procedure. 
The patient can also be consented for use of endaural or 
postauricular approaches if the ear canal is too small for a 
transcanal approach. Ear canal vibrissae may be trimmed 
to improved operative exposure. Trauma to the drum or 
the ear canal from the preparation can occur, making the 
procedure more difficult. The ear canal is injected with 
local (1% lidocaine with 1:100,000 epinephrine) for both 
anesthetic and vasoconstrictive effect with care being taken 
to avoid blebbing of the osseous canal skin. The ear is then 
prepped and draped in the usual sterile fashion. The larg- 
est speculum that can be placed is used; in adults, a 7-mm 
speculum can usually be placed. Some surgeons prefer to 
use a black speculum as opposed to a silver speculum; the 
black color absorbs light and is less likely to reflect light 
from the microscope back to the surgeon. It is often pos- 
sible to dilate the ear canal during the procedure with 
progressively larger speculums. A speculum holder is 
used by some surgeons to reduce the technical demands 
of stapes surgery. A tympanomeatal flap is elevated from 
the 6 o’clock to 12 o’clock position superior to the level 
of the lateral process of the malleus. The superior expo- 
sure is important to allow inspection of the epitympanum 
and lateral ossicular chain if necessary. The flap is approxi- 
mately 6 mm wide, as measured from the fibrous annulus. 
This flap must be sufficient to cover any osseous defect cre- 
ated by curetting the scutum (Fig. 154.4). 

The TM is elevated with the fibrous annulus (Fig. 154.5). 
The chorda tympani nerve is identified and preserved if 
possible. Enough scutum (the medial most posterior- 
superior EAC wall) is removed to visualize the OW, pyra- 
midal process, and the tympanic facial nerve (Fig. 154.6). 
The scutum may be removed either with a sharp curette or 
drill. Care is taken to assess whether the facial nerve has 
an aberrant course or if the nerve is dehiscent or herniat- 
ing too much to allow the procedure to continue. Prior to 
assessing stapes movement, the lateral ossicular chain is 
assessed for normal motion; one needs to rule out other 
causes of preoperative CHL. The stapes superstructure and 
footplate are palpated. A RW reflex can also be assessed. 

A stapes mobilization instead of a stapedectomy or 
stapedotomy can be performed in selected cases. Stapes 
mobilization may be performed in a select group of 
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Line of incision 


Figure 154.4 Typical design for a tympanomeatal flap. 


patients, in whom a small point of fixation from OS can 
be seen and where improved stapes mobility can be clearly 
demonstrated. This technique can also be used in cases of 
tympanosclerosis. Poe (37) described a minimally invasive 
mobilization using an endoscope and the argon laser to 
potentially avoid the placement of a prosthesis; he called 
the procedure a stapedioplasty. Long-term follow-up of 
patients undergoing stapes mobilization frequently dem- 
onstrate refixation (38). 

Anterior crurotomy with partial stapedectomy, as 
described by Hough in 1960, requires removal of only 
the anterior footplate and crus (39). This procedure 
is helpful in a patient with isolated anterior fixation at 
the fissula ante fenestram. The footplate is fractured in 
its midportion, and only the anterior half is removed. A 


Figure 154.5 Technique for tympanomeatal flap elevation. The 
skin is elevated to the tympanic sulcus, and then the annulus is 
elevated from the sulcus. 
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Annulus 


Figure 154.6 The tympanomeatal flap is now elevated. The 
dotted line indicates the area of bone removal for exposure to 
the OW. 


connective tissue graft is then placed over the exposed 
area. The IS joint is not disturbed. The stapedial tendon 
is not divided, which makes this technique of potential 
benefit to patients working in a noisy environment (39). 
This technique has been further modified with the intro- 
duction of the laser that facilitates removal of the anterior 
crus and footplate (38). 

Introduction of the laser has significantly reduced the 
technical demands of stapes surgery especially in revi- 
sion cases. Perkins (40) was the first to use the laser in the 
treatment of OS in 1980. Since his original description, 
several types of lasers have been used: argon, potassium-— 
titanyl-phosphate (KTP), erbium-YAG, and carbon diox- 
ide. A laser provides the surgeon with a “no touch” means 
of transecting the stapes crura and fenestrating the sta- 
pes footplate. A CO, laser allows for rapid vaporization 
of bone and soft tissue and is the least traumatic to the 
membranous labyrinth medial to the stapes footplate. 
KTP and argon have a more favorable hemostasis pro- 
file as compared to a CO, laser and up until recently had 


A 


Stapes tendon (cut) 


the advantage of using a handheld probe as opposed to a 
micromanipulator. No difference has been shown between 
different types of lasers in terms of safety and efficacy or 
between lasers and the use of a drill or microinstruments. 
Surgeons using the laser should become very familiar with 
individual laser properties and settings (power, pulse dura- 
tion, pulse interval) so as to reduce the risk of thermal inju- 
ries to the facial nerve and inner ear. Irrigation, short pulse 
durations, and clustering laser shots all serve to reduce 
heat in the operative site, thus reducing the risk of thermal 
injuries. A retrospective study of patients undergoing argon 
laser or carbon dioxide laser stapedotomy (~60 patients in 
each group) demonstrated no difference in the incidence 
of postoperative complications, hearing improvement, or 
speech discrimination (41). The surgeon's operative experi- 
ence and skill are considered the most important factors in 
determining the success and incidence of complications. 
Surgeon preference often dictates the whether one 
should perform a total stapedectomy, partial stapedec- 
tomy, or stapedotomy with the current practice trending 
toward partial preservation of the footplate. In patients 
undergoing stapedectomy or stapedotomy, a measuring 
tool is used to assess the distance between the footplate 
and the distal incus long process. Placing a control hole 
in the stapes footplate is sometimes performed to reduce 
the risk of injuring the membranous labyrinth in the event 
that the footplate subluxes from the OW while manipu- 
lating the stapes (Fig. 154.7). Dividing the IS joint prior 
to transecting the stapedial tendon provides additional 
stability to the stapes thus reducing the chance of floating 
or fracturing the footplate. A laser or otologic scissors are 
used to divide the stapedius tendon allowing visualization 
of the posterior crus of the stapes. Transecting the posterior 
crus of the stapes with a laser reduces the chance of a float- 
ing or fractured stapes footplate. The anterior crus of the 
stapes, in some cases, can also be transected with a laser. 
The stapes superstructure is then down-fractured toward 


B 


Figure 154.7 A: The tympanomeatal flap is now elevated, and bone has been removed. The 
stapedial tendon is divided by a pair of microscissors. B: Control holes are placed in the stapedial 


footplate. 


Figure 154.8 The stapedial superstructure is removed after frac- 
turing of the anterior and posterior crus. 


the promontory and is extracted (Fig. 154.8). The entire 
footplate is then removed in a piecemeal fashion using 
small right angle hooks of varying sizes for a stapedectomy 
(Fig. 154.9). Care is taken to avoid injuring the inner ear 
now that the vestibule has been exposed. Perilymph may 
be suctioned in an area away from the vestibule. However, 
one must avoid direct suctioning in the vestibule and a 
resultant dry vestibule, which has a risk of postoperative 
deafness. The OW is sealed with a graft, and the prosthesis 
is placed (Fig. 154.10). The most common tissue types used 
for grafting are the dorsal hand vein, tragal perichondrium, 
or fascia. Schmerber et al. (42) recently reported that use of 
a vein graft (as opposed to perichondrium) showed better 
postoperative air-bone gap closure and a lower incidence 
of postoperative SNHL. 
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Some cases of OS have formation of exuberant sclerotic 
bone that fills and obliterates the OW niche. Obliterative 
OS is encountered less commonly now than previously. 
When present in one ear, obliterative OS is present in the 
contralateral ear in 50% of cases. Obliterative OS requires 
thinning of the thickened footplate before creation of a 
fenestration and prosthesis placement. Thinning is usually 
accomplished with a small electrical or hand drill, which 
can also be used to perform the fenestration. The fenestra 
is usually 0.4 to 0.6 mm in diameter. A prosthesis is then 
placed through the fenestra into the vestibule. The vesti- 
bule is sealed by placing soft tissue around the prosthe- 
sis. However, some surgeons use just a blood seal with the 
stapedotomy approach. Ayache et al. (43) demonstrated 
a 62% success rate (with closure of the air-bone gap to 
10 dB or less) in the drill-out procedure. As experience 
grew with the drill-out procedure for obliterative OS, some 
otologists began using the stapedotomy technique in all 
their patients with OS. The surgical technique involves 
creating a fenestra in the midportion of the stapes using 
a drill, picks, laser, or a combination thereof. The steps 
of a stapedotomy are identical to stapedectomy up until 
footplate work is initiated. A rosette pattern is created in 
the midportion of the footplate with a laser (Fig. 154.11). 
A Micropick or Skeeter drill is then used to complete the sta- 
pedotomy (Fig. 154.12). After a stapedotomy is performed, 
a prosthesis is then positioned over a tissue graft or the graft 
is positioned around the stapedotomy (Fig. 154.13). An 
autologous blood patch or hyaluronic acid gel can also be 
used to seal the OW in place of a tissue graft (43,44). 

Longstanding results of the stapedotomy procedure 
have been comparable to a total stapedectomy. Some 
reports suggest a decrease in postoperative cochlear deaf- 
ness and improvement in the air-bone gap closure above 
2,000 Hz with stapedotomy. Stapedotomy and partial 
stapedectomy may show better postoperative hearing at 
higher frequencies (4,000 Hz) than total stapedectomy; 


Extraction of posterior crus 


B 


Figure 154.9 A: The posterior half of the stapedial footplate is removed with a sharp pick. B: The 
anterior half of the stapedial footplate is removed by a joint knife or Hough hoe. 
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Prosthesis 


Figure 154.10 Prosthesis in place. 


however, total stapedectomy may result in improved gains 
at lower frequencies (250 and 500 Hz) (44). 

Numerous stapes prostheses have been developed since 
John Shea popularized the stapedectomy procedure. Early 
prostheses with a sharp or beveled end were found to cause 
a prohibitive number of postoperative fistulae. The designs 
that have proved most effective include a connective tis- 
sue OW graft and piston prosthesis. Tissue can be obtained 
from tragal perichondrium, dorsal hand vein graft, or 
temporalis fascia. The graft is combined with a variety 
of prosthetic designs, such as a wire Teflon piston or a 
Robinson-type bucket-handle prosthesis, which has a wire 
loop that is placed over the lenticular process of the incus. 
If the stapedotomy procedure is performed, the prosthesis 
is positioned, and connective tissue is placed around the 
prosthesis base to seal the vestibule or autologous blood is 
used to fill the middle ear space (Fig. 154.9). A recent addi- 
tion to the variety of available stapes prostheses is a heat- 
activated self-crimping prosthesis, thus eliminating the 
crimping step necessitated by prior piston type implants. 
The heat-activated nitinol stapes prostheses also allow for 
a more uniform crimp around the incus thus reducing the 
risk of a loose prosthesis (45). 
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Figure 154.11 A rosette pattern is created with a laser in the 
midportion of the footplate. This step can be completed prior to 
down fracturing the stapes or after this step. 


“Skeeter drill” 
completes fenestra 


Figure 154.12 A Skeeter drill is used to complete the stapedotomy. 


After completion of the desired procedure, the TM flap 
is returned to its normal anatomic position. The EAC may 
be dressed in a variety of ways (e.g., packed with gelatin 
sponge, antibiotic ointment), depending on the surgeon’s 
preference. The use of perioperative antibiotics is com- 
mon, despite the lack of statistical evidence of their ben- 
efits. Perioperative steroids may be used to reduce the 
incidence of anesthesia-induced nausea, and vomiting. In 
the immediate postoperative period, the patient is asked 
to avoid lifting and straining for about 1 month. Nose 
blowing should be discouraged. The patient should also 
cough or sneeze with the mouth open, to reduce the risk of 
increased middle ear pressure and displacement of the TM. 
The patient is kept on dry ear precautions until the TM has 
completely healed. 

Immediate hearing improvement is noted in some 
patients intraoperatively when the procedure is done 


Prosthesis in place 


Figure 154.13 A tissue graft can be used to cover the stapedot- 
omy prior to placement of the prosthesis to decrease the risk of 
a postoperative perilymph fistula. The prosthesis is then engaged 
between the incus lenticular process and the stapedotomy. 


under local anesthesia or in the post anesthesia care unit 
in those undergoing a general anesthesia. Other patients 
report a more gradual hearing improvement with occa- 
sional associated vestibular symptoms, probably due to 
serous labyrinthitis. Balance disturbances usually resolve 
within 1 to 2 days but occasionally linger for a few weeks. 
A postoperative audiogram is obtained 2 to 3 months after 
surgery, allowing enough time for middle ear fluid and 
blood to resorb. Postoperative hearing results reveal clo- 
sure of the air-bone gap to within 10 dB of the preopera- 
tive bone-conduction level in 90% of patients (46). About 
10% of patients experience either worsening hearing or 
no improvement. About 2% of patients suffer persistent 
and profound SNHL. Recent evidence has suggested a pro- 
gressive high-frequency SNHL in some poststapedectomy 
patients. It is unclear whether this is due to cochlear OS or 
long-term postsurgical effects (47). 

The otolaryngologist should be aware of certain com- 
plicating factors associated with stapes surgery. Anatomic 
variations of the middle ear sometimes alter the surgical 
procedure. Occasionally, a high or dehiscent jugular bulb 
is encountered. If it is injured, the middle ear must be 
packed to tamponade the bleeding before continuing with 
surgery. Continued or persistent bleeding may require 
termination of the procedure. One must be sure that the 
bleeding is due to a jugular bulb and not an aberrant inter- 
nal carotid artery. A persistent stapedial artery that courses 
in the obturator foramen of the stapes can be a compli- 
cating factor due to its bleeding potential. This artery is 
the embryologic remnant of the second branchial arch. To 
gain access to the footplate, the vessel must be divided or 
displaced or the procedure will need to be aborted. Blood 
that enters the vestibule increases the risk of postoperative 
SNHL (48). 

Careful and complete inspection of the middle ear 
should be performed at each exploratory tympanotomy. 
Other causes of CHL, such as malleus head fixation, can 
be associated with OS. Malleus head fixation can be con- 
genital or caused by immobility of the ossicular chain, 
allowing for ankylosis to the attic wall. Mobilization of the 
malleus can sometimes be accomplished through a limited 
atticotomy if the fixation point is at the head. Calcification 
of the anterior or posterior malleolar ligaments can read- 
ily be removed and is facilitated with the laser. Addressing 
lateral chain fixation should only proceed after the IS joint 
has been divided. Unfortunately, mobilization is often fol- 
lowed by refixation (49). 

A dehiscent or inferiorly displaced fallopian canal with 
or without a prolapsed facial nerve can at times obscure 
the OW. If footplate removal and prosthesis placement can 
be achieved safely, surgery should continue. If the surgeon 
believes the nerve is in jeopardy, the procedure should be 
aborted. 

A profuse perilymph gusher (i.e, CSF leak) is rarely 
encountered. A perilymph gusher is believed to be due to 
a patent cochlear aqueduct or more commonly a modiolar 
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defect with communication to the fundus of the internal 
auditory canal. This finding is more frequently identified in 
patients with congenital footplate fixation. Complete sta- 
pes footplate removal in the presence of a gusher increases 
the risk of postoperative cochlear deafness. The fenestra- 
tion (control hole) placed before footplate removal should 
allow for early identification of this problem. Measures to 
control a perilymph gusher include elevation of the head 
of bed, small fenestra stapedotomy, and placement of a tis- 
sue seal over the footplate defect. Wiet (10) recommended 
placing a prosthesis in order to hold the tissue seal in place. 
At times, a lumbar drain may be needed to decompress the 
subarachnoid space to allow for adherence of the graft to 
the defect in the footplate (10). 

Fracture of the incus long process can occur during 
stapedectomy. It may follow separation of the IS joint, 
placement of the prosthesis, or curettage of the scutum. 
Usually, the prosthesis can be placed on the remaining 
incus, but a malleus to OW prosthesis may be needed. 
A notched bucket-handle prosthesis is ideally suited for 
short to medium incus long process defects and frequently 
produces excellent hearing results (50). Staging the proce- 
dure and coming back at a later time may allow the incus 
to heal and be utilized in the future, because a malleus to 
OW prosthesis is more difficult to place and typically has 
poorer postoperative hearing results (51). 

It is difficult to remove a nonfixed (floating) stape- 
dial footplate after the crural arches have been fractured. 
Attempts to manipulate the footplate may push it medi- 
ally into the vestibule. This is a case in which the laser may 
be used to atraumatically remove or ablate the footplate. 
In addition, one of the purposes of the control hole made 
before fracturing the crura is to provide access to the foot- 
plate, if it inadvertently becomes mobilized. Small right 
angle hooks or needles can be placed through the hole to 
lift the footplate out of the vestibule. An alternative strat- 
egy for managing a floating footplate is to drill a shal- 
low groove in the inferior part of the OW niche. A small 
hook can then be passed beside the footplate to remove 
it. If all or part of the footplate is significantly depressed 
into the vestibule, it is best left there. Attempts to remove 
it can result in significant SNHL. A connective tissue graft 
and prosthesis can be placed lateral to the depressed foot- 
plate. In this setting, postoperative disequilibrium can be 
expected but is usually self-limited (52). 

The use of a local anesthetic such as lidocaine can cause 
intraoperative or postoperative vertigo. Lateral canal stimu- 
lation from irrigation fluids can cause vertigo, as can chem- 
ical irritation of the labyrinth from the local anesthetic. 
Palpation of the footplate or a long prosthesis can cause 
vertigo from direct mechanical stimulation of the underly- 
ing otolith organs (saccule, utricle) (53). 

TM tears should be avoided. If a small tear occurs, it 
can be repaired with a leftover piece of the OW grafting 
material. Persistent postoperative perforations should be 
repaired within 4 to 6 weeks after surgery to prevent any 
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CLINICAL INDICATORS FOR 
yey) STAPEDECTOMY 


Strategy 
Indicators (one of the following) 
CHL without other source of conductive abnormality 
(e.g., perforated TM, serous otitis media) 
Laboratory tests (required) 
Audiogram with air-bone gap, speech reception threshold, 
and discrimination scores 


Other tests (as indicated) 
Impedance audiometry 
Type of anesthesia (as indicated) 
Location of service (as indicated) 
Process 
Criteria for discharge 
Recovery from anesthesia 
Absence of significant vertigo 
Ability to ambulate without assistance 
Absence of signs of infection 
Absence of significant ear drainage 
Outcome 
Results 
Follow-up 
Improvement in hearing 
Health of TM 


The American Academy of Otolaryngology-Head and Neck Surgery 
and the American Society for Head and Neck Surgery have published 
clinical indicators for surgical procedures. These clinical indicators are 
educational statements that have been drafted to assist surgeons in 
their practice and to promote discussion. These indicators are not 
practice guidelines nor do they represent standards of practice with 
which individuals must conform. 

TM, tympanic membrane. 


problems with transcanal contamination of the middle ear 
and a subsequent otitis media and SNHL (54). 

The most common cause for failure of stapedectomy 
has been prosthesis displacement, with or without incus 
erosion. Other causes of failure are footplate refixation, 
perilymph fistula, otosclerotic regrowth, and _ lateraliza- 
tion of the OW membrane. Patients need to be informed 
that revision surgery is usually not as successful as primary 
surgery. The possibility of postoperative cochlear deafness 
is also more common with revision surgery. Patients who 
seem to achieve better results in revision procedures are 
those who experienced an initial improvement in hearing 
followed by a gradual increase of the air-bone gap over a 
period of months or years (Table 154.3) (55). 


COMPLICATIONS/PITFALLS 


Complications after stapes surgery can occur immediately 
or in a delayed fashion. Vertigo or disequilibrium imme- 
diately after surgery is usually due to loss of perilymph, 
surgical trauma, or serous labyrinthitis. This symptom 
generally subsides within a few days. If dizziness does not 
improve within the first postoperative week, the use of 


corticosteroids may be of some benefit. Persistent vertigo 
may be due to a depressed footplate fragment, long pros- 
thesis, OW fistula, or a reparative granuloma. Benign par- 
oxysmal positional vertigo can also be seen during the 
postoperative course due to surgical injury to the utricle. 
This is usually self-limiting and resolves within several 
months (56). 

Acute otitis media is a rare postoperative complica- 
tion; if it does occur, it poses a serious threat to hear- 
ing in the operated ear. The newly created OW partition 
allows a middle ear infection to quickly involve the laby- 
rinth (suppurative labyrinthitis) and potentially meningi- 
tis. Historically, a beveled prosthesis on a gelatin sponge 
appeared to increase the risk of suppurative labyrinthitis. 
Intensive systemic antibiotic therapy for otitis media is 
begun immediately; if diagnosed early, the condition may 
improve without significant sequelae (57). 

The incidence of poststapedectomy granulation (i.e, 
reparative granuloma) is approximately 0.1% and usually 
becomes manifest within 7 to 15 days after surgery, but it 
can occur as late as 6 weeks postoperatively. The hallmark 
of poststapedectomy granulation is progressive SNHL after 
earlier postoperative hearing improvement. The granuloma 
can also be associated with vertigo, aural fullness, or tinni- 
tus. The TM appears thickened and the posterior superior 
aspect is erythematous. The audiogram typically reveals an 
MHL or SNHL that often is most severe in the high fre- 
quencies. The discrimination score is usually significantly 
lower than expected from the degree of hearing loss. If this 
complication is suspected, early surgical intervention is 
warranted. A CT scan can be helpful in the diagnosis of this 
process and to assess the status of the prosthesis/vestibule. 
Findings at surgery include a significant amount of granu- 
lation tissue around the OW and possible filling the mid- 
dle ear. Acute and chronic inflammation with capillaries, 
foreign body giant cells, chronic inflammatory cells, and 
fibroblastic proliferation is seen on histologic examination 
of the resected granuloma. Treatment involves removal of 
the OW seal and prosthesis with replacement using a differ- 
ent material. Risk factors for reparative granuloma include 
total stapedectomy, the use of gelatin sponge as the OW 
sealant, or the presence of powder on operating gloves. The 
overall outcome of this potentially devastating process is 
related to early diagnosis and treatment (58). 

Perilymph fistulae may occur in the early postopera- 
tive period or may be seen many years later. The initial 
complaints usually include fluctuating or progressive 
hearing loss associated with tinnitus or vertigo. A his- 
tory of sudden barometric pressure change or trauma 
may also be reported but is not necessarily diagnostic. 
Fistula testing by pneumatic otoscopy may be helpful. 
Audiometric testing usually reveals the expected SNHL, 
although fistulae rarely occur without hearing loss. The 
most important factor in diagnosis is a high clinical 
index of suspicion. If a fistula is thought to be present, 
conservative measures may be appropriate particularly 


in the immediate postoperative period, because surgical 
exploration is difficult. These conservative measures can 
include the use of acetazolamide and bed rest for 5 days. 
If symptoms continue, exploratory surgery with grafting 
of the OW is indicated. Findings at surgery may include 
a displaced prosthesis with or without an obvious fistula. 
Postoperative expectations include stabilization of the 
SNHL and resolution of the dizziness (55). 

Persistent or progressive CHL can follow stapedectomy. 
Loosening or displacement of the prosthesis, resorption of 
the incus long process, adhesions around the prosthesis, 
and further OS lesions can produce postoperative CHL. 
Significant hearing loss may warrant surgical exploration. 
It must be remembered that removal of the prosthesis is 
associated with a higher incidence of SNHL and a reduced 
closure of the air-bone gap (55). 


m= OS is a primary disease of the otic capsule that 
causes progressive CHL, SNHL, or MHL. 

m The disease is present histologically in 8% to 10% of 
the Caucasian population, but only 12% of patients 
with histologic changes actually present with clini- 
cal symptoms. 

= Histologically, the disease begins by bone resorp- 
tion around vascular channels and later matures as 
dense, sclerotic bone. 

= Patients suffering from OS typically present with 
a slowly progressive hearing loss over a period of 
years. 

m The physical appearance of the TM is typically 
normal. 

m The audiogram with acoustic immittance testing 
remains the key to diagnosis, revealing a CHL or 
MHL in most cases. 

m Patients presenting with a conductive or mixed 
hearing loss and intact acoustic reflexes should not 
undergo stapes surgery as this typically represents 
an inner ear third window (i.e., semicircular canal 
dehiscence, enlarged vestibular aqueduct). 

m Surgical therapy remains the mainstay of treatment 
for CHL from OS; however, this is an elective pro- 
cedure. Patients must be given the alternative of 
amplification. Medical treatment can be given to all 
patients. 

m Postoperative hearing results reveal closure of the 
air—bone group to within 10 dB of the preoperative 
bone-conduction level in 90% of patients. 

m The possibility of postoperative cochlear deafness is 
higher with revision surgery when compared with 
primary stapedectomy. 
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Acute Paralysis of the 
Facial Nerve 


Jeffrey T. Vrabec 


Acute facial palsy is a common diagnostic problem 
encountered by the otolaryngologist, but its presentation 
often provokes consternation on the physician’s part. This 
reaction stems from our limited knowledge of facial nerve 
pathology, from the shortcomings of currently popular 
electrophysiologic tests in defining nerve injury, and from 
the controversy surrounding the management of facial 
palsy. This chapter presents contemporary opinions on 
management of acute facial palsy. 


The cranial nerve VII is a complex motor/sensory nerve 
consisting of special visceral afferent, general visceral effer- 
ent, and special visceral efferent fibers (Fig. 155.1) (1). 
The special visceral afferent fibers convey the sense of taste 
from the sensory receptors on the anterior two-thirds of 
the tongue and project via the lingual and chorda tympani 
nerves to the geniculate ganglion and, hence, via the ner- 
vus intermedius to the tractus solitarius. 

The general visceral efferent fibers constitute a parasym- 
pathetic system with three subsets of postsynaptic fibers. 
The preganglionic fibers arise in the superior salivatory 
nucleus. One subset of fibers exits the facial hiatus within 
the greater superficial petrosal nerve, joins the deep petro- 
sal nerve in the vidian canal, and synapses at the spheno- 
palatine ganglion. Postsynaptic fibers then innervate the 
lacrimal and palatine glands. Another subset of pregangli- 
onic fibers within the lesser petrosal nerve synapses at the 
otic ganglion; the postsynaptic fibers provide secretory sup- 
ply, in part, to the parotid gland. The third subset of this 
parasympathetic system exits the temporal bone along the 
chorda tympani nerve and passes along the lingual nerve 
to synapse at the submandibular ganglion. The postsynap- 
tic fibers then provide the secretory supply to the subman- 
dibular and sublingual glands. 


Jerry W. Lin 


The special visceral efferent fibers arise within the facial 
motor nucleus and pass through the temporal bone, except 
for the fibers to the stapedius muscle, to exit the stylomas- 
toid foramen and innervate the auricular, posterior belly 
of the digastric, stylohyoid, and platysma muscles and the 
superficial facial musculature. 

Evidence that the sensory afferent fibers provide sensa- 
tion from the external auditory canal and proprioception 
from the face is contradictory. These fibers are thought to 
account for the otalgia experienced in Bell palsy and the 
vesicular eruption in herpes zoster infection. 

The intracranial segment of the facial nerve and the 
nervus intermedius exit the brainstem in a recess adjacent 
to the pons, cross the cerebellopontine angle ventral to 
the vestibuloacoustic nerve, and enter the internal audi- 
tory canal. The meatal segment of the facial nerve and the 
intermedius nerve occupy the anterior-superior quadrant 
within the canal and enter the fallopian canal at the meatal 
foramen superior to the crista transversa and anterior to 
the crista verticalis (Bill’s bar). The labyrinthine segment 
of the nerve courses 2 to 4 mm within the narrowest part 
of the fallopian canal to the geniculate ganglion, where 
the nerve makes an acute turn of 40 to 80 degrees (external 
or first genu) to enter the middle ear. Coursing posteriorly 
and slightly inferiorly above the cochleariform process 
and the oval window, the tympanic segment (11 mm) 
curves into the second (pyramidal) turn inferior to the 
horizontal semicircular canal. This turn has a more obtuse 
angle of 110 to 120 degrees. The mastoid segment then 
descends 13 mm vertically to the stylomastoid foramen. 
There are several branches of the nerve in its intratemporal 
course. At the geniculate ganglion, the greater superficial 
petrosal nerve courses anterior and medially. The branch 
to the stapedius muscle arises from the proximal mastoid 
segment while the chorda tympani exits the distal mastoid 
segment. The nerve to the posterior belly of the digastric 
is the first branch distal to the stylomastoid foramen. The 
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Figure 155.1 Efferent and afferent tracts of cranial nerve VII. The 
projection of the sensory fibers from the external auditory canal 
is undetermined. 1, Nucleus of facial nerve; 2, superior salivary 
nucleus; 3, solitary tract; 4, porus acusticus internus; 5, meatal fora- 
men; 6, greater petrosal nerve; 7, sphenopalatine ganglion; 8, max- 
illary nerve; 9, lacrimal gland; 10, deep petrosal nerve; 11, vidian 
nerve; 12, innervation of glands of nose and palate; 13, anastomosis 
with minor petrosal nerve; 14, stapedial nerve; 15, chorda tympani; 
16, stylomastoid foramen; 17, lingual nerve; 18, submandibular 
ganglion; 19, submandibular gland; 20, sublingual gland. (Modified 
from Miehlke A. Surgery of the facial nerve, 2nd ed. Baltimore, MD: 
Urban & Schwarzenberg, 1973:19, with permission.) 


special visceral efferent fibers constituting the extracranial 
segment enter the posterior parotid gland and undergo 
secondary and tertiary branching. These fibers ultimately 
innervate the five regions of mimetic musculature: tem- 
poral, zygomatic, buccal, mandibular, and cervical. The 
peripheral branches of the nerve are the most variable in 
location. 

Crossing nerve fibers at the level of the motor nucleus 
of the facial nerve in the brainstem leads to bihemispheric 
control of function in the upper half of the face and contra- 
lateral hemispheric control of function in the lower half of 
the face. Thus, forehead sparing can suggest a central versus 
a peripheral lesion of the facial motor pathway. 


SURGICAL ANATOMY 


Knowledge of the intratemporal anatomy of the facial 
nerve and the associated landmarks is critical to safe oto- 
logic surgery. The surgical approach to different segments 
of the nerve varies if middle and inner ear structures are 
to be preserved. When hearing is good, the meatal and 
labyrinthine segments of the nerve are approached via 
the middle cranial fossa (Fig. 155.2). This allows access 
to the internal auditory canal and/or geniculate ganglion. 
Important landmarks include the arcuate eminence, meatal 
plane, facial hiatus, and greater superficial petrosal nerve. 
The location of the internal auditory canal and meatal seg- 
ment is approximated by bisection of the angle formed 
between the plane of the superior semicircular canal (arcu- 
ate eminence) and the greater superficial petrosal nerve. 
The nerve occupies the anterior quadrant of the internal 
auditory canal. 


Figure 155.2 Surgical anatomy of the facial nerve in the middle 
cranial fossa. 7, facial nerve in the internal auditory canal; L, laby- 
rinthine segment; G, geniculate ganglion; T, tympanic segment; M, 
malleus; tt, tensor tympani; bb, Bill's bar; svn, superior vestibular 
nerve. 


Figure 155.3 Surgical landmarks to the facial nerve in the middle 
ear and mastoid. LSCC, lateral semicircular canal; PSCC, posterior 
semicircular canal; DR, digastric ridge; RF, retrofacial air cells; Vert, 
vertical segment proximal to stylomastoid foramen; Tymp, tympanic 
segment; CP, cochleariform process; Pyr, pyramidal eminence. 


Important landmarks for identification of the tympanic 
segment in the middle ear are the cochleariform process 
and the oval window. The nerve is located superior to these 
structures and inferior to the horizontal semicircular canal. 
The upper mastoid segment lies posterior and medial to 
the chorda tympani and medial to the facial recess air cell 
tract. The stapedius muscle and posterior semicirular canal 
are medial to the facial nerve. The lower mastoid segment 
is at the same level as the digastric ridge (Fig. 155.3), lat- 
eral to the retrofacial air cell tract. The mastoid segment 
of the nerve can be identified by removing the bone from 
the posterior aspect of the external auditory canal, thereby 
exposing the nerve on its lateral aspect. The surgeon should 
expect the nerve along a line drawn between the horizontal 
semicircular canal and digastric ridge. 

When hearing preservation is not an issue, the entire 
intratemporal course of the nerve can be exposed via 
the translabyrinthine approach. The mastoid segment is 
defined as above. Removal of the labyrinth allows skeleton- 
ization of the tympanic segment along its superior aspect. 
The labyrinthine segment is located just anterior and supe- 
rior to the ampulla of the superior canal. The internal audi- 
tory canal is identified medial to the vestibule. In the lateral 
end of the canal, the facial nerve is separated from the 
superior vestibular nerve by the vertical crest (Bill's bar). 


Anomalies of the Facial Nerve 


Anomalies of the facial nerve are rare, but their existence 
makes even the most experienced otologic surgeon wary. 
The most common “anomaly” is a dehiscence in the facial 
canal, which exposes the nerve to injury during temporal 
bone surgery. The most common location is the tympanic 
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segment over the oval window, followed by the geniculate 
ganglion and the mastoid segment adjacent to the retrofa- 
cial air cells (2). The intratemporal course of the nerve is 
usually constant, but variations do occur. Deviations in the 
labyrinthine segment are exceedingly uncommon; usually 
the finding in this area is a difference in the angulation of 
the nerve between the meatal foramen and the geniculate 
ganglion, which relates to the depth of the internal audi- 
tory canal below the floor of the middle fossa. In the tym- 
panic segment, the nerve may prolapse against the arch of 
the stapes, bifurcate around the stapes, or course below the 
oval window. Below the horizontal semicircular canal, the 
nerve may curve more acutely, making the prominent turn 
more susceptible to injury during an antrotomy. In the mas- 
toid segment, bifurcations and trifurcations are exceedingly 
rare, but when duplication exists, the nerves occupy separate 
bony canals and exit individual foramina. Anomalies of the 
fallopian canal are suspect in congenital atresia of the mid- 
dle ear and anomalies of the otic capsule (3). Thin-section 
high-resolution computed tomography (CT) of the facial 
canal is recommended to provide as much preoperative 
information as possible about the course of the facial nerve. 


Topographic Organization of the Facial Nerve 


Topographic organization of the intracranial or intratem- 
poral efferent and afferent fibers is not likely based on ani- 
mal studies (4,5). Thus, suggestions that the site of lesion 
within the temporal bone can be determined according 
to the degree of muscle weakness in different regions of 
the face are inaccurate. This lack of intratemporal organi- 
zation makes interfascicular repair of the nerve proximal 
to the stylomastoid foramen impractical and unnecessary. 
Synkinesis is inevitable with any reanastomosis or nerve 
grafting procedure. 


Arterial Supply to the Facial Nerve 


Both the carotid and vertebrobasilar arterial systems vas- 
cularize the intratemporal facial nerve. The labyrinthine 
artery, a branch of the anterior inferior cerebellar artery, 
provides the blood supply to the nerve within the internal 
auditory canal. The petrosal artery, a branch of the middle 
meningeal, supplies the nerve in the perigeniculate region 
and anastomoses with the stylomastoid artery, which feeds 
the mastoid and tympanic segments. The intratemporal 
facial nerve has a rich extrinsic anastomotic network to 
prevent ischemia, except in the labyrinthine segment at the 
junction between the carotid and vertebrobasilar systems. 


EVALUATION 
History 


A careful history narrows the scope of the differential diag- 
nosis and reduces the number of laboratory studies neces- 
sary to establish the cause. First, the onset of the paralysis 
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is defined as sudden, delayed, or gradual. Sudden refers to 
acute deterioration of facial function over a few days, either 
with or without an antecedent event. Delayed refers to 
acute deterioration in close temporal relationship with an 
antecedent event, though facial function is normal imme- 
diately following the event. Gradual refers to progressive 
loss over a period of weeks or longer. These definitions 
assume normal function prior to onset. When rapid deteri- 
oration occurs in a nerve exhibiting abnormal function, the 
onset is considered gradual or progressive unless there has 
been a lengthy period of stable facial function. Recurrent 
refers to facial palsy that occurs after a long period of stable 
recovery from a previous facial palsy. 

Next, the degree of paralysis is designated as complete 
or incomplete. This is often of great prognostic importance. 
Incomplete paralysis or paresis is usually associated with 
good prognosis for recovery, unless a neoplasm is diagnosed. 
Complete paralysis typically carries a guarded prognosis for 
return of normal facial movement, especially when accom- 
panied by electrical evidence of complete degeneration. 

Associated symptoms provide additional diagnostic 
clues. Numbness in the middle and lower face, otalgia, 
hyperacusis, diminished tearing, and an alteration in taste 
are common in Bell palsy and Ramsay Hunt syndrome. 
Intense ear pain and a vesicular eruption are the hallmarks 
of herpes zoster oticus. Sensorineural hearing loss and ver- 
tigo are symptoms of advanced disease involving the laby- 
rinth, the internal auditory canal, or brainstem. 

Recurrent facial palsy also may indicate a tumor, although 
some persistent dysfunction is likely in between episodes of 
worsening function. More common causes of recurrent palsy 
include Bell palsy and Melkersson-Rosenthal syndrome. 
About 7% of patients with Bell palsy develop recurrent 
palsy, with half of the recurrences on the ipsilateral side (6). 
Melkersson-Rosenthal syndrome is often familial, and the 
first episode of facial palsy usually occurs before 20 years (7). 
Associated findings include facial edema, particularly of the 
upper lip; fissured tongue; and migraine headaches. 

Any thorough history encompasses other medical con- 
ditions that may be incriminated in the differential diagno- 
sis of the palsy: cancer, sarcoidosis, autoimmune disorders, 
and previous surgeries in the posterior fossa, temporal 
bone, or parotid. 


Physical Examination 


The physical examination includes a complete head and 
neck evaluation with microscopic examination of the ear, a 
thorough assessment of the upper aerodigestive tract, anda 
cranial nerve assessment (III to XII) (Table 155.1). Obvious 
physical findings confirm many infectious, neoplastic, and 
traumatic diagnoses. Otorrhea, purulent middle-ear effu- 
sion, or obvious cholesteatoma indicate an infectious etiol- 
ogy. Slowly progressive weakness, temporal bone or parotid 
mass lesion, or segmental weakness (some _ branches 
paralyzed while others are spared) suggest a neoplasm. 


TABLE 
ASSESSMENT OF FACIAL PALSY 


155.1 


History 
Onset 
Duration 
Rate of progression 
Recurrent or familial 
Associated symptoms 
Major medical illness or previous surgery 
Physical examination 
Complete head and neck evaluation 
Microscopic otoscopy 
Upper aerodigestive tract examination 
Cranial nerve assessment (III-XIl) 
Palpation of parotid gland and neck 
Neurologic evaluation 
Cerebellar signs 
Motor 
Facial palsy 
Complete vs. incomplete (paresis) 
Segmental vs. uniform involvement 
Unilateral vs. bilateral 
Schirmer test 
Laboratory studies 
Pure-tone and speech audiometry 
Electrophysiologic tests 
Nerve excitability test (NET) 
Maximal stimulation test (MST) 
Electroneurography (ENoG) 
Electromyography (EMG) 
Radiographic studies 
Computed tomography 
Magnetic resonance imaging 
Other considerations 
Complete blood cell count and differential with sedimentation 
rate 
Serum antibody tests (Lyme titers) 
Chest x-ray radiograph 
Lumbar puncture with cerebrospinal fluid assay 


Forehead sparing suggests a central motor pathway lesion. 
Contusion or laceration over the distribution of the extra- 
cranial nerve, Battle sign (mastoid ecchymosis), or hemo- 
tympanum are evidence of trauma. Multiple cranial nerve 
deficits typically indicate an advanced intracranial or skull 
base infection, extensive neoplasm involving the tempo- 
ral bone, or a neurologic disorder, such as Guillain-Barré 
syndrome. 

The examination focuses on the motor function of 
the facial nerve. Compare the range of facial movement 
between the affected and unaffected sides. The subject 
should attempt a broad range of facial expressions while 
the examiner watches for movement in each of the major 
branches of the nerve. The subject is asked to raise the 
eyebrows, close the eyes as tightly as possible, wrinkle the 
nose, smile broadly, pucker, or grimace. A common error 
is to attribute the movement in the upper eyelid due to the 
levator palpebrae superioris muscle (cranial nerve III) to 


TABLE 
155.2 FACIAL NERVE GRADING SCALE 2.0 
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Region 
Score Brow Eye NLF Oral 
1 Normal Normal Normal Normal 
Slight weakness >75% of Slight weakness >75% of normal Slight weakness >75% of Slight weakness >75% of 
normal Complete closure with mild effort normal normal 
3 Obvious weakness >50% of Obvious weakness >50% of normal Obvious weakness >50% of Obvious weakness >50% of 
normal Resting symmetry |= Complete closure with maximal effort | normal Resting symmetry —_ normal Resting symmetry 
4 Asymmetry at rest <50% of Asymmetry at rest <50% of normal Asymmetry at rest <50% of Asymmetry at rest <50% of 
normal Cannot close completely normal normal 
5 Trace movement Trace movement Trace movement Trace movement 
6 No movement No movement No movement No movement 


Secondary movement (Global assessment) 


Score 

0 None 

1 Slight synkinesis, minimal contracture 

2 Obvious synkinesis, mild to moderate contracture 
3 Disfiguring synkinesis, severe contracture 


Reporting 
Sum scores for each region and secondary movement 
GRADE 


| 4 

TT 5-9 

ll 10-14 
IV 15-19 
Vv 20-23 
VI 24 


Legend: NLF, nasolabial fold. 


facial nerve function and to misrepresent the finding as a 
facial paresis. Grading of the injury follows the outline in 
Table 155.2 (8). 

The more common causes of acute facial paralysis are 
outlined in Table 155.3. Over half of the presentations are 
due to Bell palsy. Trauma is the second most common eti- 
ology, producing about 20% of cases. The palsy is not Bell’s 
in the presence of any of the following: signs of tumor, 
vesicles, multiple cranial nerve involvement, temporal 
bone infection, trauma, palsy at birth, signs of a central 
nervous system lesion, and acute infectious mononucle- 
osis. Bilateral facial nerve involvement occurs in fewer 
than 1% of patients who have facial palsy. Common eti- 
ologies include brainstem tumors, intracranial infection or 
malignancy, extensive skull base fractures, Guillain-Barré 
syndrome, or Lyme disease (9). 


Laboratory Studies 


Several studies may be indicated in the evaluation 
of acute facial paralysis (Table 155.1), depending on 
the findings in the history and physical examina- 
tion. Because of numerous problems arising within the 


Total Score 


temporal bone and the proximity of the cranial nerves 
VII and VIL in the posterior fossa, pure tone and speech 
audiometry is recommended. 

The once-popular topognostic testing (Schirmer test, 
stapedial reflex assessment, electrogustometry, and salivary 
flow) for determining the site of the lesion and for prognos- 
tication is obsolete. Imaging is more efficient for diagnosis 
and is essential in any case when the etiology is uncertain 
or the paralysis is recurrent or atypical. High-resolution CT 
of the temporal bone is the study of choice for assessment 
of the fallopian canal. Any potential cause of facial paraly- 
sis associated with bone destruction (mastoiditis, choleste- 
atoma, tumors, temporal bone trauma) is seen best on CT. 
MRI is most useful when infectious or neoplastic involve- 
ment of the nerve (idiopathic facial palsy, herpes zoster oti- 
cus, facial schwannoma) is suspected. 

When paralysis is complete, electrophysiologic stud- 
ies are done to establish the degree of degeneration and 
prognosis for recovery. The Schirmer test remains useful 
to quantitate the amount of tearing in the involved eye. 
Reduced tear secretion suggests the need for aggressive 
treatment to protect the cornea. When the diagnosis is 
uncertain, other laboratory studies can be considered to 
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TABLE 


L DIFFERENTIAL DIAGNOSIS 
155.3 


FACIAL PALSIES 


Infection 


Bell palsy (herpes simplex mononeuritis) 
Herpes zoster oticus (Ramsay Hunt syndrome) 
Otitis media with effusion 
Acute suppurative otitis media 
Coalescent mastoiditis 
Chronic otitis media 
Malignant otitis externa (skull base osteomyelitis) 
Tuberculosis 
Lyme disease? 
Acquired immunodeficiency syndrome 
Infectious mononucleosis 
Trauma 
Temporal bone fractures? 
Birth trauma 
Facial contusions/lacerations 
Penetrating wounds, face and temporal bone 
latrogenic injury 
Radiation injury 
Neoplasia 
Cholesteatoma 
Glomus jugulare or tympanicum 
Carcinoma (primary or metastatic) 
Facial neuroma 
Schwannoma of lower cranial nerves 
Meningioma 
Leukemia 
Histiocytosis 
Rhabdomyosarcoma 
Congenital 
Compression injury 
Mobius syndrome 
Lower lip paralysis 
Idiopathic 
Recurrent facial palsy 
Melkersson-Rosenthal syndrome 
Metabolic and systemic 
Sarcoidosis* 
Guillain-Barré syndrome? 
Autoimmune disorders 


@May present with bilateral palsy. 


exclude blood dyscrasias, autoimmune disorders, Lyme 
disease, sarcoidosis, and central nervous system diseases. 


PATHOPHYSIOLOGY OF NERVE INJURY 


One of the greatest shortcomings in our understanding of 
neural degeneration and regeneration is the lack of knowl- 
edge of events occurring at the molecular level after insult. 
Current electrophysiologic tests cannot differentiate levels 
of injury; hence, prognostication is limited, which explains 
why a “completely degenerated” nerve can have either total 
recovery or none at all. 

Classically, nerve injury is described in terms of neura- 
praxia, axonotmesis, or neurotmesis. Neurapraxia results 


when a lesion compresses the flow of axoplasm from the 
nerve cell body to the distal axons. The nerve is viable and 
recovers normal function when the blockade is removed. 
A neurapraxic nerve will demonstrate normal findings on 
the nerve excitability test (NET), the maximal stimulation 
test (MST), and electroneurography or evoked electromy- 
ography (ENoG). Electromyography (EMG), however, fails 
to show voluntary motor action potentials, as these cannot 
be conducted across the blockade. 

Axonotmesis describes a state of Wallerian degenera- 
tion distal to the lesion characterized by the preservation 
of endoneural sheaths of the motor axons. Electrically, if 
the axonotmesis is complete and pure, the NET, MST, and 
ENoG will indicate rapid and complete degeneration. The 
EMG will not demonstrate voluntary motor units, and after 
10 to 14 days, myogenic fibrillation potentials become 
evident. As long as the endoneural tubules are preserved, 
regeneration to the original motor end plates will proceed 
until recovery is total. 

In neurotmesis, the lesion leads to Wallerian degenera- 
tion and the loss of endoneural tubules. Consequently, the 
electrophysiologic tests yield results similar to those found 
in axonotmesis; however, the outcome is less predictable. 
The regeneration process depends on the completeness of 
injury to all connective tissue components of the nerve, 
including the endoneurium, the perineurium binding the 
axons into fascicles, and the epineurium enclosing the fas- 
cicles into a common nerve. Endoneurium compromise 
disrupts axonal organization and ensures a synkinetic 
result if regeneration occurs. Furthermore, the growth of 
neurofilaments is governed by conditions at the injury site 
and can be hindered by ischemia and scar. 


Electrophysiologic Tests 


The currently popular tests used to establish prognosis 
for return of function are the NET, the MST, ENoG, and 
EMG. Serial testing can establish the end point of degen- 
eration, but any one test given at one point in time dur- 
ing the paralysis provides only limited information. The 
tests are complementary and when used appropriately can 
describe the completeness of degeneration relatively accu- 
rately. The indications, interpretations, and limitations of 
these tests are outlined in Table 155.4. 

General rules apply to the use of these tests. The NET, 
MST, and ENoG are most applicable in the evaluation of 
acute paralysis (i.e., while the nerve is in the degenerative 
phase). During degeneration, the NET will demonstrate 
increasing side-to-side threshold differences, the MST 
greater degrees of facial weakness, and the ENoG lower 
percentages of intact motor axons. The results will reach 
a nadir, and the nerve will enter the recovery phase. This 
may be evident immediately on clinical examination or 
may be delayed, depending on the cause and extent of 
nerve injury. The tests are not indicated in patients with 
paresis, as facial movement on examination indicates that 


TABLE 
ELECTROPHYSIOLOGIC TESTS 


155.4 


Test Indication 


Nerve excitability test Complete paralysis 
<2 wk duration 


Maximal stimulation test | Same as NET 
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Interpretation 


<3.5 mA threshold difference: 
prognosis good 
Marked weakness or no muscle 
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Limitation 


Not useful in first 3 d after onset or 
during recovery 
Subjective 


contraction: advanced degeneration 
with guarded prognosis 


Electroneurography Same as NET and MST 


Electromyography Acute paralysis <1 wk 
duration 

Chronic paralysis >3 wk 
duration 


<90% degeneration: good prognosis 
>90%: prognosis in question 
Active mu: intact motor axons 


False-positive results in deblocking 
phase 

Cannot assess degree of degenera- 
tion of prognosis for recovery 


mu + fibrillation potentials: partial 
degeneration 


Polyphasic mu: regenerating nerve 


NET, nerve excitability test; MST, maximal stimulation test; mu, motor units. 


the nerve is intact, primarily neurapraxic, and the prog- 
nosis for recovery is good. The most common causes of 
acute facial paralysis (Bell palsy, trauma, herpes zoster oti- 
cus) produce nerve degeneration within the first 3 weeks 
after onset of palsy, and the NET, MST, and ENoG provide 
the most accurate information within this time frame. 
Nevertheless, when the neurapraxic axons begin recovery, 
asynchronous depolarization, differing conduction veloci- 
ties in the motor axons, poor summation of the myogenic 
action potentials, and poor muscular contraction can give 
a false-positive report of nerve status and may even suggest 
that the nerve has completely degenerated. 

EMG in combination with NET, MST, and ENoG greatly 
aids in eliminating these false-positive results, as the demon- 
stration of voluntary active motor units confirms the integ- 
rity of intact axons in the recovery phase. This test is useful in 
the earliest phase of degeneration, as the presence of motor 
units indicates an intact nerve with incomplete injury. Within 
the first 3 days after onset of complete paralysis, the results 
of NET, MST, and ENoG yield little useful information, as 
Wallerian degeneration distal to the stimulation areas has 
not occurred; the results always indicate incomplete degen- 
eration and good prognosis (10). Because of this limitation, 
the prognosis is best established by using NET, MST, or ENoG 
around the sixth or seventh day after onset of paralysis. The 
primary limitation of EMG is the inability to differentiate a 
totally neurapraxic nerve from a completely degenerated one 
in the acute phase of degeneration. Nevertheless, the EMG 
is complementary in the evaluation of acute paralysis and 
essential in the evaluation of long-standing paralysis. The 
presence of myogenic fibrillation potentials and the absence 
of voluntary motor units denote complete nerve degen- 
eration, the coexistence of both fibrillation potentials and 
motor units indicates an incomplete lesion, and the appear- 
ance of polyphasic motor units signifies a regenerating nerve. 
The polyphasic action potentials may not be present until 
several weeks after the onset of paralysis. 


In the NET, the current thresholds required to elicit just- 
visible muscle contraction on the normal side of the face are 
compared with those values required over corresponding 
sites on the side of the paralysis. The current, measured in 
milliamperes, is delivered percutaneously in a square-wave 
pulse of 0.3-ms duration at a rate of one per second over 
the main trunk and branches of the facial nerve. A side-to- 
side threshold difference is calculated for the respective sites 
of stimulation. A side-to-side difference of 3.0 to 3.5 mA is 
compatible with advanced degeneration, with an unfavor- 
able prognosis for differences exceeding 3.5 mA (10). 

The MST is a modification of the NET that uses a level of 
current sufficient to depolarize all motor axons underlying 
the stimulating probe (11). The facial muscular responses 
are graded subjectively according to the degree of con- 
traction (equal, slightly decreased, markedly decreased, 
or absent compared with the uninvolved side). Markedly 
decreased or absent facial movement signifies advanced 
degeneration. When the response to MST remains normal 
for 10 days, approximately 90% of patients have complete 
return of facial function. If the response is decreased, most 
have incomplete return of function. If the response is lost, 
return does not begin until the fourth month (11). 

Introduced by Esslen and popularized by Fisch (12), 
ENoG allows quantitative analysis of nerve degeneration. 
A supramaximal level of current applied with bipolar elec- 
trodes percutaneously over the main trunk of the facial nerve 
creates synchronous depolarization of the motor axons, 
thereby evoking a compound myogenic action potential in 
the facial musculature that is recorded with bipolar surface 
electrodes (Fig. 155.4). The peak-to-peak amplitude of this 
potential is directly proportional to the number of intact 
motor axons. Compared with the amplitude of potential 
evoked on the normal side, it can be used to calculate the 
percentage of intact axons. Greater than 90% degeneration 
indicates a poor prognosis for immediate or complete res- 
toration of facial function. Traumatic injuries undergoing 
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Figure 155.4 Clinical electroneurography 
in the assessment of acute facial paralysis. 
Percentage of viable motoneurons = P/N x 
100. (Modified from Coker NJ, Fordice JO, 
Moore S. Correlation of the nerve excitability 
test and electroneurography in acute facial 
paralysis. Am J Otol 1992;13:127-133, with 
permission.) 


more than 90% degeneration within 6 days of the injury 
represent complete lesions. In Bell palsy, patients exceeding 
95% degeneration within the first 2 weeks of onset fall into 
the guarded prognostic category (13). 

It is important for the clinician to understand poten- 
tial sources of testing error. Naturally, the level of experi- 
ence of the physician or technician performing the test 
is a significant variable. Placement of the recording elec- 
trodes can impact the test accuracy. Testing paradigms used 
for ENoG include standard lead placement, optimal lead 
placement (OLP), and the recently introduced midline 
electrode placement (14). The former test places recording 
electrodes at the same anatomic location on both sides of 
the face, usually at the lateral edge of the nasolabial crease 
and lateral and inferior to the oral commissure. The OLP 
technique uses repeated repositioning of recording elec- 
trodes until the maximal response is detected. A midline 
technique may allow recording of larger amplitude action 
potentials and is unlikely to be affected by masseter stimu- 
lation. The use of electrode paste and the amount of pres- 
sure applied to the stimulating and recording electrodes 
can influence results of any method of electrical testing. 
Patient factors such as age, obesity, and facial edema also 
influence test results. 

Coker et al. (15) assessed correlation of the results 
of NET and ENOoG testing in patients with acute facial 
paralysis. They found that the tests display an exponential 
relationship, not a linear one. The highest levels of corre- 
lation were seen when OLP technique was used in ENoG 


0.2 msec 1/sec Paralyzed 


SV —K|Ir 


testing. The lack of exact correlation between the two tests 
illustrates the inability to achieve consistent synchronous 
depolarization of viable axons, which the authors sug- 
gest may be explained by a deblocking phenomenon or 
partial demyelination. The authors concluded that the 
two tests are complementary in assessment of acute facial 
paralysis. 


BELL PALSY 


The term Bell palsy has been used to describe a facial 
paralysis of acute onset and limited duration, the etiology 
of which was deemed idiopathic. Contemporary studies 
provide convincing evidence that the herpes simplex virus 
(HSV) is the infecting agent in Bell palsy. The development 
of polymerase chain reaction techniques has allowed iden- 
tification of HSV in the geniculate ganglion. Murakami 
et al. (16) sampled endoneurial fluid and muscle from 
patients undergoing decompression surgery for Bell palsy 
and Ramsay Hunt syndrome. Control specimens were 
obtained during repair of the facial nerve after trauma, 
excision of parotid malignancies, and facial neuromas. 
Samples from 10 of 13 patients who had Bell palsy were 
positive for HSV, whereas none of the controls showed 
evidence of the virus. Eight of nine patients with Ramsay 
Hunt syndrome had evidence of varicella zoster virus, but 
none had HSV. 

Additional support is given by replication of the clinical 
syndrome in an animal model. Sugita et al. (17) produced 


transient facial palsy in an animal model by inoculation 
with HSV. In this experiment, HSV was inoculated into the 
auricle or lateral tongue. Paralysis developed in 56% of 
animals inoculated in the auricle and 20% inoculated in 
the tongue. The paralysis developed 6 to 9 days later and 
persisted for 3 to 7 days. Spontaneous resolution occurred 
in all cases. Histopathology revealed significant edema and 
inflammation about the geniculate ganglion. HSV antigens 
could be isolated from the nerve, geniculate ganglion, and 
facial motor nucleus in some of the animals that devel- 
oped paralysis. Antigen could not be detected on the con- 
tralateral side in any animal. 

Bell palsy is the most common diagnosis given to 
patients with acute facial paralysis. The incidence is 
between 30 and 45 cases per 1,00,000 per year (18,19). 
The incidence varies with age, being rare in children and 
increasing through the sixth decade. Women may have a 
slightly increased risk and incidence appears greater in arid 
climates and during winter months. Differences in inci- 
dence by ethnicity likely reflect differing prevalence of HSV 
infection within the respective populations (20). 

The clinical picture is defined by rapid onset of the 
facial palsy, minimal associated symptoms, and sponta- 
neous recovery. Facial nerve dysfunction developing over 
several weeks or months is not Bell palsy. Peitersen (19) 
characterized the natural history of untreated Bell palsy. 
Thirty percent of patients develop only a paresis, and 94% 
of these patients recover without sequelae. The other 70% 
developed a complete paralysis, with only 61% of this 
group achieving full recovery. Time to return of movement 
is associated with ultimate recovery. Some return of facial 
tone or movement is seen in 85% of all patients within 
3 weeks. Full recovery is typically achieved by 2 months. 
Patients who develop complete paralysis may not have 
return of function for 3 to 5 months. The longer the delay 
until some recovery is evident, the greater the likelihood 
of adverse sequelae, including synkinesis, residual weak- 
ness, and muscle spasms. Other factors that are associated 
with poor recovery include advanced age and pain at pre- 
sentation. Peitersen (19) expressed final outcome using a 
modification of the Jongkees grading system. Extrapolation 
of his findings to the more familiar (in the United States) 
House-Brackmann scale reveals an estimated 71% of all 
patients achieving grade I and 12% grade II outcome. 

Histopathologic studies of patients with Bell palsy were 
reviewed by Liston and Kleid (21). The reported findings 
are not uniform, reflecting the different periods from onset 
of paralysis to nerve examination, methods of prepara- 
tion, portion of the nerve studied, and possibly etiology of 
the facial paralysis. Most recent reports, however, demon- 
strate inflammatory infiltrates throughout the course of the 
facial nerve. Vascular thrombosis is generally not observed, 
although intraneural hemorrhage is seen occasionally. 

The high rate of spontaneous recovery has made it dif- 
ficult to prove efficacy of any medical or surgical inter- 
vention in patients with Bell palsy. Two recent, large, 
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randomized trials have established the utility of oral ste- 
roids in promoting recovery (22,23). Both trials prospec- 
tively randomized patients presenting within 72 hours of 
onset of the facial palsy to receive oral steroids or placebo 
combined with antivirals or placebo. In each trial, patients 
receiving steroids had a significantly greater probability 
of full recovery. Sullivan et al. (22) studied 551 patients 
in Scotland. In this study, only three examiners rated all 
the patients using a series of four photographs for evalua- 
tion according to the House-Brackmann scale. The steroid 
treatment was prednisolone 500 mg (50 mg/day x10) and 
the antiviral was acyclovir 2,000 mg/day for 10 days. In 
this study, 83% of patients displayed grade I function at 
3 months when treated with prednisone versus 64% in 
those not receiving prednisone (P < 0.001). At the last 
assessment at 9 months, 94% of patients receiving pred- 
nisone were judged to be grade I versus 82% of those not 
receiving steroids. 

Engstrom et al. (23) analyzed a group of 839 patients 
in Sweden and Finland. The study used both the House- 
Brackmann scale and the Sunnybrook scale as rating instru- 
ments. The steroid treatment was prednisolone 450 mg 
(60 mg/day x5, then taper by 10 mg/day) and the antiviral 
was valacyclovir 3,000 mg/day for 7 days. A large number 
of examiners (greater than 49) were used to record the data 
in this study. The study found 62% of patients receiving 
prednisone displayed normal function (Sunnybrook score 
of 100) at 3 months versus 51% in the patients not receiv- 
ing prednisone (P = 0.0007). At 12 months, the compara- 
ble figures are 72% normal in prednisone-treated patients 
versus 57% in those without. 

The addition of antiviral medications may provide 
additional benefit, though conclusive evidence is lack- 
ing. It is clear that antivirals alone are not better than 
placebo. However, the addition of antivirals to steroid 
treatment may enhance recovery. Adour et al. (24) were 
the first to report the benefit of antivirals combined with 
steroid treatment in a double-blind study. Patients were 
randomized to receive either acyclovir 2,000 mg/day in 
five doses and prednisone or placebo and prednisone. 
All patients enrolled in this trial were within 3 days of 
onset of the paralysis. Only 20% of patients progressed 
to complete paralysis (House-Brackmann grade VI) 
within 2 weeks of onset, and these were evenly distrib- 
uted between the two treatment groups. Acyclovir-treated 
patients demonstrated less evidence of degeneration 
as measured by MST and a lower incidence of unsatis- 
factory recovery (House-Brackmann grades III and IV). 
A meta-analysis of trials investigating efficacy of antiviral 
agents in Bell palsy (BP) was performed by de Almeida 
et al. (25). The absence of benefit of antivirals alone 
compared to placebo was confimed. However, individu- 
als who received antivirals combined with steroids had 
a relative risk of incomplete recovery of 0.75 (P = 0.05). 
Secondary analysis did not find a significant difference in 
outcomes according to antiviral dosage. 
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Selection of a medical regimen for any patient with Bell 
palsy must consider potential side effects of medications, 
concurrent illness, and the patient’s wishes. Treatment 
must be initiated promptly for maximal efficacy. The 
treatment effect is greatest for those patients with com- 
plete paralysis, but waiting for a mild weakness to prog- 
ress undermines the efficacy of the treatment regimen. 
Prednisone dosage in adults should be 450 to 500 mg 
administered in divided doses over 7 to 10 days. A gradual 
taper is optional. Antivirals can be added if treatment is 
initiated within the first 72 hours; beyond this time, addi- 
tional efficacy is less likely. Valacyclovir is given at a dose of 
1,000 mg three times daily for 7 days or famciclovir may be 
given at 1,500 mg daily for 7 days. Dosage adjustment in 
pediatric patients is indicated. 

Debate continues as to how to manage best those 
patients who progress to severe electrical degeneration 
despite medical intervention. Those patients who dis- 
play greater than 90% degeneration on ENoG in the first 
2 weeks of the paralysis recover to House-Brackmann 
grade I or II function only 50% of the time (26). Although 
histopathologic studies demonstrate inflammatory 
involvement of the entire nerve, it is postulated the max- 
imal nerve injury occurs at the meatal foramen. In this 
location, the nerve occupies a greater proportion of the 
lumen of the fallopian canal than elsewhere. Further sup- 
port for this theory was given by Fisch and Esslen (12), 
who confirmed the presence of a conduction block proxi- 
mal to the meatal foramen in 11 of 12 patients undergo- 
ing total facial nerve decompression. Surgical intervention 
thus is directed at unroofing the labyrinthine segment of 
the nerve via a middle fossa approach. Incision of the 
epineurium is advocated by some for additional neural 
decompression. Decompression of the mastoid and tym- 
Panic segments of the nerve has no effect on recovery of 
facial function. 

Gantz et al. (26) presented the results of a prospective 
multi-institutional trial of middle fossa decompression. 
Criteria for entry into the study were development of more 
than 90% degeneration on ENoG (OLP technique) within 
14 days of onset of the paralysis and no voluntary motor 
unit potentials on EMG. Patients meeting these criteria 
were offered middle fossa decompression. Patients self- 
selected treatment, choosing either surgical decompression 
or continued medical treatment. Good outcome (House- 
Brackmann grade I or II) was achieved in 91% of the sur- 
gical patients (N = 34) versus only 42% in the medical 
treatment-only group (N = 3G). Patients who progressed 
to acomplete paralysis but did not develop more than 90% 
degeneration achieved a final House-Brackmann grade I 
in 89% of cases. They concluded that the 90% degenera- 
tion threshold on ENoG accurately separates patients into 
a good or poor prognostic category. In addition, middle 
fossa decompression of the labyrinthine segment (includ- 
ing the geniculate ganglion and internal auditory canal) 
performed within 14 days of onset of paralysis significantly 


improves outcome in those patients with a poor progno- 
sis. Decompression performed after 14 days provides no 
additional benefit. None of the patients in the medical 
treatment group received antiviral therapy; however, the 
potential benefit of antivirals is in preventing progres- 
sion to severe degeneration. Antivirals are not expected to 
provide additional benefit once severe degeneration has 
occurred. 


HERPES ZOSTER OTICUS 


Varicella zoster virus establishes a latent infection in 
many cranial nerve ganglia at the time of the initial infec- 
tion. The latent virus can be reactivated years later by an 
unknown mechanism. Reactivation of latent virus within 
the geniculate ganglion produces herpes zoster oticus or 
Ramsay Hunt syndrome. The patient presents with acute 
facial paralysis, severe ear pain, and a vesicular eruption 
of the external auditory canal and concha. The pain often 
precedes the facial paralysis by a few days. Associated 
symptoms of sensorineural hearing loss and vestibular dys- 
function are present in more than 30% of patients. 

Ramsay Hunt syndrome has an annual incidence about 
one-tenth that of Bell palsy. The incidence increases with 
age, consistent with zoster at other sites. The prognosis for 
spontaneous recovery of normal facial function is poorer 
than in Bell palsy (27). Satisfactory return of facial move- 
ment occurs in about 50% of patients; others will suffer 
varying grades of weakness, synkinesis, contractures, and 
spasm. Unlike Bell palsy, in which degeneration proceeds 
rapidly within the first 2 weeks after onset, degeneration 
of the facial nerve in herpes zoster oticus may evolve more 
slowly over the course of 3 weeks. When the degeneration 
is total, regeneration requires 3 to 6 months before facial 
movement becomes evident on clinical examination. 

Jackson et al. (28) reported intraoperative findings in 
a patient with Ramsay Hunt syndrome demonstrating 
no return of function after 1 year. An excisional biopsy 
demonstrated a sharp demarcation between normal and 
devitalized nerve in the labyrinthine segment. Proximal 
and distal portions of the nerve appeared grossly nor- 
mal. This observation suggests an increased susceptibil- 
ity of the labyrinthine segment to inflammation-induced 
degeneration. 

Management of herpes zoster oticus includes interven- 
tion directed at the underlying viral infection and associ- 
ated complications. As stated earlier, antiviral therapy must 
be initiated promptly for maximal effectiveness. Antiviral 
medications are beneficial in treatment of herpes zoster 
infections, reducing pain and shortening time to resolu- 
tion of skin lesions. Specific medications and dosages are 
the same as outlined earlier (Valacyclovir 1,000 mg tid for 
7 days, or Famciclovir 500 mg tid for 7 days). Steroids are 
also given at the same doses as in Bell palsy. Few studies 
have examined the benefits of both steroids and antiviral 
therapy in herpes zoster oticus, but preliminary reports 


are encouraging (29). The role of surgical decompression 
remains investigational. It is difficult to identify those with 
a poor prognosis because electrical test data are less well 
established than in Bell palsy. 


OTITIS MEDIA AND FACIAL PALSY 


Facial palsy can present as a complication of acute sup- 
purative otitis media, otitis media with effusion, chronic 
otitis media, and mastoiditis. Infection involving the fal- 
lopian canal leads to inflammation and neural edema. 
Immediate treatment should be directed toward eradicat- 
ing the infection. When a middle-ear effusion is present, 
myringotomy is performed promptly to drain the middle- 
ear space. Cultures of the middle-ear aspirate direct antibi- 
otic therapy against the offending organism. 

The incidence of facial palsy in acute otitis media is 
approximately 1:20,000 cases (30). Most cases are seen in 
children due to the greater incidence of otitis media in the 
pediatric population. The prognosis of facial palsy in acute 
otitis media is excellent (31,32). Recovery of facial function 
begins rapidly in conjunction with resolution of infection. 
Operative management is usually limited to myringotomy 
and tube. 

Facial paralysis in association with chronic otitis 
media, cholesteatoma, or skull base osteomyelitis car- 
ries a more ominous prognosis (33,34). The develop- 
ment of the paralysis is often more insidious, suggesting 
possible ischemic nerve injury. Aural toilet and antibiot- 
ics are intiated promptly. If the tympanic membrane is 
intact, myringotomy is performed. CT is recommended 
to evaluate the fallopian canal before surgery. Suspicion 
of intracranial complications is appropriate in this set- 
ting. Tympanomastoid surgery is usually necessary to 
remove infected tissue from the middle ear and mastoid. 
The facial nerve is inspected carefully. Granulation tissue, 
cholesteatoma matrix, and infected bone are removed if 
easily separated; however, great care is advised to avoid 
iatrogenic injury. Incision of the epineurium is not 
advised. Facial nerve function is most likely to improve 
in those cases where onset of paralysis is acute and treat- 
ment is prompt. Facial paralysis that has been present for 
several weeks or more rarely improves despite aggressive 
management. 


TRAUMA 


Facial nerve injuries occur in a variety of ways, includ- 
ing blunt or penetrating trauma and iatrogenic harm. 
Management differs according to extent of injury, though 
the severity of the injury is not always easy to establish. 
History, physical exam, imaging, and electrophysiologic 
testing are all important in determining the probability of 
spontaneous recovery. 

Immediate evaluation of the motor function of the 
facial nerve after trauma to the head and neck provides key 
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information. All facial nerve branches should be inspected 
carefully to document movement. If a paresis is present, 
spontaneous return of satisfactory facial function will occur 
without intervention. Soft tissue swelling and ecchymosis 
impair the assessment of facial movement; thus, repeated 
examinations are necessary. Immediate complete paralysis 
indicates a severe nerve injury and warrants surgical explo- 
ration in cases of penetrating trauma. 

Electrophysiologic testing is employed when the sever- 
ity of injury is uncertain. The presence of voluntary motor 
units on EMG establishes continuity of the nerve, and this 
test may be performed at any time. Evoked EMG or ENoG 
testing is usually deferred for several days after the injury to 
avoid a false positive evoked response. Severe nerve inju- 
ries lead to rapid and complete degeneration, characterized 
by the absence of both voluntary and evoked responses. 
Predicting spontaneous recovery in traumatic lesions 
remains imprecise; additional data correlating the rate of 
neural degeneration on ENoG to degree of spontaneous 
recovery are needed. 

Pure-tone and speech audiometry is necessary for intra- 
temporal lesions to document the type and degree of hear- 
ing loss. Imaging is usually limited to high-resolution 
CT scan, with the intent of defining any fractures travers- 
ing the fallopian canal. MRI or angiography is indicated 
if a major vascular injury is suspected, as with penetrating 
injuries at the skull base. Cervical spine films are requested 
if neck injury is suspected. 

The recommended management of injuries with com- 
plete facial paralysis is outlined in Table 155.5 (35). For 
extracranial lacerations, the transected trunk or major 
branches should be repaired as soon as practical. This 
usually requires either direct end-to-end anastomosis or 
interpositional grafting, preferably at the time of soft tis- 
sue closure. Branches medial to the lateral canthus of the 
eye rarely need repair because of the rich cross-anastomotic 
connections of the nerve in the midface. Observe patients 
who have closed soft tissue injuries for resolution of the 
paralysis. 

Temporal bone fractures are the most common cause of 
traumatic injury to the facial nerve. The fractures are cate- 
gorized according to involvement of the otic capsule (36). 
Fewer than 5% of all temporal bone fractures involve the 
otic capsule. However, facial nerve injury occurs in half 
of all otic capsule fractures. Otic capsule sparing fractures 
are associated with facial paralysis in less than 10% of 
cases. Most injuries occur in the perigeniculate region. 
Less commonly, the nerve is injured in the upper mastoid 
segment by the fracture in the posterior osseous external 
auditory canal. 

Once the injured segment of the nerve is identified, an 
operative approach is selected according to residual hear- 
ing. The middle fossa approach provides complete access 
to the perigeniculate region in those patients with good 
hearing. A transmastoid approach with a posterior tympa- 
notomy allows examination of the tympanic and mastoid 
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TABLE 


Mechanism of Injury 


Intratemporal Injury 


Blunt trauma (temporal bone 


fracture) 


Penetrating trauma 


latrogenic 


Extratemporal Injury 
Penetrating trauma 
Blunt trauma 
latrogenic 


Tests 


CT 


NET 
ENoG 
EMG 


Audiometry 


History 

Follow algorithm above, 
add: Angiography 

History 


Physical exam 
Physical exam 
History 


Critical Result 


Fracture involving fallopian canal 


>3.5 mA difference 
>90% degeneration 
Absent volitional activity 


Conductive loss 
Sensorineural loss—severe 
Delayed onset 


Suspicion of major vascular injury 


Immediate onset 
Delayed onset (>3 d) 


Suspected transection by report 
Nerve intact 


155.5 MANAGEMENT OF TRAUMATIC INJURIES WITH COMPLETE FACIAL NERVE PARALYSIS 


Management 


Surgical exploration if all of 
above present 

Transmastoid—middle fossa 
approach 

Translabyrinthine approach 

Observation 

Endovascular or open repair 


Surgical exploration 
Observation 


Exploration and repair 
Observation 
Exploration and repair 
Observation 


NET, nerve excitability test; ENoG, electroneurography; EMG, electromyography. 


segments of the nerve. If profound sensorineural hearing 
loss is present, a translabyrinthine approach allows access 
to all segments of the nerve. 

Blunt injuries rarely result in nerve transection. The most 
common findings are edema and contusion (intraneu- 
ral hemorrhage) (Fig. 155.5) (35). The injured segment is 
inspected and any bone impaling or compressing the nerve 
is removed. Additional decompression of the fallopian 
canal may be performed proximal and distal to the injury. 
Intraneural hematomas are evacuated after incision of the 
epineural sheath. Complete transection of the nerve requires 
rerouting of the nerve with direct end-to-end anastomosis or 
an interpositional graft if direct anastomosis is not feasible. 

Gunshot injuries of the temporal bone produce 
facial nerve paralysis in more than half of all cases (37). 
This unique form of penetrating injury often produces 
severe neural damage. The nerve can be directly involved 
(i.e, transected) or secondarily injured by the kinetic 
energy imparted by the projectile or by the bony fragmen- 
tation of the temporal bone. The most common sites of 
injury are the mastoid and tympanic segments of the nerve. 
When the nerve is transected, interpositional grafting is 
advised. Determining extent of injury may be difficult, as 
the damage is often more extensive along the proximal 
and distal segments than anticipated. As a result, outcome 
of facial function is poorer than in blunt temporal bone 
fractures. 

The incidence of facial nerve injury during middle-ear 
and mastoid surgery is much less than 1%. Delayed onset 


paresis (more than 3 days postsurgery) is more common 
but usually due to viral reactivation (38). The most com- 
mon site of iatrogenic injury is the tympanic segment 
adjacent to the oval window (39). The nerve is more sus- 
ceptible in this region because it is the most common site 
of fallopian canal dehiscence. The next most common site 
of injury is the mastoid segment. At times, cholesteatoma 
and granulation tissue obscure landmarks, increasing the 
risk of nerve injury. When in doubt, remove diseased tis- 
sue to confirm the location of the horizontal semicircular 
canal, digastric ridge, and incus to aid facial nerve dissec- 
tion. Iatrogenic injury frequently results in complete tran- 
section of the nerve. Once again, end-to-end anastomosis 
or interpositional graft is required to restore continuity. 
Partial injuries, involving 50% of the diameter of the nerve 
or less, are best treated by decompression proximal and 
distal to the injury. 

Nerve anastomosis is accomplished using interrupted 
epineural sutures of a 9-0 monofilament, such as nylon. 
General principles of neurorrhaphy attempt to maximize 
the number of regenerating axons sprouting across the 
anastomotic site. All neural tissue is handled atraumati- 
cally by using microinstruments designed for neural repair. 
Approximation of nerve endings is done best under the 
illumination and magnification of the operating micro- 
scope. Exact end-to-end approximation is performed with- 
out tension on the anastomosis. 

Interpositional grafts are used when a direct end-to-end 
anastomosis creates tension or when segments of the nerve 


Surgical 
management of 
facial nerve in 
longitudinal = +. 
fractures 


Intraneural 
hemorrhage 


are missing or severely damaged. Donor nerves for use in 
grafting include the greater auricular, median antebrachial 
cutaneous, and sural nerves (Fig. 155.6). Resulting sensory 
deficits are modest and show some improvement with 
time. 


TUMORS OF THE SKULL BASE 
AND FACIAL NERVE 


Tumors rarely present with acute facial paralysis. It is esti- 
mated that only 5% of tumors involving the facial nerve 
present in this manner. Opinions differ on the guidelines 
for obtaining radiographic evaluation in patients with acute 
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Figure 155.5 Pathogenesis of facial nerve inju- 
ries in longitudinal fractures of the temporal bone. 
Management includes (A) evacuation of intraneural 
hematomas, (B) removal of bony spicules, and (C) 
reanastomosis of transsectional injuries. (Modified 
from an illustration by Jim Schmidt.) 


facial paralysis, but certain circumstances do increase the 
probability of neoplastic discovery, including the following: 


m A paresis evolving slowly over a period exceeding 3 weeks 

m= No return of facial function when the process has had an 
opportunity for regeneration 

= Recurrent palsy on the same side 

Coexistence of facial twitching with an evolving paresis 

m Development of chronic, unilateral eustachian tube dys- 
function in a patient with no prior history of chronic 
middle-ear disease 

m Presence of multiple cranial nerve deficits 

Presence of a neck or parotid mass 

= History of cutaneous malignancy 
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Figure 155.6 Popular interpositional grafts for repair of the facial nerve include the medial 
antebrachial cutaneous (A) and greater auricular (B) nerves. 


Several benign and malignant tumors can involve the 
facial nerve along its intracranial, intratemporal, or extra- 
cranial course. The most common tumor of the nerve is 
the facial schwannoma. Initial symptoms vary, depending 
on the involved segment of the nerve. Tumors involving 
only the cerebellopontine angle or internal auditory canal 
portions of the nerve will present with hearing loss or tin- 
nitus. Intratemporal tumors often present with a slowly 
evolving facial paralysis, middle-ear mass, or conductive 
hearing loss. Extratemporal tumors present as a parotid 
mass and rarely exhibit any facial nerve dysfunction. All 
segments of the nerve may be involved, although the genic- 
ulate and labyrinthine segments are most common (40). 
Excision usually requires the use of interpositional grafting 
for restoration of continuity (41). One of the most difficult 
decisions on discovery of the tumor is the timing of man- 
agement. In the geriatric population, a small tumor with 
minimal facial or middle-ear involvement is best observed. 
In the young patient, the tumor is best resected and the 
nerve grafted. If the tumor is allowed to grow, more motor 
axons will undergo degeneration with irreversible changes 
in both the axons and muscle endplates, such that any 
neural reinnervation technique will be compromised. 
A grade III return of facial function is the best result antici- 
pated from grafting, so the patient needs preparation fora 
less than perfect outcome. 

Skull base tumors present an array of management 
problems regarding the facial nerve, and the otologic 
surgeon must be capable of any number of procedures to 
preserve the integrity of the nerve: transposition, rerouting, 


division and reanastomosis, interpositional grafting, and 
cranial nerve crossover. Anterior transposition of the facial 
nerve spares the greater superficial petrosal nerve and pre- 
serves normal tearing and is preferred for benign tumors 
of the infralabyrinthine compartment. Posterior transpo- 
sition provides access to the petrous apex. Division and 
reanastomosis may aid exposure to the parapharyngeal 
space, but it should be avoided, as any transection of the 
nerve followed by neural anastomosis will result in syn- 
kinesis or mass movement. When the tumor is benign, 
the continuity of the nerve should be preserved by mobi- 
lization techniques. Exceptions to this rule include facial 
nerve schwannomas, which usually require resection of 
nerve with interpositional grafting; benign tumors invad- 
ing the nerve (e.g., cranial nerve schwannomas, paragan- 
gliomas, cholesteatoma); and recurrent tumors adherent to 
the nerve, which necessitate excision of the nerve to ensure 
complete tumor removal. 

Malignant tumors involving nerve typically require exci- 
sion with a tumor-free margin. Exceptions include patients 
with normal or slightly impaired facial function, lympho- 
matous and leukemic invasion of the nerve, and low-grade 
malignancies of the parotid. In these cases, the tumors are 
removed while sparing the nerve. 


FACIAL PALSY IN THE NEWBORN 


Categories for facial palsy in the newborn include trau- 
matic and congenital etiologies. Facial palsy secondary to 
birth trauma has an incidence of about 0.02%. Physical 


signs of trauma include facial contusion, ecchymosis over 
the mastoid or course of the extracranial nerve, or a hemo- 
tympanum. Risk factors include forceps delivery, birth 
weight greater than 3,500 g, and primiparity (42). Thus, 
the mechanism of injury is likely to be compression due 
to molding of the head in passage through the birth canal 
or to the use of forceps. Within the first 3 days of life, an 
infant with complete facial paralysis should undergo elec- 
trical stimulation to demonstrate muscle contraction or 
evoked myogenic potentials. If trauma is not so evident, 
the information gained from the electrical tests provides 
conclusive evidence of neuromuscular integrity. For later 
presentations, NET, MST, and ENoG should be used ini- 
tially, followed by EMG if myogenic responses are absent. 
The EMG may demonstrate insertional muscle activity, 
intact motor units, fibrillation potentials, or polyphasic 
motor units indicative of incomplete injury. The progno- 
sis for spontaneous regeneration is excellent and surgical 
exploration is not recommended unless the nerve has had 
an opportunity for recovery (43). 

Congenital palsy most commonly presents as a unilat- 
eral weakness of the lower lip and can be associated with 
other anomalies. Kobayashi (44) found no relationship of 
this limited form of palsy to the use of teratogenic drugs, 
rubella, birth trauma, or hereditary factors. More rarely, 
congenital facial palsies can present with other physical 
anomalies as part of a genetic syndrome. In Mobius syn- 
drome, paralysis can result from congenital absence of the 
motor portion of the facial nerve and facial musculature or 
agenesis of the facial motor nucleus (45). Associated find- 
ings include unilateral or bilateral and complete or incom- 
plete facial weakness, unilateral or bilateral abducens nerve 
palsy, and deformities of the extremities. Congenital paral- 
ysis is best left untreated until late childhood, as muscle 
transfers and fascial slings are often necessary for improved 
cosmesis. Because of the good skin turgor, the eye does not 
commonly require protective measures to prevent exposure 
keratitis in the child. 


EYE CARE 


The most common complication after the onset of facial 
paralysis is corneal desiccation. Complete paralysis, dimin- 
ished tearing, loss of corneal sensitivity due to trigemi- 
nal nerve involvement, and absent Bell phenomenon are 
poor prognostic signs. At the onset, the patient should be 
advised of the signs of corneal irritation: itching, redness, 
foreign-body sensation, and visual blurring. Rubbing the 
eye is a sure sign of corneal irritation. Measures recom- 
mended for protection include the liberal use of ophthal- 
mic lubricants, closure of the eye with tape at night, use 
of moisture chambers or shielded glasses, and avoidance 
of wind, vents, and fans. Patient education and fastidious 
treatment usually prevent the development of ulcers or 
scarring. If symptoms persist, ophthalmologic consultation 
is advised. Surgical treatment of the eye is rarely necessary 
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in acute and temporary palsies. Patients with long-standing 
paralysis, corneal hypesthesia, and prior nerve repair with 
grafts are likely to require adjunctive management of the 
eye. Gold weight implants, canthoplasty, tarsorrhaphy, 
and upper eyelid springs are among the available surgical 
options. 


HIGHLIGHTS 


m= Cranial nerve VII is composed of special visceral 
afferent, general visceral efferent, and special vis- 
ceral efferent fibers, which provide taste, lacrima- 
tion, and mimetic functions respectively. 

m The middle-ear and mastoid landmarks to the loca- 
tion of the facial nerve include the cochleariform 
process, the oval window, the horizontal semicircu- 
lar canal, the chorda tympani nerve, and the digas- 
tric ridge. 

m A paresis does not warrant electrophysiologic tests 
(NET, MST, ENoG), as the prognosis for recovery 
is good until the palsy is complete. Serial testing of 
a complete paralysis in the acute phase of degen- 
eration provides the most accurate information on 
nerve injury and prognosis for recovery. EMG is the 
most reliable test for the evaluation of long-stand- 
ing paralysis. 

m Bell palsy accounts for more than half of acute 
facial palsy presentations. Any of the following 
make the diagnosis of Bell palsy less probable: a 
paresis evolving over a period exceeding 3 weeks, 
signs of neoplasia, trauma along the course of the 
nerve, vesicles on the head or neck, multiple cranial 
nerve involvement, temporal bone infection, palsy 
at birth, signs of central nervous system lesion, and 
failure to have any evidence of recovery 6 months 
after onset. 

= Bell palsy patients demonstrate return to normal 
or near-normal function in 83% of cases without 
treatment. Experimental and clinical data implicate 
HSV as the likely causative agent. Medical therapy 
commonly includes steroids and antivirals, though 
the ability of these agents to alter prognosis remains 
controversial. 

m Thevaricella zoster virus can produce facial paralysis. 
The hallmark of this infection is a vesicular eruption 
over the distribution of sensory afferent neurons 
of the cervical plexus or cranial nerves V, VII, IX, or 
X. The prognosis for functional recovery is poorer 
than in patients with Bell palsy. Antiviral therapy is 
recommended. 

m For facial palsy presenting as a complication of 
infection, the immediate treatment should be 
directed toward eradicating the infection. 
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m= Temporal bone fractures are the most common 
cause of traumatic injury to the facial nerve. Most 
injuries involve the nerve in the perigeniculate 
region or in the tympanic segment above the oval 
window. The most common finding at surgical 
exploration is contusion. 

m The preferred order of procedures used to preserve 
the integrity of motor function of the facial nerve 
during management of skull base tumors is trans- 
position or rerouting, division and reanastomosis, 
interpositional grafting, and cranial nerve crossover 
(XII to VII or XI to VII). Any anastomosis or grafting 
of the intracranial or intratemporal facial nerve will 
have synkinesis as a result. 
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Otologic Manifestations 
of Systemic Disease: 


Includes Autoimmune 
Inner Ear Disease 


Arnaud F. Bewley 


Numerous systemic diseases can affect the ear, causing a vari- 
ety of otologic complaints including hearing loss, vestibular 
dysfunction, and facial nerve paresis. These diseases span a 
broad differential including infectious, granulomatous, auto- 
immune, bone, and metabolic etiologies (Table 156.1). Prior 
to progressing to systemic involvement, many can initially 
present as a process isolated to the ear. It is therefore critical 
that the otolaryngologist be aware of this broad differential 
when evaluating any otologic complaint. This chapter pro- 
vides a systematic review of this differential, discussing the 
most pertinent examples of each etiology. The topic of auto- 
immune disease includes a discussion of autoimmune inner 
ear disease (AIED), a rare cause of sensorineural hearing loss 
(SNHL), given that what we know about the pathophysi- 
ology of this disease derives largely from our knowledge 
of how systemic autoimmune diseases affect the ear. 


Infectious diseases are the most common type of systemic 
disease to manifest otologic pathology. Pathogens may 
infect the inner ear and auditory pathways in utero, result- 
ing in congenital syndromes that often include deafness, or 
infection may be acquired after birth. As the fluids of the 
inner ear are not easily accessible for sampling, the implica- 
tion of viral pathogens as the causes of otologic disease has 
often depended on circumstantial evidence, including an 
associated viral illness, like an upper respiratory infection, or 
demonstration of seroconversion during the time of hearing 
loss. In other cases, more direct evidence exists such as with 
CMV infection, where DNA has been amplified using PCR 
from perilymph obtained during cochlear implantation in 
children previously diagnosed with congenital infection (1). 


Cytomegalovirus 


Cytomegalovirus (CMV) is a large double-stranded DNA 
virus belonging to the herpes virus family. Its name derives 
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from the typical appearance of infected tissues, contain- 
ing massively enlarged cytomegalic inclusion cells. CMV is 
the most common congenital infection in the world. One 
percent of babies born in the United States are infected; 
the likely route of infection is transplacental. Of these 
babies, 10% will exhibit symptomatic infection, or cytome- 
galic inclusion disease, almost exclusively when primary 
maternal infection occurs during pregnancy (2). Of those 
babies that survive the neonatal period, the majority will 
have severe neurologic deficits and a severe bilateral SNHL. 
Possibly more significant, from an epidemiologic point 
of view, is hearing loss that develops in those children 
with apparently asymptomatic congenital CMV infection; 
between 7% and 15% of these infants will go on to develop 
SNHL. Most cases will be mild, but up to a quarter will be 
severe (3). Hearing loss may be unilateral or bilateral and 
may develop months or years after birth and be missed on 
routine audiometric screening. It is thought that asymp- 
tomatic CMV infection causes 20% to 30% of congenital 
hearing loss. In the healthy adult, CMV infection is usu- 
ally asymptomatic or may cause a mononucleosis-like syn- 
drome. In human immunodeficiency virus (HIV)-infected 
or transplant patients, severe multisystemic disease may 
ensue, but hearing loss is not common. 


Rubella 


Rubella is a member of the Togaviridae family. Primary 
maternal infection during the first trimester of pregnancy 
may result in congenital rubella syndrome. SNHL is the 
most common manifestation of this disease, seen in up to 
60% of affected infants. Hearing loss may be bilateral or 
unilateral, may manifest as late as the second year of life, 
and may be the only sign of infection. Other features are 
ocular malformations, including cataract and retinopathy; 
cardiac malformations; and central nervous system (CNS) 
disease. Postnatal infection produces German measles, a 
mild viral illness (4). 
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UL\-J5 3) SYSTEMIC DISEASES WITH 
4|-Y-Eull) OTOLOGIC MANIFESTATIONS 


Infectious diseases 
Viral infection 
Varicella-zoster 
Mumps 
Measles 
HIV 
CMV 
Rubella 
Bacterial infection 
Syphilis 
Lyme disease 


Granulomatous disease 
Langerhans histiocytosis 
Sarcoidosis 
Wegener granulomatosis 

Autoimmune disease 
Cogan’s syndrome 
Polyarteritis nodosa 
Relapsing polychondritis 
Rheumatoid arthritis 


Diseases of bone 
Paget disease 
Osteogenesis imperfecta 
Fibrous dysplasia 
Osteopetrosis 


Metabolic disorders 
Mucopolysaccharidoses 


Varicella-Zoster 


Varicella-zoster virus (VZV) is a herpes virus that results in 
varicella or chickenpox with primary infection. Once the 
primary infection is cleared, VZV remains dormant in the 
dorsal root ganglia. Reactivation of the virus, often during 
periods of suppressed cellular immunity, results in shin- 
gles, or a dermatomal vesicular eruption. Reactivation of 
VZV in the geniculate ganglion results in Ramsay-Hunt 
syndrome, or herpes zoster oticus. Involvement of the 
facial nerve results in the classical presentation of deep 
otalgia, vesicular eruptions on the external ear and tym- 
panic membrane, and facial palsy. Extension of the inflam- 
matory process to involve the vestibulocochlear nerve may 
result in SNHL and vertigo. 


Mumps and Measles 


The mumps and measles viruses are members of the 
Paramyxoviridae family. Infection with this virus is rare 
in the developed world due to widespread use of vac- 
cination, though it is still common worldwide. Mumps 
infection commonly presents with unilateral or bilateral 
Parotitis and orchitis in males. The classic presentation of 
measles (rubeola) involves cough, coryza, conjunctivitis, 
white oral mucosal lesions known as Koplik spots, and a 


maculopapular rash. SNHL with mumps is uncommon, 
affecting less than 0.05% of patients, and tends to be uni- 
lateral (5). Similarly, hearing loss is uncommon in measles 
infection, seen in approximately 0.1% of patients. 


HIV 


HIV infection is associated with a significant incidence of 
SNHL, though this relationship is not fully understood. 
The etiology is likely variable and includes a high inci- 
dence of middle-ear disease, opportunistic infections and 
malignancies of the CNS, viral labyrinthitis and neuritis, 
and ototoxicity from medications used to treat HIV infec- 
tion and its complications (6). 


Bacterial Infection 


Most bacterial infections involving the inner ear represent 
extension of inflammation or infection from the middle 
ear or CNS. Acute otitis media can produce a sterile serous 
labyrinthitis secondary to the passage of bacterial toxins 
and inflammatory mediators into the inner ear fluids, likely 
through the round window or a dehiscent lateral semicir- 
cular canal in patients with chronic middle-ear disease and 
cholesteatoma. This typically causes a mild high-frequency 
hearing loss. Entrance of bacteria into the inner ear will 
lead to a suppurative labyrinthitis, which is heralded by 
severe hearing loss, vertigo, and vegetative symptoms. 
Similarly, in patients with meningitis, bacteria may 
invade the labyrinth via the internal auditory canal or the 
cochlear aqueduct. SNHL is a common complication of 
meningitis, particularly in children. Up to a third of patients 
with bacterial meningitis sustain some loss of hearing. The 
hearing loss is typically bilateral and stable, though it may 
be unilateral and progressive or fluctuating. Male sex, CT 
scan evidence of elevated intracranial pressure, nuchal 
rigidity, low cerebrospinal fluid (CSF) glucose levels, and 
Streptococcus pneumoniae as the infective agent all are associ- 
ated with an increased incidence of postmeningitic SNHL. 


Syphilis 


Syphilis was historically a common cause of otologic dys- 
function though this late manifestation of the disease is 
uncommon today in the developed world. Syphilis is 
caused by infection with Treponema pallidum, which may 
be transmitted transplacentally (congenital syphilis) or 
through sexual contact (acquired syphilis). Though the 
incidence of syphilis peaked in the United States in the 
1940s and has since declined, there has recently been an 
increase in the incidence among male homosexuals and 
patients with HIV (7,8). Syphilis is characterized by clas- 
sic symptomatic stages interspersed with periods lacking 
significant symptoms. Primary syphilis is typically seen in 
the acquired form and is characterized by the presence of 
a chancre (a painless, nonpurulent, and indurated ulcer 
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in the region of sexual contact), which usually appears 
3 weeks after initial infection. Although usually solitary, 
multiple ulcers may be seen in HIV-infected patients (7); 
however, chancres may go unnoticed and may only be seen 
in a third of cases (9). Symptoms can last from 3 to 90 days, 
but often go unnoticed (10). Secondary syphilis occurs 
weeks after the chancre has healed and is characterized by 
a variety of mucosal and cutaneous lesions that appear 2 to 
12 weeks after initial infection (it may overlap the primary 
stage in up to 75% of HIV-infected patients) as well as the 
presence of constitutional symptoms such as fever and 
malaise. Asymptomatic meningitis may occur in up to 40% 
of patients (10), although associated sudden progressive 
bilateral hearing loss and vertigo are rare (11). Other organ 
systems may be involved, including the liver, kidney, eyes, 
and joints. The latent phase follows, which is characterized 
by a lengthy period free of symptoms. Tertiary syphilis, 
which is similar to late congenital syphilis, manifests years 
after initial infection. It is characterized by cardiovascular, 
gummatous, and neurologic involvement. Approximately 
15% to 40% of untreated patients will progress to the third 
stage (7). Neurosyphilis is composed of meningovascular 
and parenchymal lesions that can lead to demyelination 
(tabes dorsalis), motor weakness, and sensory loss. 

The diagnosis of syphilis depends on clinical findings, 
histologic examination of lesions, and serologic testing for 
syphilis. The Venereal Disease Research Laboratory screen- 
ing test and rapid plasma reagin are useful screening tests, 
but lack sufficient sensitivity for both early and late syphilis 
(10). Treponemal tests, such as the fluorescent treponemal 
antibody absorption (FTA-ABS) test or a microhemaggluti- 
nation test for T: pallidum, have higher sensitivity and spec- 
ificity, and are often required for diagnosis. In fact, routine 
serologic testing for otosyphilis is recommended in all 
cases of idiopathic progressive SNHL (12). In addition, the 
diagnosis of neurosyphilis may require testing of CSF (10). 

The otologic manifestation of syphilis presents as both 
hearing and vestibular dysfunction. Sensorineural hear- 
ing is very common from both in congenital and the later 
stages of acquired syphilis. It can be present in up to 40% 
of patients with congenital syphilis and up to 80% to 90% 
of patients with neurosyphilis (13). In addition, many 
patients present with vestibular dysfunction similar to that 
seen with Méniere disease (14). In fact, it has been reported 
to be present in up to 7% on patients thought to have 
Méniere disease (11). Left untreated, however, otogenic 
syphilis has a more aggressive course than Ménieére disease, 
commonly involving both ears and leading to profound 
deafness. Physical exam reveals signs consistent with SNHL 
and peripheral vestibular loss. Hennebert sign (vertigo and 
nystagmus induced with air pressure to the middle ear) 
and Tullio phenomenon (vertigo and nystagmus caused by 
loud noise) may be associated with tertiary syphilis. 

The changes in the inner ear resulting from syphilis 
have been well described. The otic capsule may be involved 
during the secondary and/or tertiary stages of infection. 
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Involvement manifests as osteitis of the otic capsule bone. 
Inflammation is mediated by mononuclear cells and results 
in patchy bone reabsorption; these spaces are subsequently 
filled with fatty marrow and loose connective tissue (15). 
It is accompanied by an obliterative endarteritis typical of 
syphilitic infection. In severe cases, gumma (lymphocytic 
infiltrates, vascular occlusion, and central necrosis) may 
be noted in the otic capsule. In addition, degeneration of 
the labyrinthine membrane, endolymphatic hydrops, and 
fibrosis have been described (16). The peripheral vestibu- 
lar system may also be involved during the second stage 
of infection, in which both the VIII cranial nerve and laby- 
rinth are involved in fulminant meningoneurolabyrinthitis. 

Penicillin-based antibiotics (or an alternate if allergic) 
are the treatment of choice, with duration varied by stage 
of disease. The use of corticosteroids in the treatment of 
otogenic syphilis is controversial (11,17-20). The progno- 
sis for hearing loss in otogenic syphilis is poor, with hear- 
ing improvement seen in less than one-third of treated 
patients (13). 


Lyme Disease 


SNHL has also been reported in association with infection 
by another spirochete, Borrelia burgdorferi, the causative 
organism of Lyme disease. The organism is introduced into 
the skin by the bite of an infected tick of the genus Ixodes. 
The spirochete has particular tropism to skin, CNS, heart, 
joints, and the eyes. It is not fully clear which features are 
a result of disseminated infection and which result from 
the systemic inflammatory response. In the head and neck, 
Lyme disease is most commonly associated with facial 
paresis, particularly in children. There have also been 
reports of sudden SNHL or a Ménieére-like syndrome. 


GRANULOMATOUS DISEASE 


Langerhans Histiocytosis 


Langerhans histiocytosis (previously called histiocytosis 
X) describes a group of idiopathic disease caused by the 
abnormal proliferation of histiocytes. Histiocytes, normally 
benign cells found in the dermis or epidermis, accumulate 
in the skin, bone, lymph nodes, and visceral organs. This 
group is comprised of three diseases, eosinophilic granu- 
loma, Hand-Schiller-Christian disease, and Letterer-Siwe 
disease, which describe progressively more aggressive and 
widespread manifestations of the same underlying pathol- 
ogy. Patients with eosinophilic granuloma develop soli- 
tary osteolytic lesions without systemic manifestations. 
The course of this disease is typically benign, and patients 
often undergo spontaneous regression of their lesions. 
For those who do not, local excision of the granuloma or 
intralesional steroids can be performed. Hand-Schiiller- 
Christian disease typically affects patients less than 5 years 
old, who develop multifocal osteolytic lesions with rare 
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extraskeletal involvement. Up to 25% of patients present 
with the triad of osteolytic skull lesions, exophthalmos, and 
diabetes insipidus. Letter-Siwe is the most aggressive of this 
group, presenting most commonly in children less than 
3 years old, who develop disseminated disease with diffuse 
involvement of multiple organs. Prognosis is poor with 
most patients succumbing to the disease in childhood (21). 
Lesional biopsy for each of these diseases demonstrates 
characteristic tennis racket-shaped Birbeck granule on his- 
tology, the result of cytoplasmic inclusions bodies. In addi- 
tion, diagnosis can be made by demonstrating the presence 
of the CD1 antigen with immunohistochemistry (21). 

The otologic manifestations of these diseases result 
from the development of a granuloma within the temporal 
bone. As the granuloma expands, it can cause conductive 
hearing loss, otorrhea, facial nerve paralysis, vertigo, and 
SNHL depending on which anatomic structures the granu- 
loma violates (22,23). For patients with systemic disease 
and a temporal bone lesion, systemic steroids are the first 
line of therapy, with etoposide, vincristine, and vinblastine 
reserved for refractory patients. For patients with disease 
localized to the temporal bone, surgical debulking can be 
performed with topical and intralesional injection of ste- 
roids. Radiation therapy has also been successful in treat- 
ing temporal bone lesions refractory to resection (24). 


Sarcoidosis 


Sarcoidosis is a chronic multisystem disorder characterized 
by the presence of noncaseating granulomas. Classically, 
patients present with pulmonary symptoms characterized 
by persistent cough and hilar lymphadenopathy on chest 
x-ray. In addition, they can develop a granulomatous skin 
rash, iridocyclitis, keratoconjunctivitis, hepatosplenomeg- 
aly, myalgias, arthralgias, and neuropathies. Laboratory 
examination typically demonstrates hypercalcemia and an 
elevated angiotensin-converting enzyme level. 

The otologic manifestations of sarcoidosis can result 
from uveoparotid fever or granulomatous disease within 
the middle ear or temporal bone. Uveoparotid fever, or 
Heerfordt syndrome, describes the constellation of paroti- 
tis, uveitis, fever, and facial nerve paralysis (25). Temporal 
bone or middle-ear granulomas can result in conductive 
or sensorineural hearing loss and vestibular dysfunction. 
Primary treatment of sarcoidosis is accomplished with 
corticosteroids. Refractory patients can benefit from meth- 
otrexate, cyclophosphamide, and number of other immu- 
nomodulatory agents (26). 


Wegener Granulomatosis 


Wegener granulomatosis is a systemic vasculitis of medium 
and small blood vessels resulting in a triad of necrotizing 
granulomas of the upper airway, necrotizing glomerulone- 
phritis, and systemic necrotizing angiitis. Though Wegener 
granulomatosis is due to an autoimmune process, it is 


included in this section on granulomatous disease given 
that the otologic manifestations are mostly due to gran- 
ulomatous involvement of the middle ear. Necrotizing 
granulomas can develop within the middle ear and mas- 
toid, compromising the ossicular chain and eustachian 
tube function, resulting in a conductive hearing loss. This 
is more common than inner ear disease, but 8% to 20% of 
patients with Wegener granulomatosis do develop SNHL 
that is likely more similar in etiology to autoimmune dis- 
ease as is discussed later in this chapter (27,28). 


AUTOIMMUNE DISEASE 


Autoimmune inflammation of the inner ear may be part of 
a systemic autoimmune syndrome or may occur in isola- 
tion as an organ-specific process. The most common auto- 
immune diseases that affect the ear are Cogan syndrome, 
polyarteritis nodosa (PAN), rheumatoid arthritis, relapsing 
polychondritis, and Wegener granulomatosis. The clinical 
presentation and pathophysiology of these diseases’ oto- 
logic manifestations are reviewed in this section. Several of 
these diseases have also been associated with cases of sud- 
den hearing loss and histopathologic evidence of labyrin- 
thitis (29). When autoimmune inflammation of the inner 
ear occurs as an organ-specific process, we refer to this as 
AIED, a relatively recently identified disease about which 
much remains unknown. 


Cogan Syndrome 


Cogan syndrome is a rare disease characterized by nonsyphi- 
litic interstitial keratitis associated with vertigo, tinnitus, and 
hearing loss (30,31). The auditory and vestibular dysfunc- 
tion resembles that seen in Méniére disease and untreated, 
progresses to profound deafness within weeks or months 
(32). The interval between ocular and otologic disease varies 
from a few weeks to a year; either organ may be affected first. 
Other forms of ocular inflammation, including uveitis, iritis, 
episcleritis, or conjunctivitis, may occur instead of the kera- 
titis, in which case the disorder may be defined as atypical 
Cogan syndrome (33). The etiology of Cogan syndrome is 
unknown. While the relatively focal inflammation suggests 
organ-specific autoimmunity, this has not been proven. Like 
other vasculitides, the disease may represent a hypersensitive 
immune reaction to a viral infection. Vogt-Koyanagi-Harada 
syndrome presents with symptoms similar to those seen in 
Cogan syndrome. However, it also includes depigmentation 
of the hair and skin around the eyelashes, loss of eyelashes, 
and onset of aseptic meningitis. It may represent an autoim- 
mune reaction to melanin-containing cells (34). 


Polyarteritis Nodosa 


Immune-mediated inner ear disease (IMIED) can also 
be a component of PAN (35). Postmortem temporal 
bone histopathologic studies on patients with PAN have 
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demonstrated vasculitic changes within the labyrinth. 
PAN is a systemic vasculitis of small and medium blood 
vessels without glomerulonephritis. Vessel wall inflamma- 
tion progresses to aneurysmal dilation, thrombosis, and 
tissue infraction with the manifestations of the disease 
being those of end-organ ischemia. There is an associa- 
tion with hepatitis B infection with approximately 30% 
of PAN patients demonstrating positive hepatitis B surface 
antigen. 


Relapsing Polychondritis 


Relapsing polychondritis describes an immune-mediated, 
episodic inflammation of cartilaginous structures. This 
inflammation can affect any of a number of cartilaginous 
structure including those of the ear, nose, trachea, larynx, 
and ribs. As with many autoimmune disorders, women are 
more commonly affected than men, and the age of symp- 
tom onset is typically in the fifth decade of life. Acutely, 
the disease manifests as local inflammation with resulting 
arthropathies and can be associated with weight loss, myal- 
gia, and fever. Over time, recurrent bouts of cartilaginous 
inflammation result in atrophy, scarring, and anatomic dis- 
tortion of cartilaginous structures. On laboratory studies, 
patients present with an elevated erythrocyte sedimenta- 
tion rate (ESR), normochromic normocytic anemia, and 
positive rheumatoid factor (36). 

The otologic manifestations of relapsing polychondri- 
tis affect the cartilaginous portion of the pinna. Patients 
present with recurrent inflammation of the pinna, char- 
acterized by erythema, tenderness, and pain that spares 
the lobule and the canal (37). First-line treatment is with 
enteral corticosteroids. Second-line therapeutic agents 
include dapsone, indomethacin, and salicylates. 


Rheumatoid Arthritis 


Rheumatoid arthritis is another immune-mediated disease 
that can manifest otologic pathology. It is characterized by 
a persistent inflammatory synovitis resulting in progressive 
destruction of the cartilage within joints. Like relapsing 
polychondritis and many other autoimmune diseases, it is 
more common in women and typically presents in the fifth 
decade of life. Acutely, this disease causes myalgias, mus- 
cular weakness, fatigue, and anorexia. Over time, patients 
develop joint pain, inflammation, and deformation that are 
typical of the disease (38). Laboratory studies mirror those 
of relapsing polychondritis with elevated ESR, normochro- 
mic normocytic anemia, and positive rheumatoid factor. 
The otologic manifestations of rheumatoid arthritis 
can affect the external, middle, and inner ear. Rheumatoid 
nodules, painful cutaneous or subcutaneous raised lesions, 
can develop on the external ear. Middle-ear manifestation 
is typically characterized by a conductive hearing loss sec- 
ondary to involvement of the ossicular suspensory liga- 
ments and resulting abnormal middle-ear mechanics. In 
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addition, patients have a significantly higher rate of SNHL 
than the general population though the pathophysiologic 
mechanism for this is unknown (39). First-line treat- 
ment typically involves medical therapy with aspirin or 
nonsteroidal anti-inflammatory drugs, though steroids and 
immunosuppressant are commonly used for those with 
refractory or more severe disease. 


Autoimmune Inner Ear Disease 


AIED specifically refers to the clinical presentation of idio- 
pathic, rapidly progressive, bilateral SNHL. This condition 
has come to be known by a variety of names including 
IMIED and immune-mediated cochlea-vestibular disease. 
While the pathogenesis of otologic dysfunction in some 
systemic autoimmune diseases has been well defined, our 
understanding of AIED still leaves much to be discovered. 

AIED was first described by McCabe in 1979 as a rapidly 
progressive (over a course of weeks to months) bilateral 
SNHL that responds to the administration of immuno- 
suppressants (40). In his original description, McCabe 
describes pathology restricted to the inner ear, which is 
now referred to as primary AIED. Since that time, secondary 
AIED has come to refer to multisystemic, organ-nonspecific 
autoimmune diseases that also involve the inner eat. 

The classification of this disease as an autoimmune or 
immune-mediated disorder was initially assigned given the 
improvement in symptoms patients achieved with immu- 
nosuppressive therapy. Autoimmune diseases result when 
the immune system’s ability to distinguish between self and 
non-self is disturbed, and cytotoxic mechanisms designed 
to destroy foreign material and microorganisms attack the 
native tissue. This process is mediated by a specific anti- 
gen inherent to the targeted organ to which the immune 
system has become improperly sensitized. Confirming 
the presence of this antigen confirms the immune-medi- 
ated nature of disease and helps guide treatment. As is 
discussed, a large amount of research has been dedicated 
toward identifying such an antigen for AIED, with limited 
success. Despite this, AIED is still felt to most likely arise 
from autoimmune etiology. 


Epidemiology 

Primary AJED is very rare, though it is difficult to deter- 
mine the exact incidence, given the lack of a definitive 
diagnostic test to identify affected patients. Retrospective 
studies estimate the incidence as less than that of sudden 
SNHL, which occurs with an incidence of 1 case per 5,000 
to 10,000 population per year (34,41). 


Pathophysiology 

The pathogenesis of AIED has been the subject of extensive 
research guided by the goal of developing more effective 
therapies. Given the probable immune-mediated nature of 
this disorder, much of this research has focused on identify- 
ing the responsible target antigen within the inner ear that 


2524 Section IX: Otology 


is provoking the immune response. The main contribution 
of this work pertains to the detection of a specific antibody 
that binds to a 68-kilodalton (kDa) bovine inner ear anti- 
gen on Western blot analysis. This antibody has been found 
in the guinea pig model, as well as in humans with AIED 
(42,43). The same antibody was also found to bind to the 
inducible form of bovine (but not human) heat shock pro- 
tein 70 (HSP-70), and as a result, this protein was once con- 
sidered integral to the pathogenesis of AIED. More recent 
data suggest that the antibody targets multiple peptides 
similar to those present in the highly conserved protein 
CTL2, which is abundantly expressed in both the guinea 
pig and human inner ear (44). CIL2 coprecipitates with 
the protein cochlin, which is one of the most expressed 
proteins in the inner ear. Cochlin is critical to the structure 
and function of the inner ear, and mutations are known to 
cause cochleovestibular pathology. Recent work reveals that 
cochlin-specific serum Ab titers are significantly elevated in 
those with AIED in comparison to age-matched controls 
(45). The same study also implicates T-cell response to 
this specific protein, supporting cochlin as a possible tar- 
get antigen susceptible to both B-cell and T-cell influence. 
CTL2 and cochlin have therefore replaced HSP-70 as the 
most likely target of the immune target in AIED. 


Clinical Presentation 

The hallmark of AIED, as originally described by McCabe, 
is the presence of bilateral SNHL that progresses during a 
period of weeks to months (34). It is important to note that 
the hearing loss may initially be unilateral and that it may 
take months for the bilaterality to emerge. Fluctuations in 
hearing may occur, but the overall course is one of a relent- 
less deterioration in auditory function. Approximately 
50% of patients have symptoms of vestibular dysfunction, 
with 20% of patients experiencing episodes of vertigo con- 
sistent with those seen in Ménieére disease (34). 


Differential Diagnosis 
Critical in the diagnosis of AIED is differentiating it from 
sudden idiopathic SNHL, as these two diseases can pres- 
ent with similar symptoms. However, AIED and idiopathic 
sudden SNHL are two distinct disorders. AIED is consid- 
erably more rare than sudden SNHL. AIED is by defini- 
tion bilateral, while sudden hearing loss is virtually always 
unilateral, although, at initial presentation, AIED may not 
have yet affected both ears. Sudden hearing loss develops in 
less than 72 hours. In contrast, AIED progresses over days 
to months such that serial audiograms on a monthly basis 
will show continued decline. Sudden hearing loss is an 
otologic emergency with a treatment window of perhaps 2 
to 4 weeks, during which a short burst and taper of corti- 
costeroids are recommended to achieve optimal recovery. 
AIED is not urgent. Patients with progression of hear- 
ing loss over a G- to 12-month period can still achieve 
significant recovery with administration of a long course 
of high-dose corticosteroids or other immunosuppressive 


drugs. Throughout the otolaryngology community, there 
is general awareness that some cases of SNHL are poten- 
tially reversible with corticosteroids. However, there is little 
awareness that these two entities are quite different in eti- 
ology, presentation, workup, and management. 

The clinical presentation of AIED may closely mimic 
that of Méniére disease. In fact, during the first months of 
evaluation, the two entities may be difficult to differenti- 
ate. Both can manifest fluctuations in hearing and episodic 
vertigo. If corticosteroids are administered, a spontaneous 
recovery in hearing, as seen in Ménieére disease, may be mis- 
taken for a positive response to immunosuppressive ther- 
apy. Ultimately, the more aggressive course of AIED will 
allow for the differentiation of these two disorders. It has 
been suggested that a subgroup of patients with symptoms 
of Méniére disease may share a common pathophysiology 
with patients who have AIED. This association is based on 
studies that have noted that approximately one-third of 
patients with Méniére disease may have a positive Western 
blot assay for anti-HSP-70 antibodies (46,47). However, 
this finding was not supported by a later study, in which 
the commercially available assay was utilized (48). 

Otosyphilis can closely mimic AIED, and must be ruled 
out as part of the workup. An acoustic neuroma may pres- 
ent with sudden or progressive unilateral SNHL. Rarely, 
meningitis, multiple sclerosis, or malignancy (e.g., meta- 
static disease, lymphoma) involving the dura may manifest 
as rapidly progressive bilateral hearing loss. 


Diagnosis 

No definitive diagnostic test exists to confirm a diagnosis 
of primary or secondary AIED, and identification of the 
disease still relies on history of clinical exam. In addition, 
an appropriate review of systems should include questions 
pertaining to recurrent or chronic ocular disease, nephritis, 
arthritis, pneumonitis, sinusitis, and inflammatory bowel 
disease in order to differentiate between primary AIED and 
secondary AIED. 

Despite this clinical diagnosis, a number of routine sero- 
logic tests should be ordered in patients who may have sus- 
pected AIED in order to rule out other causes of otologic 
dysfunction. These include a complete blood count with 
differential white count, ESR, rheumatoid factor, antinu- 
clear antibody test, anti-double-stranded DNA antibod- 
ies, anti-SSA/B antibodies, antiphospholipid antibodies, 
C3 and C4 complement levels, anti-gliadin antibodies, and 
Raji cell assay for circulating immune complexes. An FIA- 
ABS test (or a T. pallidum hemagglutination test) must be 
obtained to rule out otosyphilis. An HIV test may be consid- 
ered to rule out AIDS-associated hearing loss. An MRI with 
paramagnetic enhancement must be obtained to rule out 
the retrocochlear lesions discussed earlier in this chapter. 

Though not yet clinically applicable, a number of immu- 
nologic assays have been proposed to diagnose AIED. Tests 
of cellular immunity have been advocated by McCabe 
(lymphocyte migration inhibition assay) and Hughes 
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(lymphocyte transformation test) (49). Unfortunately, 
these tests have never been adequately validated, and their 
diagnostic accuracy has not been determined. During the 
1990s, attention was focused on the role of Western blot- 
ting for detection of an antibody that binds to a 68-kDa 
antigen derived from bovine temporal bone extract and to 
the inducible form of HSP-70 (50-52). As noted earlier in 
this chapter, these antibodies were first determined to be of 
significance when they were detected in both guinea pigs 
immunized with bovine inner ear extract and in humans 
manifesting AIED (52). In a prospective controlled study, 
with well-defined entry criteria, Moscicki and his col- 
leagues demonstrated that 89% of patients with active, rap- 
idly progressive hearing loss did have detectable levels of 
this antibody, while none of the control patients had posi- 
tive Western blots (53). 

There have been recent studies evaluating the use of PET 
scan as a tool for the diagnosis of AIED. Although initial 
observations suggested an association between AIED and 
positive PET scans, the most recent work fails to show any 
diagnostic benefit to PET scan (54). At this time, there is no 
role for PET in diagnosis of AIED. 

In summary, the diagnosis of primary AIED is based on 
clinical evaluation, the demonstration of progressive SNHL 
on audiometric assessment done at monthly intervals, and 
most importantly, a positive response to the administra- 
tion of corticosteroids. The presence of a positive Western 
blot may support the diagnosis of AIED but, in and of 
itself, can neither confirm nor rule out the diagnosis. 


Treatment 

Corticosteroid therapy for AIED evolved during the mid- 
1980s through the 1990s as a result of clinical experience. 
Niparko et al. (55) reported a prospective, randomized trial 
that showed a majority of patients with suspected AIED 
responded to corticosteroids, although the response was 
highly variable. These data seem to substantiate the current 
practice of most otologists. Initial therapy for adults con- 
sists of a therapeutic trial of prednisone (60 mg daily for 
4 weeks). Pediatric patients receive 1 mg/kg/d of prednisone 
for 4 weeks. Although patients may occasionally respond 
early in the 4-week period, many do not begin to improve 
until late in the month; shorter courses of treatment usu- 
ally result in relapse. 

Patients’ hearing is tested at the initiation of therapy and 
again at 4 weeks. If the threshold has improved by =15 dB 
at one frequency or 10 dB at two or more consecutive fre- 
quencies, or if the discrimination is significantly improved, 
patients are considered steroid responders. Nonresponders 
are tapered off their medication in 12 days. Responders con- 
tinue full-dose therapy until monthly audiograms confirm 
that they have reached a plateau of recovery. Their medica- 
tion is then slowly tapered over 8 weeks to a maintenance 
dose of 10 to 20 mg every other day. This maintenance 
dose is continued for a variable time. Clinical observation 
suggests that patients with a treatment duration of fewer 
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than 6 months are at increased risk of relapse compared 
with those treated for 6 months or longer. 

Patterns of response to corticosteroid therapy vary. Some 
patients have improvement in threshold, some in discrimi- 
nation only, and some in both areas. Some patients with 
hearing loss fluctuation and progression before therapy 
show stabilization in their hearing without actual improve- 
ment. Historically, these cases have been considered non- 
responders, but this issue is currently under reassessment. 
The majority of responders slowly taper off the steroid 
dose, wean from steroids, and do well. A subset of AIED 
patients relapse while tapering or after discontinuing ste- 
roids. In some instances, additional corticosteroid therapy 
is effective. In such cases, alternative immunosuppressive 
drugs are considered. Some patients, especially in the pedi- 
atric age group, may occasionally show steroid-dependent 
hearing loss. In other words, they cannot be weaned below 
a certain level of steroid dosage without decline in hear- 
ing. Such patients often develop unacceptable side effects 
of chronic steroid administration. Methotrexate has been 
used as part of a prednisone-sparing regimen; however, a 
recent randomized, prospective controlled, multicenter 
trial has shown methotrexate to be no better than a pla- 
cebo at maintaining a remission in these patients (56). 

Corticosteroid therapy has obvious limitations. Long- 
term administration carries a significant risk for gastritis 
and ulcers, fluid retention and weight gain, blood pres- 
sure lability, altered blood sugar metabolism and diabetes, 
avascular necrosis of the hip, mood changes or psychiatric 
problems, sleep disturbance, accelerated cataract forma- 
tion, osteoporosis, and cushingoid habitus. Overall ste- 
roid response rate is approximately 60% in AIED patients, 
and patients with vestibular symptoms appear to be par- 
ticularly sensitive (57). Recent research demonstrates that 
corticosteroid nonresponders have elevated plasma level 
of IL-1B and MMP-9 as compared with clinically respon- 
sive patients, suggesting that IL-1B blockade may be viable 
therapy for these patients (58). Although high-dose cor- 
ticosteroids are associated with serious side effects, with 
appropriate patient selection, monitoring, and patient edu- 
cation, high-dose corticosteroids are safe and effective (59). 

A number of alternatives to systemic corticosteroids 
have been proposed, including methotrexate, etanercept, 
and cyclophosphamide. Low-dose methotrexate appeared 
to be useful as an adjunct in management of steroid- 
dependent hearing loss (60). However, as noted earlier 
in this chapter, the recent large trial indicates that it may 
not serve an effective role as a prednisone-sparing drug. 
Etanercept, an inhibitor of tumor necrosis factor (TNF) 
alpha, has recently been used to treat AIED. Anecdotally, 
it appears to work well in combination with methotrexate 
because of its steroid-sparing effect. As seen in rheumatoid 
arthritis, etanercept alone does not appear nearly as effec- 
tive. In both an open-label and blinded, prospective study, 
etanercept was shown not to be efficacious in improving 
hearing loss in patients with AIED (61-63). 
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Cyclophosphamide is a potent cytotoxic agent generally 
used for cancer chemotherapy and treatment of Wegener 
granulomatosis. Although some advocate its use as a first- 
line drug, the high risk of toxicity makes it a better choice 
as a salvage drug or treatment of last resort (64). An initial 
dose of 1 mg/kg/d orally for 4 to 6 weeks may be instituted. 
When no response is apparent, the dose is doubled to 2 mg/ 
kg/d. Responders are treated for 6 to 12 months. Toxicity 
includes severe myelosuppression, opportunistic infection, 
hair loss, cystitis, infertility, and increased risk of malignan- 
cies. Weekly monitoring of hematologic status is manda- 
tory. Many patients, when confronted with the risk of this 
medication, would rather consider cochlear implantation. 

Intratympanic steroid therapy, intratympanic TNF alpha 
inhibitor, systemic immunoglobulin G injections, and 
plasmapheresis are possible treatments with sound theo- 
retical justification (65,66). Intratympanic steroid therapy 
is particularly appealing because it is minimally invasive 
and enables direct application of the drug to the affected 
site with low risk of systemic effects (67). There are, how- 
ever, no published series in which these treatments have 
been systematically applied. The best role for any of these 
treatment modalities remains to be determined. 

Recently, researches have experimented with immuno- 
therapy as a means of treating AIED. Studies have demon- 
strated that a low dose of beta-tubulin is active orally in 
an antigen-specific fashion and capable of inhibiting the 
autoimmune reactions in the inner ear by suppressing 
Th1 (IFN-gamma) and increasing Th2 and Th3 (IL-4, IL-5, 
IL-13, and TGF-beta) cytokines. Oral antigen tolerance 
may in the future be used to treat AIED (68). 

In summary, the only drugs of proven utility in the man- 
agement of AIED are the corticosteroids. All other immuno- 
suppressants currently employed have not been systematically 
evaluated and carry with them serious toxicity risks. In a 
patient who cannot be maintained on corticosteroids because 
of complications, the possibility of withdrawing treatment, 
with the intention of inserting a cochlear implant when the 
hearing becomes significantly impaired, must be considered. 


DISEASES OF BONE 


Paget Disease 


Paget disease, also known as osteitis deformans, is a chronic 
progressive disorder of bone metabolism of unknown etiol- 
ogy. It results from increased activity of osteoclasts and osteo- 
blasts, which manifest as bony hypertrophy and remodeling. 
Its prevalence increases dramatically with age, with 3% of 
people over the age of 40 demonstrating histopathologic 
evidence of the disease and 11% of people over the age of 80 
demonstrating histopathologic evidence of the disease (69). 
The disease is far more common among men than women 
with relative incidence of about 4:1. Patients with Paget dis- 
ease typically present in their sixth decade, most commonly 
with complaints of an enlarging skull, progressive kyphosis, 


and deformities of the pelvis, femurs, and tibia. Radiologic 
findings for these patients include thickening of the calvar- 
ium with ill-defined densities and poor definition of cortical 
margins of the inner ear and internal auditory meatus. 

The otologic manifestations of Paget's typically pres- 
ent as a mixed conductive and SNHL, estimated to effect 
between 5% and 44% of patients (70). The conductive por- 
tion of this hearing loss is typically down-sloping and 20 to 
30 dB in severity. The etiology of this hearing loss is not well 
explained and cannot be attributed to compressive etiologies 
as with other diseases of bone. It is believed to arise primar- 
ily from changes in bone density and geometry that interfere 
with normal hearing mechanisms. In addition, patients with 
Paget can present with tinnitus and mild vestibular com- 
plaints. Facial nerve symptoms are highly unusual. 

Treatment of Paget disease relies primarily on bisphos- 
phonate therapy, which inhibits osteoclast activity, thereby 
inhibiting bone reabsorption. Calcitonin has also been 
demonstrated to be effective in this manner. There are no 
surgical treatments to improve conductive hearing loss for 
these patients. 


Osteogenesis Imperfecta 


Osteogenesis imperfecta (OI), also known as Hoeve-de 
Kleyn syndrome, is a connective tissue disorder that mani- 
fests as a variety of types with vastly differing severity. It 
results from mutations in either of two genes codes for 
type I collagen (COL1A1 and COL1A2) (71). 

Type I OI is the mildest form of the disease and is 
inherited in an autosomal dominant pattern. This is the 
classic form of the disease and is the most common type, 
with an incidence of 1:30,000. Clinically, patients demon- 
strate characteristic blue sclera and nondeforming fractures 
while maintaining normal stature. Type II OI is lethal with 
patients developing multiple fractures in utero, often result- 
ing in stillbirth. It is inherited in an autosomal recessive pat- 
tern and has an incidence about half that of type I, 1:60,000. 
Type Il and type IV are increasingly rare and manifest with 
a severity intermediate to that of type I and type II. Patients 
with type III OI develop multiple fractures with resulting 
progressive bone deformity. They also demonstrate blue 
sclera at a young age but this transitions to a normal white 
sclera later in life. This type can be inherited in an autoso- 
mal recessive or dominant pattern. Type IV OI presents with 
a similar clinical picture to type I but with normal, white 
sclera. Like type I OI, clinical manifestations can be mild, 
and a patient's disease can elude clinical detection. 

It is estimated that 30% to 50% of patient with type I 
OI develop hearing loss, 50% of patients with type II OI 
develop hearing loss, and 10% to 30% of patient with type 
IV OI develop hearing loss (72). There is no demonstrated 
association between the severity of peripheral fractures and 
the presence of hearing loss. Conductive hearing loss results 
from fractures to the ossicles, most commonly the long pro- 
cess of the incus or the stapes crura. This conductive hearing 
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loss has been addressed successfully with amplification or 
ossiculoplasty to replace fractured ossicles. In addition, 
stapedectomy can be effective but must be performed very 
delicately due to the fragility of the ossicles. There is some evi- 
dence to demonstrate that stapedectomy outcomes are better 
when performed for type I OI (73). 


Fibrous Dysplasia 


Fibrous dysplasia is a benign, chronic, slowly progressive 
disease of unknown etiology. It describes the replacement 
of normal cancellous bone by spicules of woven bone in a 
fibrous stroma. Fibrous dysplasia occurs in several forms: 
monostotic, polyostotic, or as part of the constellation of 
symptoms comprising McCune-Albright syndrome. The 
monostotic form is the most common. It usually pres- 
ents late in childhood and then can become quiescent at 
puberty. The affected bone is most commonly a rib, the 
skull, the proximal femur, or the tibia. The polyostotic 
form usually presents earlier and will continue to prog- 
ress throughout life (74). Skeletal lesions are multiple but 
usually unilateral. Radiologic findings typical of fibrous 
dysplasia include radiolucent areas with a well-defined 
smooth or scalloped edge and a ground-glass appearance. 
Otologic manifestations of the disease manifest from 
craniofacial involvement, which occurs far more com- 
monly in the polyostotic (50% to 100%) form than in 
the monostotic form (10% to 30%). Conductive hearing 
loss is the most common clinical manifestation, resulting 
from occlusion of the external auditory canal (EAC) due 
to painless, progressive involvement of the temporal bone. 
In addition, patients can develop a canal cholesteatoma or 
involvement of the ossicular chain (75). Facial nerve paral- 
ysis or paresis and SNHL have also been reported. Patients 
can benefit from medical treatment with bisphosphonates. 
Surgical treatment with canaloplasty, meatoplasty, or cho- 
lesteatoma resection can also benefit these patients. 


Osteopetrosis 


Osteopetrosis is a rare, inherited disorder of bone remod- 
eling that results in characteristic increased bone density 
due to defective function of the osteoclasts. It presents in 
two forms, an autosomal recessive form and an autoso- 
mal dominant form. The autosomal recessive type, also 
called malignant osteopetrosis, is the more severe form. 
It is rapidly progressive, resulting in encroachment of the 
bone marrow and neural foramina. Patients consequently 
develop thrombocytopenia, hepatosplenomegaly, and cra- 
nial nerve palsies that often result in death (76). The auto- 
somal dominant form, also known as Albers-Schénberg 
disease and marble bone disease, is more progressive, 
more indolent, and more common. It results in progres- 
sive head and mandible enlargement with clubbing of the 
long bones. Patients can also develop cranial neuropathies 
secondary to compression at neural foramina. 
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Otologic manifestations include SNHL from compression 
of the cochlear nerve and conductive hearing loss from 
thickening of the ossicles and the meso- and epitympanum 
(77). Facial nerve weakness can also develop from compres- 
sion at the stylomastoid foramen. The only treatment for 
malignant osteopetrosis is bone marrow transplantation. 
Cochlear nerve decompression has also been described for 
SNHL resulting from the milder form of the disease. 


METABOLIC DISORDERS 


Mucopolysaccharidoses 


Mucopolysaccharidoses are a group of diseases that result 
from inherited deficiencies in lysosomal enzymes needed to 
break down mucopolysaccharides. This results in intracellu- 
lar accumulation of mucopolysaccharides and abnormally 
large dysfunctional cells with vacuolated cytoplasm. There 
have been 10 identified lysosomal enzyme deficiencies that 
make up this group. Examples of these include Hunter syn- 
drome, an X-linked disease caused by an absence of t-idu- 
ronidase; Hurler syndrome, an autosomal recessive disease 
caused by a lack of iduronate-2-sulfate; and Morquio syn- 
drome, caused by a lack of N-acetylgalactosamine-6-sulfate 
or beta-galactosidase. Diagnosis of each is made through 
assays that test for the presence of each of these enzymes. 

The otologic manifestation of mucopolysaccharidoses 
typically presents as a mixed hearing loss. The conductive 
component is usually secondary to eustachian tube dys- 
function and resulting serous otitis media. The cause of 
SNHL is unclear though it is thought that abnormal lipid 
metabolism within nerve cells may be at fault. Treatment 
of these patients is typically supportive with long-term 
tympanostomy tube placement to alleviate serous otitis 
media (78). Some patients respond to systemic enzyme 
replacement therapy. Current research is investigating the 
efficacy of gene therapy for these patients (79). 


m Infectious diseases are the most common systemic 
diseases to manifest otologic pathology. 

m Congenital CMV infection can result in both a 
severe SNHL in babies presenting with symptomatic 
infections and a variable progressive SNHL in chil- 
dren with asymptomatic infections. 

= Up to a third of patients with bacterial meningi- 
tis sustain some SNHL, which is typically bilateral 
and stable, though it may be unilateral and pro- 
gressive or fluctuating. 

m Otogenic syphilis can mimic Méniere disease, though 
it typically has a more aggressive course, involving 
both ears and leading to profound deafness. 
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Langerhans histiocytosis can present as an isolated 
granuloma affecting the temporal bone (eosino- 
philic granuloma) orasa multifocal (Hand-Schiller- 
Christian disease) or disseminated (Letterer-Siwe 
disease) process. 

Granulomatous diseases most commonly cause 
conductive hearing losses, by disrupting the con- 
ductive mechanisms within the middle ear. 

AIED is a rare entity characterized by bilateral SNHL 
that progresses over weeks to months and is respon- 
sive to steroids. 

Diagnosis of AIED relies on clinical evaluation as well 
as a comprehensive assessment of immunologic mark- 
ers; Western blot for an antibody to a 68-kDa protein 
that binds HSP-70 is not standard of care in the evalu- 
ation of AIED. 

Treatment of AIED is not urgent as there is a 6- to 
12-month period in which a significant recovery of 
hearing loss is possible with administration of high- 
dose corticosteroids. 

Initial therapy for AIED is 60 mg of prednisone a 
day for 4 weeks. Response to steroids is variable, and 
treatment is tailored to initial response. 

Neither etanercept nor methotrexate has been 
shown to be efficacious in improving hearing loss in 
patients with AIED. 

Disease of bone can cause both conductive hearing 
loss by directly damaging the middle ear and ossicles 
and SNHL through compression of the cochlear nerve. 
The otologic manifestation of mucopolysaccharido- 
ses typically presents as a mixed hearing loss, with 
the conductive component usually secondary to 
serous otitis media. 
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Noise-Induced Hearing 
Loss 


Robert A. Dobie 


Noise and aging are responsible for most cases of 
permanent hearing loss in the United States. Although not 
correctable by medical or surgical treatment, noise-induced 
hearing loss (NIHL) is preventable. 

Otolaryngologists see patients with NIHL in many dif- 
ferent contexts. A noise-exposed worker may be referred for 
preemployment examination, for evaluation of threshold 
shifts or other abnormalities detected by a hearing con- 
servation program (HCP) at work, or for examination for 
compensation purposes at the end of his or her career. 
The otolaryngologist is expected to verify the existence 
and severity of the hearing loss, to render a differential 
diagnosis, to recommend treatment and rehabilitation, 
to counsel the worker, and to report to referring parties. 
Otolaryngologists also may be called on as consultants 
by employers designing HCPs or by attorneys involved in 
medicolegal and compensation disputes. 

Patients with NIHL are also seen through the normal 
pathways of self-referral or physician referral. These patients 
often have occupational or nonoccupational exposures 
that are uncontrolled, and then the otolaryngologist’s duty 
is to provide at least the rudiments of an HCP: periodic 
audiometry and counseling, including discussion of hear- 
ing protection. Unfortunately, most people with NIHL do 
not see otolaryngologists; thus, we should encourage pri- 
mary care physicians either to refer noise-exposed patients 
or to provide these services themselves (1). 

The goal of this chapter is to provide the otolaryngologist 
with most of the information needed to meet these needs. 


Pure-Tone Threshold Shifts 


Temporary Threshold Shifts 

Exposure to loud noise for seconds to hours may cause 
a temporary sensorineural hearing loss that recovers 
almost completely within 24 hours. The magnitude of this 
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temporary threshold shift (TTS) can be predicted from the 
acoustic parameters of the noise: its intensity, spectrum 
(frequency content), and temporal pattern. Obviously, 
more intense sounds lead to larger shifts. Pure tones cause 
TTSs that are greatest at and slightly above the frequencies 
of the exposure tones. As might be expected, the frequen- 
cies that we hear best are also the frequencies most sus- 
ceptible to TTS. (See Chapter 141 for a discussion of the 
effects of middle-ear mechanics and ear canal resonance 
on thresholds for different frequencies.) Because high- 
frequency sounds (e.g., a 4-kHz tone) are usually more 
hazardous than low-frequency sounds (e.g., a 500-Hz tone) 
of the same intensity, risk cannot be predicted from mea- 
surements of decibel sound pressure level (dB SPL) alone. 
To avoid the cumbersome necessity of assessing risk sepa- 
rately for each of several octave bands of noise, there is an 
international consensus that estimates of hazard for NIHL 
should be based on measurements of decibels on the A 
scale (dBA), which gives greater weight to those frequen- 
cies most hazardous to human hearing (1 to 5 kHz) and 
lesser weight to higher and lower frequencies. 

The effect of temporal pattern is more complex. Up to 
a point, longer exposures lead to increased TTS, but inter- 
rupted exposures cause less TTS than continuous exposures 
with the same overall duration. Presumably, recovery takes 
place during the rest intervals. 


Permanent Threshold Shift 

After repeated exposures to noises that initially cause only 
TTS, a worker may experience threshold changes that do 
not recover. This is called noise-induced permanent thresh- 
old shift (NIPTS). In a typical field study, a researcher 
determines the NIPTS attributable to 10 years’ exposure at 
100 dBA, for example, by measuring the hearing threshold 
levels (HTLs) of a group of workers so exposed and then 
subtracting the amount of hearing loss to be expected on 
the basis of aging. The amount of NIPTS and the frequen- 
cies involved depend primarily on the acoustic parameters 


of the noise, as described previously for TTS. As with TTS, 
intermittency has a protective effect, especially for low- 
frequency NIPTS (2,3). 

The consensus of most experts (4,5) is that NIPTS 
does not progress after cessation of the offending expo- 
sure. To be precise, as people with NIPTS from a prior 
exposure grow older, their hearing loss does not progress 
more rapidly than hearing loss in people who have not 
been noise exposed. That consensus view has been chal- 
lenged recently. Noise-exposed mice may show hearing 
loss that progresses more rapidly than expected after the 
noise stops, but this phenomenon has only been dem- 
onstrated for a single inbred strain exposed as juveniles 
(6). A review of serial audiograms from the Framingham 
Heart Study showed that middle-aged men who had 
4-kHz notches (presumably due to noise exposure in 
most cases) experienced more threshold shift at 2 kHz in 
subsequent years than men whose audiograms were not 
notched (7). Unfortunately, there was no documentation 
that the men with audiometric notches had actually been 
noise exposed (or that those without notches had not). 
In addition, many if not most of these men were below 
retirement age at the times of their initial audiograms, 
and there was no documentation that their occupational 
and nonoccupational noise exposures (if any) had ceased. 
A subsequent longitudinal study from South Carolina 
showed no difference in age-related progression of hear- 
ing loss between retirees who had had noisy careers and 
those who had had quiet careers (8), in agreement with 
the expert consensus. 

Although the acoustic reflex (contraction of the stape- 
dius muscle in response to loud sound) evolved before 
firearms and industrial noise, it is probably protective 
against NIPTS, at least for frequencies below 2 kHz, where 
the acoustic reflex effectively attenuates sound. Borg et al. 
(9) have shown in experimental animals and in humans 
with Bell palsy that permanent threshold shift (PTS) and 
TTS increase dramatically for lower frequencies when the 
reflex is inactivated. The efferent innervation of the outer 
hair cells probably exerts a protective role as well; at least 
in mice and guinea pigs, strong efferent olivocochlear func- 
tion is correlated with resistance to NIHL (10,11). 

We have already mentioned several explanations for the 
familiar 4-kHz notch (which can also be at 3 or 6 kHz): 
the greater sensitivity of the human ear to frequencies 
between 1 and 5 kHz, the protective effect of the acoustic 
reflex below 2 kHz, and the fact that intermittency is most 
protective for low frequencies. Recently, another reason has 
been added: Outer hair cells at the base of the cochlea are 
especially susceptible to oxidative stress (12). However, 
a notch is not proof of NIHL and can be seen after head 
injury, after barotrauma, or even in the absence of any 
explanatory history (13). 

In both TTS and PTS experiments in animals, the 
amount of threshold shift caused by a particular exposure 
can often be reduced by adding prior exposure at lower 


Chapter 157: Noise-Induced Hearing Loss 2531 


10 Control 


dB HL 


50 &X 


70 Exposed 


°0205 1 2 3 4 6 8 
FREQUENCY (kHz) 


Figure 157.1 Median audiograms of retired jute weavers 
(exposed) and non-noise-exposed women of similar ages (control). 
NIPTS is estimated by subtracting HTLs expected with aging from 
HTLs in the exposed group. 


levels; this is called “toughening” or “conditioning” the 
ear (14). Clearly, inner ear injury and hearing loss are not 
simply related to the total amount of sound energy enter- 
ing the ear. 

A landmark cross-sectional study of the evolution 
of NIHL over a working career was reported by Taylor 
et al. (15), in a jute-weaving factory in which noise levels 
(over 100 dBA) had probably been constant for gen- 
erations. Figure 157.1 shows the pattern of hearing loss 
found in retired female weavers compared with that of 
age-matched female controls who had had no hazard- 
ous occupational or nonoccupational noise exposure. The 
shaded area indicates the estimated median NIPTS; the 
greatest change was at 4 kHz. Figure 157.2 shows median 
NIPTS curves for varying lengths of employment in the 
mills. As many other studies have shown, when workers 
are exposed to typical broad-spectrum industrial noise, 
the earliest changes are in the high frequencies (3 to 
6 kHz). After about 10 years, loss in the high frequencies 
tends to plateau, but the loss continues to broaden gradu- 
ally into lower frequencies. 
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Figure 157.2 Median NIPTS as a function of audiometric fre- 
quency for different durations of exposure in jute-weaving mills 
(at level above 100 dBA). 
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Figure 157.3 Diagrammatic cross section of a normal cochlea 
hair cell. (Redrawn after Lim DJ. Functional structure of the organ 
of Corti: a review. Hear Res 1986;22:117, with permission.) 


Pathology 


Animal studies show clearly that NIHL involves the organ 
of Corti, especially the hair cells (Fig. 157.3). Although 
almost all cell types may be affected, the outer hair cells 
are most susceptible to damage. It has been difficult to find 
anatomic correlates to TTS, but it appears that the stereo- 
cilia of the outer hair cells become less stiff and therefore 
respond poorly to stimulation. These floppy stereocilia 
may recover their normal mechanical properties and func- 
tion normally again. With increasing intensity and dura- 
tion of exposure sufficient to cause NIPTS, more severe 
damage is seen with fusion of adjacent stereocilia and loss 
of stereocilia. The primary site of injury appears to be the 
rootlets that connect the stereocilia with the top of the 
hair cell (16). As stereocilia are lost, the hair cells them- 
selves may die. As the severity of exposure increases, inner 
hair cells and supporting cells in the organ of Corti may 
be damaged (Fig. 157.4), and with severe hair cell loss, 
secondary neural degeneration is reflected in the audi- 
tory nerve and brainstem auditory nuclei. Rapid primary 
degeneration of VIII nerve synapses, followed by gradual 


loss of ganglion cells, may also occur, probably caused by 
glutamate excitotoxicity (17). 


Acoustic Trauma 


A single exposure to a very intense short-duration sound 
can cause a permanent hearing loss not preceded by TTS. 
It is generally believed that in these instances sound 
mechanically damages the organ of Corti, tearing mem- 
branes, rupturing cells, and allowing perilymph and endo- 
lymph to mix. This is contrasted to the gradual loss of 
stereocilia and hair cells seen in NIHL, preceded by TTS, 
and usually considered to involve both injury and meta- 
bolic repair processes. Acoustic trauma can produce losses 
that are more severe than those seen with NIHL, espe- 
cially in the low frequencies. At extreme levels, such as 
with explosive or blast injury, even tympanic membrane 
or ossicular injury can occur, causing conductive or mixed 
hearing loss. 

An important type of exposure that can create either 
NIHL or acoustic trauma is impulse noise (18). Impulses 
in the range of 0.2-millisecond duration have peak energy 
at 2 to 3 kHz, are therefore especially hazardous to human 
hearing, and are typical of small arms gunfire. Such 
impulses, when above a critical level of 140 decibels (dB) 
(peak), are considered potentially hazardous to human 
hearing (19). 

Many industrial environments contain large amounts 
of impact noise, usually caused by collision of metal 
objects. These noises have high peaks and are often rever- 
berant as well. Intense impact noises can cause acoustic 
trauma, but they are less likely than impulse noises to 
reach critical levels. 

The levels at which continuous noise and tones (in 
contrast to impulses and impacts) cause acoustic trauma 
are not well defined. The earliest cordless telephones 
rang through the earpiece; if the person answering the 
phone failed to switch manually from “ring” to “talk” 
mode, the phone would ring directly into the ear with 
a 750- to 800-Hz tone at about 140 dB SPL. Dozens of 
cases of permanent hearing loss occurred from single- 
ring exposures, each probably less than 1 second in 
duration. At the other extreme, single 4-hour exposures 
below 110 dBA probably pose negligible risk of acoustic 
trauma (20). 


Interactions 


Aging 

The nature of the interaction between NIPTS and 
age-related hearing changes has been the subject of 
considerable debate. Epidemiologic studies, such as those 
illustrated in Figure 157.2, usually assume additivity; that 
is, the net hearing loss is the decibel sum of the thresh- 
old shifts from aging and from noise. When this question 
has been addressed explicitly, the bulk of evidence favors 
simple additivity. For example, Macrae (21) showed that 
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Figure 157.4 Scanning electron micrographs of cat inner hair cells that have been damaged by 
noise. (Redrawn after Liberman MC, Mulroy M. Acute and chronic effects of acoustic trauma: 
cochlear pathology and auditory nerve physiology. In: Hamernik RP, Henderson D, Salvi R, eds. New 
perspectives on noise-induced hearing loss. New York: Raven, 1982:122, with permission.) 


war veterans with NIHL developed about the expected 
amount of additional hearing loss, based on studies of age- 
related hearing loss, over the ensuing years. The American 
National Standards Institute (ANSI) supports the theory of 
additivity, with a small correction factor to be used when 
the total hearing loss exceeds 40 dB hearing loss (22). 
Recent federal audiometric surveys, like those in earlier 
decades, show that age-related hearing loss disproportion- 
ately affects higher frequencies, especially in men; varies 
markedly across individuals; and accelerates in middle age 
(23,24). 


Vibration 

Czanto and Ligia (25) are among those who have shown 
that workers who use vibrating handheld tools, such as 
pneumatic hammers, grinders, and chipping tools, and 
who develop “vibration-induced white finger” also develop 
excessive NIHL. This could mean that vibration interacts 
with noise to damage the ear or that people who are sus- 
ceptible to white finger (a peripheral vascular disorder) are 
also susceptible to NIHL. 


Drugs and Chemicals 
Humes (26) reviewed many studies and concluded that 
no substantial risk of hearing loss occurs from combining 
a noise exposure and an aminoglycoside drug when nei- 
ther is present in sufficient amount to cause hearing loss 
on its own. Naturally, one would be reluctant to combine 
ototoxic drugs (primarily aminoglycosides and platinum- 
based antineoplastics) with hazardous noise exposures, 
but, with the probable exception of the newborn nursery 
where some borderline noise levels have been recorded, 
this is not a practical problem. The ototoxic drug most 
likely to be combined with industrial noise exposure is 
aspirin, but this causes a reversible hearing loss and has 
not been shown to potentiate or interact with NIHL. 
Carbon monoxide (CO), xylene, styrene, and toluene 
have been reported to cause sensorineural hearing loss in 
rats. Workers exposed to toluene or xylene in addition to 
noise developed more hearing loss than those exposed to 
noise alone (27,28). Exposures in many of these studies 
were undocumented or were above Occupational Safety and 
Health Administration (OSHA) permissible time-weighted 
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average (TWA) exposures, raising the question of whether 
exposures below OSHA limits could cause hearing loss, 
either alone or by interacting with occupational noise. One 
study (29) showed that styrene exposure below currently 
recommended values, plus noise, was associated with more 
hearing loss than noise exposure alone. Another showed 
that mixed solvent exposures, almost all below OSHA per- 
missible levels, were associated with slightly elevated pro- 
gression of high-frequency hearing loss (30). 


Susceptibility 
Persons vary widely in the degree of TTS or PTS caused by 
noise exposures. Efforts to predict, measure, or explain these 
differences in susceptibility have generally been fruitless in 
humans. Men often display more hearing loss in noisy occu- 
pations than do women, but this may be due to different 
nonoccupational exposures (especially shooting) between 
the genders. Mice inherit susceptibility to both NIHL and 
age-related hearing loss (31,32); genetic tests (33) or tests 
of efferent function (10) may someday permit prediction of 
human susceptibility to NIHL. In most experimental ani- 
mals, there is a critical period in infancy, about the time of 
final maturation and innervation of the hair cells, in which 
susceptibility to NIHL is greater than at other times (34). 
Whether this happens in human infants is unclear. 
Otoacoustic emissions (OAEs) are predictably reduced 
or absent in NIHL. In military studies of young men with 
excellent pre-noise hearing thresholds, those with base- 
line-reduced OAE amplitudes (of unknown etiology) were 
more likely to experience substantial pure-tone thresh- 
old shifts after either continuous (35) or impulsive (36) 
noise exposure. However, changes in OAE amplitude have 
not been shown to predict—or even to correlate with— 
audiometric threshold shifts. 


Pathophysiology and Pathogenesis 


Many investigators have wondered whether there was a 
vascular component to NIHL, but evidence has been con- 
flicting. Cochlear blood flow has been shown to increase or 
decrease for long noise exposures, and it is unclear whether 
vascular disease increases susceptibility to NIHL (34). 
Behavioral hearing tests in patients with NIHL can 
demonstrate deficits in speech recognition, in frequency 
and time resolution, and in other complex auditory tests. 
However, none of these tests has shown performance defi- 
cits specific to NIHL, and none has proved more useful than 
pure-tone threshold shifts for the early detection of NIHL. 


EVALUATION AND DIAGNOSIS 


Epidemiology 


Hazardous noise exposure is common in our society; 
occupational noise and nonoccupational noise have each 
been estimated to cause 5% to 10% of the adult hearing 
loss burden in the United States (37). Table 157.1 shows 


NOISE EXPOSURE IN 19 US 
INDUSTRIES (1981)? 


Level (dBA) Workers Total (%) 
<80 6,987,000 46.88 
80-85 2,793,000 18.74 
85-90 2,244,500 15.06 
90-95 1,636,500 10.98 
95-100 815,200 5.47 
>100 427,700 2.87 


*Machinery, transportation equipment, electrical machinery, fabricated 
metals, food, apparel, primary metals, textiles, printing and publish- 
ing, utilities, lumber and wood, rubber and plastics, stone and glass, 
chemicals, paper, furniture and textiles, petroleum and coal, tobacco, 
and leather. 


the distribution of exposures in 19 industries believed 
by OSHA to contain most of the noisy workplaces in 
the United States (38): At that time, at least 5.1 million 
American industrial workers were exposed at levels exceed- 
ing 85 dBA, averaged over a workday (massive job losses 
in American manufacturing in the past two decades have 
almost certainly reduced those numbers). Sadly, no more 
recent data are available since that 1981 survey. Hazardous 
nonoccupational exposure is much more prevalent; 
the National Rifle Association estimates that 65 mil- 
lion Americans own guns (www.nraila.org, 2004), and 
many of them participate in hunting or target shooting. 
Significantly, firearms and occupational noise exposure 
often go together. The prevalence of handicapping NIHL in 
men has been estimated at 1.7% (39). 


Damage Risk Criteria 

Animal research has been essential in describing the patho- 
genesis of NIHL and some of its features; however, the 
risk of human hearing loss with various exposures can be 
estimated only from epidemiologic studies. The results of 
many such studies measuring the hearing of noise-exposed 
workers have been generally consistent; good summaries 
and professional consensus statements can be found in 
publications by ANSI (22) and OSHA (38). 

Levels below about 80 dBA pose negligible risk to 
human hearing over a working lifetime. Above 85 dBA, 
tisk grows rapidly for the high frequencies and more 
slowly for lower frequencies. Figure 157.5 shows the 
growth of NIPTS as a function of duration of employment 
for two frequencies (1 and 4 kHz) and two exposure 
levels (85 and 100 dBA) according to OSHA (38). Median 
threshold shifts are shown; half of all workers would show 
more shift, and half would show less shift than indicated. No 
curve is plotted for 1 kHz at 85 dBA because less than 1 dB 
of shift is predicted even after 40 years. Note that at 4 kHz, 
NIPTS grows rapidly over the first 10 years and then reaches 
a plateau. For 1 kHz, growth is somewhat more gradual, but 
more than 50% of NIPTS is accrued in the first 10 years. 
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Figure 157.5 Median NIPTS as a function of exposure duration 
for 4 kHz (85 and 100 dBA) and 1 kHz (100 dBA). 


Similar NIPTS curves are shown in Figure 157.6, using 
the pure-tone average (PTA) for 0.5, 1, 2, and 3 kHz 
(speech frequency average used in the American Medical 
Association [AMA] method of estimating “binaural hear- 
ing impairment” [BHI]). It is interesting to compare these 
curves with age-related permanent threshold shift (ARPTS) 
curves for men and women (Fig. 157.7), again for the 0.5, 
1, 2, and 3 kHz PTA (23,24). ARPTS is an accelerating pro- 
cess (ie., the rate of change of hearing loss increases with 
time), whereas NIPTS is a decelerating process (i.e., the rate 
of change decreases with time). This contrast can be help- 
ful in determining the relative contribution of these two 
sources of hearing loss in individual cases. 

Data like these can be used to estimate the median hear- 
ing loss for a population of workers with a given gender, 
age, duration, and level of exposure. The median expected 
hearing loss (0.5, 1, 2, and 3 kHz PTA) for 65-year-old men 
with 40 years of exposure at 90 dBA would be about 21 dB HL 
(15 dB aging plus 6 dB NIPTS), using the data from 
Figures 157.6 and 157.7. A greater loss than this prediction 
could be due to specific otologic disease, to above-average 
susceptibility to aging and/or noise, to undocumented 
noise exposure, or to a combination of factors. 
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Figure 157.6 Median NIPTS for the PTA (0.5, 1, 2, and 3 kHz) 
as a function of exposure duration, for different exposure levels 
(85 to 100 dBA). 


Chapter 157: Noise-Induced Hearing Loss 2535 


Speech Frequency Average (PTA5123) 


15 


10 


BE median (dB HL) 


20 30 40 50 60 70 80 
Age 

Figure 157.7 Median better-ear PTA hearing thresholds (0.5, 1, 
2, and 3 kHz) for American men (diamonds) and women (squares) 
of different age groups (Hoffman HJ, Dobie RA, Ko Chia-Wen, 
et al. Hearing threshold levels at age 70 (65-74 years) in the 
unscreened older adult population of the United States, 1959-1962 
and 1999-2006. Ear Hear 2012;33(3):437-440; Hoffman HJ, Dobie 
RA, Ko C-W, et al. Hearing threshold levels at age 70 (65-74 years) 
in the unscreened older adult population of the United States, 
1959-1962 and 1999-2006. Ear Hear 2012;33(3):437-440). The 
smooth curves (solid for men, dashed for women) are quadratic fits 
to the plotted data points. 


Nonoccupational Exposures 

The most important nonoccupational cause of NIHL is 
gunfire. Impulse levels from rifles and shotguns can reach 
170 dB at the shooter's ear. The left ear of a right-handed 
shooter is at greater risk because the right ear is somewhat 
protected by the head shadow. Data from the interindus- 
try noise study showed that men in non-noisy jobs who 
reported hunting and shooting sustained hearing loss that 
was the equivalent of 20 years’ occupational exposure at 
89 dBA (40). Automobile airbags also produce very high 
impulse noise levels; they save lives but may cause acoustic 
trauma (41). 

Exposures to leaf blowers, chain saws, and rock concerts 
can exceed 110 dBA. Very few people spend enough time 
in these exposures to cause NIPTS. The main exception is 
occupational exposure; thus, professional gardeners, for- 
estry workers, and rock musicians are at considerable risk. 
Nonetheless, it is not unreasonable to wear hearing protec- 
tion even for occasional exposures at such levels. Personal 
stereo systems (PSSs), including MP3 players, are capable 
of producing dangerous noise levels, but most users choose 
levels well below 90 dBA and durations below 20 hours 
per week. The most important risk of these devices is their 
use in a noisy work environment, where they can add to 
already-hazardous exposures. 

There has been considerable media speculation about 
an “epidemic of hearing loss” attributable to PSSs, but 
scientific evidence of a link is lacking. One recent paper 
(42) found that teenagers in 2005 to 2006 had higher 
rates of hearing loss (mostly “slight,” ie, 15 to 25 dB HL) 
than in 1988 to 1994 and hinted that PSSs might be to 
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blame. If PSSs had caused an increase in hearing loss, one 
would expect to see several additional features: an increase 
in audiometric notches; an increase in bilateral high-fre- 
quency, rather than unilateral and/or low-frequency losses; 
and perhaps most importantly, a correlation between 
hearing loss (especially high-frequency loss) and reported 
noise exposure. None of these were seen in the cited paper. 
Another paper comparing the same two population sur- 
veys, using different methods (43), found no overall 
increase in hearing loss or in noise notches in the 2005 to 
2006 data, but found that while the prevalence of noise 
notches had decreased in boys, it had increased in girls. 
Once again, there was no correlation between self-reported 
noise exposure, including the use of PSSs, and the risk of 
hearing loss. While extreme use of PSSs can cause hearing 
loss, it appears that this does not occur frequently enough 
to show up in population surveys. 


Diagnosis of Noise-Induced Hearing Loss 


In making a diagnosis of NIHL, the otolaryngologist should 
consider history, physical examination, audiometric find- 
ings (ideally over a period of many years), and sometimes 
the results of other tests. A history of occupational or non- 
occupational noise exposure of hazardous intensity and 
duration should be sought. Noise exposure measurements 
from the workplace, if available, are most helpful. The his- 
tory should document carefully all employment, includ- 
ing military service, which often includes noise exposure. 


TABLE 


Other etiologies of sensorineural hearing loss (heredity, 
ototoxicity, head injury, etc.) are primarily excluded by his- 
tory. Physical examination excludes external ear and mid- 
dle-ear disorders and occasionally may detect cranial nerve 
or balance abnormalities that suggest an acoustic tumor. 

The pure-tone audiogram in early cases usually shows a 
notch at 3, 4, or 6 kHz (not pathognomonic for NIHL); this 
notch is often lost over the years as loss becomes more severe 
and as aging changes are added to NIPTS. PTA asymmetries 
greater than about 15 dB suggest either another etiology 
or asymmetric exposures (44). Rifles and shotguns are the 
most common source for asymmetric NIHL. Most indoor 
factory environments are highly reverberant so that one ear 
rarely receives significantly more noise than the other. It is 
important to document whether hearing protectors have 
been used, what types were used, and when that use began. 

A series of audiograms prior to employment and at 
intervals throughout a worker's career is most helpful. As 
suggested earlier, hearing loss that accelerates in middle 
age without any increase in noise exposure probably is due 
primarily to aging rather than to noise. 

Laboratory and imaging tests are of no value in estab- 
lishing the diagnosis of NIHL but occasionally are indi- 
cated to rule out other disorders, especially acoustic tumor, 
when substantial asymmetries of hearing or other findings 
inconsistent with NIHL are present. The American College 
of Occupational and Environmental Medicine (2003) has 
recently updated its policy statement on the diagnosis of 
NIHL (excerpted in Table 157.2). 


PRINCIPAL CHARACTERISTICS OF OCCUPATIONAL 
ul-y”4) NOISE-INDUCED HEARING LOSS? 


¢ It is always sensorineural, affecting the hair cells in the inner ear. 

¢ Because most noise exposures are symmetric, the hearing loss is typically bilateral. 

© Typically, the first sign of hearing loss due to noise exposure is a “notching” of the audiogram at 
3,000, 4,000, or 6,000 Hz, with recovery at 8,000 Hz. This notching is in contrast to age-related 
loss, which also produces high-frequency hearing loss, but in a down-sloping pattern without 


recovery at 8,000 Hz. 


¢ Noise exposure alone usually does not produce a loss >75 dB in high frequencies, and 40 dB in 
lower frequencies. However, individuals with superimposed age-related losses may have HTLs in 


excess of these values. 


© The rate of hearing loss due to chronic noise exposure is greatest during the first 10-15 y of 
exposure and decreases as the hearing threshold increases. This is in contrast to age-related 


hearing loss, which accelerates over time. 


¢ Most scientific evidence indicates that previously noise-exposed ears are not more sensitive to 
future noise exposure and that hearing loss due to noise does not progress (in excess of what 
would be expected from the addition of age-related threshold shifts) once the exposure to noise 


is discontinued. 


¢ In obtaining a history of noise exposure, the clinician should keep in mind that the risk of NIHL 
is considered to rise significantly with chronic exposures above 85 dBA for an 8-h TWA. In gen- 
eral, continuous noise exposure over the years is more damaging than interrupted exposure that 


permits the ear to have a rest period. 


Occupational NIHL, as opposed to occupational acoustic trauma, is hearing loss that develops slowly 
over a long period (several years) as the result of exposure to continuous or intermittent loud noise. 
Occupational acoustic trauma is a sudden change in hearing as a result of a single exposure to a sudden 
burst of sound, such as an explosive blast. The diagnosis of NIHL is made clinically by a medical profes- 
sional and should include a study of the noise exposure history. 


Compensation 


Otolaryngologists are frequently asked to evaluate work- 
ers for state workers compensation programs and for 
federal agencies such as the Veterans Administration and 
the Department of Labor. Compensation for NIHL var- 
ies widely, as do the formulas used for assessing hearing 
handicap (45). 

Hearing handicap has been defined as a disadvan- 
tage “sufficient to affect the individual’s efficiency in 
the activities of daily living,” specifically, interference 
with speech communication (46). Whereas most of the 
acoustic power in speech is concentrated below 1,000 Hz, 
most of the information content is in the higher fre- 
quencies. The typical patient with a handicapping degree 
of NIHL or age-related hearing loss can hear speech 
without difficulty because of the low-frequency power 
in vowel sounds but has difficulty discriminating among 
consonants because they are relatively high-frequency, 
low-intensity sounds. For example, top and cop may 
sound alike. These problems ultimately can lead to 
social withdrawal and isolation, depression, and a 
general reduction of quality of life. Depression also may 
be seen with tinnitus, which commonly accompanies 
NIHL. 

In 1979, the American Academy of Otolaryngology- 
Head and Neck Surgery (AAO-HNS) revised their rec- 
ommended method for evaluation of hearing handicap, 
which was subsequently accepted by the AMA (the AMA 
now uses the term “binaural hearing impairment” instead 
of “hearing handicap”). Most states have either adopted 
this method explicitly or have left the determination of 
hearing handicap to professional judgment. The AAO- 
HNS/AMA 1979 method (47) is based on several assump- 
tions and has been validated against self-report of hearing 
difficulties in a recent large study (48): 


1. Hearing loss does not begin to be handicapping until 
the PTA at 0.5, 1, 2, and 3 kHz exceeds 25 dB HL. 

2. Handicap (as estimated by BHI) grows at the rate of 
1.5% per decibel of hearing loss beyond 25 dB. 

3. Because unilateral deafness is only a mild handicap, the 
two ears should not be equally weighted. Specifically, a 
5 to 1 weighting favoring the better ear is used. 


The monaural impairment (MI) for each ear is first calcu- 
lated from the four-frequency PTA: 


MI = 1.5 (PTA-25) [Note: if PTA < 25, MHI = 0%] 


BHI, ranging from 0% to 100%, is then calculated as a 
weighted average favoring the better ear: 


BHI = [5(MI,) + (MI, )]/6 


where MI, and MI, represent the MI scores of the better 
and worse ears. 


For example, consider a person whose thresholds are as 
follows: 
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Frequency (kHz) Right Ear (dB) Left Ear (dB) 
0.5 15 20 
1 25 40 
2 35 60 
3 45 80 


The right (better) ear PTA is (15 + 25 + 35 + 45)/4 = 30 
dB. The better ear MI score is (30 - 25) (1.5) = 7.5%. 


The left (worse) ear PTA is (20 + 40 + 60 + 80)/4=50 dB. 
The worse ear MI score is (50 - 25) (1.5) = 37.5%. 


BHI is [5(7.5) + (37.5) ]/6 =12.5%. 


Even when no other specific otologic disease is present, 
elevated thresholds in noise-exposed workers can usually 
be thought of as containing both age-related and noise- 
induced components. Age correction of audiograms is not 
appropriate for compensation assessment purposes. It is 
possible, however, to make reasonable estimates of the rel- 
ative contributions of noise and aging, or of separate peri- 
ods of noise exposure, in individual cases (20,49). 

The physician’s report of a compensation examination 
should be complete and concise and, most importantly, 
should offer clear diagnostic conclusions based on clini- 
cal and scientific evidence with some explanation of the 
reasons for those conclusions. If a particular diagnosis 
is “more probable than not” (probability > 50%), it can 
and should be stated as a “reasonable medical certainty”; 
this standard, which is typical for civil and workers’ com- 
pensation cases, differs substantially from the “beyond a 
reasonable doubt” standard used in criminal trials. The 
AAO-HNS (49) has published guidelines for physicians’ 
reports in such settings. 


MANAGEMENT 


Hearing Conservation 


Since 1970, federal law has required most employers 
to prevent exposures exceeding 90 dBA averaged over 
an 8-hour day. The detailed requirements for occupa- 
tional HCPs, however, were not published until much 
later (50). 

Many noise exposures are not steady state; the noise 
may fluctuate in intensity throughout the day. Other occu- 
pational exposures may be brief, as when a worker spends 
less than 1 hour a day in a particularly noisy part of the fac- 
tory. Considerable controversy exists about how to handle 
such exposure variations, largely because there are only 
scanty epidemiologic data relating NIPTS to brief and vary- 
ing exposures. If exposures containing equal sound energy 
were equally hazardous, one would adopt a trading rule in 
which the permissible exposure time would be cut in half 
for each 3-dB increase in exposure level (sound power, i.e., 
energy per unit time, doubles for each 3-dB increment). 
However, there is frequently a degree of intermittency in 
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PERMISSIBLE NOISE EXPOSURES 


Duration Per Day (h) Sound Level (dBA) 


8 90 
6 92 
4 95 
3 97 
2 100 
1.5 102 
1 105 
0.5 110 
0.25 115 


occupational noise exposures, thus reducing risk. For this 
reason, expert consensus led OSHA to adopt a 5-dB trading 
rule: A 4-hour exposure at 95 dBA and a 2-hour exposure at 
100 dBA are considered equally as hazardous as an 8-hour 
exposure at 90 dBA. Each of these exposures would be con- 
sidered to be 90 dBA “time-weighted average” (exposure 
level that if constant for 8 hours would be expected to pose 
the same risk of hearing loss as the briefer exposure in 
question). Time-intensity trading ends at 115 dBA: Above 
this level, OSHA permits only exposures of less than 1 sec- 
ond. This relationship between sound level and duration is 
shown in Table 157.3. 

The maximum permissible exposure (without hearing 
protection) under OSHA regulations is 90 dBA TWA, but 
HCPs must be implemented for all workers whose expo- 
sures exceed 85 dBA TWA. Impulse noise exposure is lim- 
ited to a 140-dB peak level. 

The essential elements of an HCP are as follows: 


m Noise exposure measurements 

m Engineering or administrative controls to reduce expo- 
sure 

Periodic audiometry with follow-up and referral 

Use of personal hearing protection devices (HPDs) 
Education, motivation, and counseling 

These elements should be supported by an administra- 
tive component that includes supervision, record keep- 
ing, and program evaluation. 


Measurements of noise exposure may be performed with 
sound level meters or devices called noise dosimeters, 
which attach to a worker's clothing and automatically 
compute his or her TWA exposure. Exposures that exceed 
permissible limits can be reduced by noise control or by 
reducing the time that employees spend in the noise. In 
situations in which neither engineering nor administrative 
controls can reduce exposures below 85 dBA TWA, a pro- 
gram of annual audiometry must be instituted. Although 
workplace audiometry is less reliable than clinical test- 
ing, PTA changes of 10 dB or more usually indicate real 
hearing changes (51). OSHA defines a standard threshold 


shift (STS) as a 10-dB or greater increase in threshold for 
the 2-, 3-, and 4-kHz average in either ear. Unfortunately, 
OSHA does not mandate otologic referral, even for large or 
asymmetric losses, although disorders other than NIHL are 
often found in such cases (52). Workers who demonstrate 
STS or who have exposures above 90 dBA TWA must use 
HPDs (earplugs, earmuffs). 

Although the “noise reduction ratings” on the package 
labels of HPDs are typically 20 to 30 dB or even higher, 
these numbers reflect ideal fitting in laboratory condi- 
tions. Real-world attenuation values are much lower: On 
the average, premolded earplugs offer about 10-dB attenu- 
ation of A-weighted levels, formable foam plugs about 
15 dB, and earmuffs about 20 dB. If worn only 4 hours 
out of a steady 8-hour noise exposure, no HPD can pro- 
vide more than 5 dB of effective attenuation. Recently, 
there has been great interest in electronic noise cancella- 
tion headsets, which attempt to deliver a sound wave to 
the ear that is exactly out of phase with the ambient noise. 
These devices can effectively cancel out only low-frequency 
noises (up to about 500 Hz), and they can thus be quite 
helpful in environments where the noise is predominantly 
low frequency, such as in private aviation. Unfortunately, 
the most hazardous spectral components for most occupa- 
tional and recreational noises are well above 500 Hz; thus, 
noise cancellation has been of very little value in HCPs. In 
contrast, another type of electronic HPD has proved to be 
very useful in situations where the hazardous noise is only 
intermittent (such as recreational shooting): These “level- 
dependent” HPDs have an external microphone, an inter- 
nal speaker, and circuitry that allows sounds below about 
85 dB to pass into the ear while louder sounds are blocked. 

The differences in protection afforded by various HPDs, 
when worn properly, are small compared with variations 
in protection that occur with improper or negligent use. 
Therefore, the most important factors in choosing an HPD 
are proper fit and acceptance by the worker. Counseling 
and motivation are important. Many workers fear they will 
miss important communications or warning signals with 
HPDs in place. In fact, detection of such signals is usually 
not impaired. Speech and other signals need to be at a high 
level to be heard over industrial noise anyway, and with the 
HPD in place, both signal and noise are equally reduced. 
Some workers with high-frequency hearing loss perform 
more poorly than normal-hearing persons in detecting and 
discriminating signals in noise with HPDs in place (53); 
this problem can often be ameliorated by using HPDs with 
less high-frequency attenuation, which may provide ade- 
quate protection without making high-frequency signals 
inaudible. 


Clinical Management 


Many physicians have advocated treatments, usually based 
on vasodilatation or hemorheologic effects, for acute 
acoustic trauma. Considerable recovery of hearing is part 


of the natural history of such events, however, and no 
well-controlled studies have yet demonstrated benefit for 
any treatment, except in animals (not human patients) 
given antioxidants (e.g., vitamins A, C, and E; N-acetyl 
L-cysteine), vasodilators (e.g., magnesium), or other drugs 
(e.g., furosemide) prior to or during excessive noise expo- 
sure. This continues to be an active area of research, and 
future studies may yet show that drugs, vitamins, and/or 
nutritional supplements have a role in the treatment and 
prevention of NIHL (54-56). 

Counseling to prevent further hearing loss is crucial. 
Exposed workers who are not enrolled in occupational 
HCPs need to be scheduled for periodic monitoring audi- 
ometry and should be counseled regarding the appropriate 
use of HPDs. Hearing aids are helpful when hearing loss 
becomes handicapping, but of course they do not restore 
normal hearing. 

Counseling hearing-impaired workers or their employ- 
ers regarding fitness for continued safe and productive 
employment is extremely difficult. Factors to consider 
include not only the degree of hearing loss but also 
the acoustic environment at work, the communicative 
demands of the job, and nonauditory attributes of the 
worker, such as age, experience, linguistic background, and 
cognitive status (57). 


NONAUDITORY EFFECTS 


Loud noise interferes severely with speech communication 
at about the same levels at which hazard to hearing begins. 
This information can be useful in counseling and in assess- 
ing compensation claims. If a worker states that the work- 
place is noisy enough that he or she must speak very loudly 
or shout to converse at ordinary conversational distances, 
then, even in the absence of sound level measurements, it 
can be concluded that levels are probably over 80 dBA. 

Other nonauditory effects of noise, including annoy- 
ance, sleep disturbance, and physiologic changes (in blood 
pressure, catecholamine secretion, and so on), are contro- 
versial. Certainly, annoyance and sleep disturbance may 
occur at levels far below any hazard for NIHL (58,59). 
An unwanted noise, such as a dripping faucet or a neigh- 
bor’s party, even if quite faint, can be annoying and stress- 
ful. These effects are not due to the physical properties of 
the noise (intensity, spectrum, time) but to cognitive and 
psychological factors (60). It is impossible to predict these 
types of effects with a sound level meter. It is probably safe 
to say that most experts believe that no adverse long-term 
health effects of noise exposure have been demonstrated at 
exposures below those that could cause NIHL. 


THE IMPORTANCE OF PREVENTION 


NIHL is by far the most important preventable cause 
of hearing loss in adults. Noise reduction and use of 
HPDs, in occupational HCPs mandated since 1983, have 
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already prevented many workers from suffering hearing 
impairment. Nevertheless, NIHL continues to be an 
important public health problem. Major coverage gaps 
include small employers, industries that are not currently 
subject to detailed OSHA regulations (construction, 
agriculture, oil and gas drilling), and nonoccupational 
noise exposure (especially shooting). Otolaryngologists 
can help by asking their patients about noise exposure 
and by providing hearing protection, counseling, and 
periodic audiometry for exposed patients who are not 
well covered at work. We should also educate our col- 
leagues in primary care about the roles they can play in 
prevention of NIHL. Some have advocated more strin- 
gent hearing conservation regulations, such as lowering 
the permissible exposure level or the way it is calculated. 
But in the author's opinion, adequate enforcement of 
current OSHA regulations, implementation of HCPs 
for currently uncovered entities, and effective physi- 
cian involvement would save far more hearing than any 
change in current OSHA regulations. 
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m= NIHL, although not medically or surgically treat- 
able, is the major preventable cause of hearing loss 
in the United States. 

m NIPTS grows rapidly in the high frequencies (3 to 
6 kHz) and then decelerates after about 10 years. 

m After about 10 years at constant exposure levels, 
threshold shifts at lower frequencies (especially 
2 kHz) begin to predominate. 

m Within the organ of Corti, the outer hair cells are 
most susceptible to noise-induced damage. 

m= Workplace exposures below 80 dBA pose negligible 
risk to human hearing; exposures at levels above 
85 dBA may cause significant noise-induced threshold 
shift. 

= In contrast to noise-induced loss, age-related hear- 
ing loss is an accelerating process (rate of change 
increases with time). 

m The most important nonoccupational cause of 
NIHL is gunfire. 

= Federal regulations forbid occupational exposures 
over 90 dBA TWA (8-hour equivalent) without hear- 
ing protection but require HCPs for all workers 
whose exposures exceed 85 dBA TWA. 
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= The need to shout to converse in the workplace or 
a worker's complaint of temporary fullness, tin- 
nitus, or muffled hearing after work usually indi- 
cates the presence of potentially hazardous noise 
levels. 

m= Diagnosis of NIHL should not be made on the basis 
of audiometric contour alone, but must include a 
careful history of occupational and nonoccupa- 
tional noise exposure. 
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Ototoxicity 


Kay W. Chang 


It is important for physicians to be aware of the large 
number of systemic and topical agents that can cause func- 
tional impairment and cellular damage to the inner ear. 
Ototoxicity-induced hearing loss can result in significant 
disability to the affected individual, especially young chil- 
dren who are still in the process of speech and language 
development. Ototoxic effects on the vestibular system 
can result in significant balance disorder and impair even 
simple activities of daily life. Recognizing the early signs of 
ototoxicity may allow for discontinuation or reduction of 
the offending agent, thus minimizing permanent hearing 
and balance impairment. As our knowledge of the genet- 
ics of ototoxicity improves, it may be possible to identify 
patients who are at high risk of developing ototoxicity 
prior to exposure to the drug. Furthermore, a number of 
promising otoprotective agents are emerging that may also 
diminish or completely prevent ototoxicity. 


Table 158.1 summarizes the major agents implicated 
in ototoxicity. The categories that are responsible for the 
majority of ototoxicity clinically observed in present- 
day medicine are the aminoglycosides and platinum- 
containing chemotherapy agents. 


Aminoglycosides 


Aminoglycoside antibiotics have been an important part of 
our antibacterial drug armamentarium since the discovery 
of streptomycin in 1943 by Waksman, who was awarded 
the Nobel Prize for this discovery. While they possess potent 
activity against Pseudomonas aeruginosa and most other 
aerobic gram-negative bacilli, their toxicity has resulted in 
restrained use in developed countries with the introduc- 
tion of broad-spectrum cephalosporins, carbapenems, and 
fluoroquinolones. However, since many aminoglycosides 
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are significantly cheaper than alternative drugs, amino- 
glycoside use remains relatively high in emerging coun- 
tries in East Asia and Latin America. Aminoglycosides are 
also frequently utilized in patients with cystic fibrosis. In 
the United States, eight aminoglycosides (gentamicin, 
tobramycin, amikacin, streptomycin, neomycin, kana- 
mycin, paromomycin, and spectinomycin) are approved 
by the FDA (1). Aminoglycosides ending in “mycin” are 
fermentation products or semisynthetic derivatives from 
Streptomyces, while those ending in “micin” are products of 
Micromonospora (2). Nephrotoxicity occurs in 5% to 25% 
of patients receiving aminoglycosides (2-7), while ototox- 
icity results in hearing loss in 3% to 13% (8-13), and ves- 
tibular impairment in 1% to 11% (4,9,14-17). 

It is somewhat uncommon to have both vestibular and 
cochlear symptoms in the same patient; however, either 
or both may occur with any of the aminoglycosides (17). 
Auditory symptoms of hearing loss and tinnitus are most 
prevalent with neomycin, followed in order of decreasing 
toxicity by gentamicin, tobramycin, amikacin, and netilmi- 
cin (2,9,16,18,19). Vestibular symptoms of dizziness, 
imbalance, nausea, and oscillopsia are seen most with gen- 
tamicin and tobramycin, less frequent with amikacin, and 
least frequent with netilmicin (14,16,17). Aminoglycosides 
have been found to be the most common cause of bilateral 
vestibular dysfunction (20). 


Platinum Compounds 


In 1965, Barnett Rosenberg discovered that electrolysis of 
platinum electrodes generated a soluble platinum com- 
plex that inhibited binary fission in Escherichia coli (21). 
Cisplatin was noted to be the most active platinum com- 
plex in experimental tumor systems, and since the mid- 
1970s has been one of most widely used chemotherapy 
agents. Platinum compounds are non-cell-cycle-specific 
agents that inhibit deoxyribonucleic acid (DNA) 


TABLE 
OTOTOXIC AGENTS 
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Aminoglycosides 
Gentamicin 
Tobramycin 
Neomycin 
Amikacin 
Streptomycin 
Kanamycin 
Paromomycin 
Spectinomycin 
Netilmicin 
Dihydrostreptomycin 
Cytotoxic agents 
Platinum compounds 
Cisplatin 
Carboplatin 
Oxaliplatin 
Others (nedaplatin, AMD-473, satraplatin) 
Vinca alkaloids 
Vincristine 
Vinblastine 
Vinorelbine 
Bleomycin 
Nitrogen mustard 
Loop diuretics 
Furosemide 
Ethacrynic acid 
Bumetanide 
Others (piretanide, azosemide, triflocin, indapamide) 
Macrolides 
Erythromycin 
Azithromycin 
Clarithromycin 
Ketolides (Telithromycin) 
Vancomycin 
(primarily in conjunction with aminoglycosides) 
lron-chelating agents 
DFO 
Anti-inflammatory agents 
Salicylates—ASA 
NSAIDs 
Quinine 
Heavy metals 
Mercury 
Lead 
Arsenic 
Antiseptic/disinfectant agents 
Chlorhexidine 
Alcohol 
Chloramphenicol 
Polymyxin 


replication, inducing apoptosis and/or necrosis in tumor 
cells. The mechanism of cisplatin ototoxicity is multifac- 
torial with changes noted in the stria vascularis, spiral 
ganglion cells, and outer hair cells (OHCs) (22). In con- 
trast, carboplatin appears to be preferentially toxic to the 
inner hair cells (IHCs) (23-25). 
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Cisplatin is associated with severe nausea and vomiting 
in almost all patients (26). 5-hydroxytryptamine receptor 
antagonists can dramatically reduce the severity of nausea 
and vomiting and allows cisplatin to be administered in an 
ambulatory care setting (27). Nephrotoxicity of cisplatin 
can be severe but can also be moderated with aggressive 
hydration with normal saline, together with infusion of 
hypertonic saline and mannitol-induced diuresis (28-30). 
Amifostine has also been shown to protect against cisplatin- 
induced nephrotoxicity (31) though it has not been able 
to protect against ototoxicity (32,33). Neurotoxicity of cis- 
platin includes peripheral sensory neuropathy, autonomic 
neuropathy (most commonly producing constipation), 
and ototoxicity (high-frequency hearing loss). Neuropathy 
can occur in 30% to 50% receiving high cumulative doses 
of cisplatin (34,35). Ototoxicity can occur at much lower 
doses, and has become the major dose-limiting toxicity of 
this drug, particularly in young children (36). 

The reported incidence of cisplatin ototoxicity varies 
from 9% to 91%, due to differences in chemotherapy regi- 
mens, patient populations, the definition of ototoxicity, 
and variations and inconsistencies in the assessment and 
grading of the hearing loss (37-48). The clinical presenta- 
tion of cisplatin ototoxicity includes tinnitus and a bilateral 
and usually symmetric high-frequency sensorineural hear- 
ing loss (SNHL) with a progression toward lower frequen- 
cies with cumulative doses. The hearing loss is permanent 
and usually irreversible, though occasionally recovery can 
be observed (49-52), as well as worsening of hearing loss 
following cessation of treatment (53-56). Predisposing 
risk factors include age extremes (particularly young chil- 
dren), previous or concurrent cranial irradiation, renal 
disease or insufficiency, IV bolus administration or high 
cumulative dosage of cisplatin, coadministration with ami- 
noglycosides or loop diuretics, excessive noise exposure, 
poor volume status, previous history of hearing loss, and 
concomitant use of other ototoxic chemotherapy agents 
(cytarabine, bleomycin, nitrogen mustard, vincristine, and 
vinorelbine) (57-65). 

The rate of ototoxicity when carboplatin is given alone 
with conventional dose regimens is generally reported 
in only 1% of patients. However, the incidence following 
high-dose or combination therapy with cisplatin rises to 
33% to 82% (66-70). Nedaplatin is a second-generation 
platinum compound that may be less ototoxic than cisplatin, 
but more ototoxic than carboplatin (71-73). Oxaliplatin is 
a third-generation cisplatin analogue that is not associated 
with either nephrotoxicity or ototoxicity (74-77). However, 
peripheral sensory neuropathy aggravated by exposure to 
cold is a significant dose-limiting toxicity (78). 


Vinca Alkaloids 


Vinca alkaloids are antitumor drugs derived from an alka- 
loid obtained from the periwinkle plant Vinca rosea (vincris- 
tine, vinblastine) or a semisynthetic alkaloid (venorelbine) 
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(79). Sporadic reports suggest that vinca alkaloids are asso- 
ciated with risk for ototoxicity at higher doses; however, it 
is impossible to isolate vinca alkaloids as the responsible 
agent since they are typically used with other ototoxic che- 
motherapeutic agents (e.g., cisplatin) (57,61,80-82). A rare 
otolaryngologic complication of vincristine is vocal cord 
paralysis (83). 


Loop Diuretics 


Furosemide, bumetanide, and ethacrynic acid are the 
most commonly used loop diuretics, with ethacrynic 
acid reserved for those cases allergic or refractory to 
furosemide (84). Loop diuretics are used in the treat- 
ment of congestive heart failure, renal failure, cirrhosis, 
and hypertension. They are widely used in the neonatal 
intensive care unit in the treatment of bronchopulmo- 
nary dysplasia (85). Risk factors for ototoxicity include 
renal impairment, prematurity, and associated aminogly- 
coside use (86). The mechanism of ototoxicity appears to 
be a dose-related, reversible reduction in endocochlear 
potential (87,88). 

The ototoxicity of ethacrynic acid initially was reported 
to be temporary (89-92); however, other reports docu- 
mented permanent hearing loss in patients with impaired 
renal function (93-99). The incidence of ototoxicity from 
ethacrynic acid was estimated to be 7 patients per 1,000 
treated (100). Rapid infusion (101,102) and large bolus 
dosings (103) of furosemide have been noted to cause a 
high incidence of hearing loss. While permanent hear- 
ing loss with furosemide after [V administration has been 
reported (104), most cases of furosemide ototoxicity have 
been reversible (105,106). Bumetanide is more potent 
but less ototoxic than furosemide (107-109); however, its 
higher cost appears to be a rate-limiting factor in its clini- 
cal use. 


Macrolides 


Erythromycin works by inhibiting protein synthesis in 
bacteria by reversibly binding 50S ribosomal subunits 
(110). Most reported ototoxicity has been reversible 
(111-118), though some irreversible cases have also been 
reported (119,120). Renal impairment (117,121-124), 
hepatic impairment (125), and transplant recipients 
(126,127) appear to have increased risk for ototoxicity. 
The second-generation macrolide azithromycin has been 
reported to cause reversible hearing loss in HIV patients 
(128-130) and elderly patients (131,132). There is a sin- 
gle case report of complete deafness (133) as well as a 
few of irreversible hearing loss (134,135). Clarithromycin 
likewise has been reported to sometimes result in ototox- 
icity (136-138). Telithromycin is a ketolide and repre- 
sents a newer class of macrolide antibiotic with zero cases 
of ototoxicity reported among 2,045 patients in eight 
phase III trials (139). 


Vancomycin 


Vancomycin has been primarily associated with oto- 
toxicity when given in conjunction with an aminogly- 
coside (140,141). However, in a group of patients not 
receiving any other ototoxic agents, 1/31 (3.2%) receiv- 
ing once-daily vancomycin dosing and 5/32 (15.6%) 
receiving twice-daily vancomycin dosing developed 
hearing loss (142). Age extremes may be another risk 
factor. Ototoxicity after an average of 27 days of van- 
comycin therapy was also found in 19% of patients 
older than 53 years old (143). A recent study also sug- 
gested an increased risk of vancomycin ototoxicity in 
neonates (144). 


Salicylates, Nsaids, and Quinine 


Acetylsalicylic acid (ASA), commonly known as aspirin, 
is one of the most widely used drugs. ASA ototoxicity has 
been reported to occur in 11 per 1,000 patients (100,145), 
and results in tinnitus and a reversible mild to moderate 
bilaterally symmetric hearing loss (146). Recovery usually 
occurs 24 to 72 hours after cessation of the drug (147). 
Onset of tinnitus has been often used as the earliest clini- 
cal sign of salicylate toxicity (148-150). Nonsteroidal 
anti-inflammatory drugs (NSAIDs) share similar thera- 
peutic actions and ototoxicity side effects with salicylates 
(147,151-153). 

Quinine is an antimalarial drug that has been decreas- 
ing in use due to less toxic semisynthetic derivatives; how- 
ever, it is still occasionally used for nocturnal leg cramps 
(147). Large doses of quinine produce reversible hearing 
loss and tinnitus, similar to salicylates (86,147,154,155). 
Transient vestibular effects have also been noted with qui- 
nine (156). 


lron-Chelating Agents 


Deferoxamine (DFO) is an iron-chelating agent used in the 
treatment of acute iron intoxication and chronic iron over- 
load secondary to multiple transfusions (157). Ototoxicity 
from DFO was first recognized in thalassemia major 
patients in the 1980s (158-162). Since then, a wide range 
in incidence of SNHL (12% to 56%) has been published 
(163-168). 


Heavy Metals 


Toxic levels of mercury have been reported to result in 
hearing loss (169-173). Lead toxicity has multisystemic 
toxic effects, particularly involving the peripheral and cen- 
tral nervous systems (174). Hearing loss has been dem- 
onstrated in both children (175,176) and lead-exposed 
workers (177). Experimental studies suggest that lead 
toxicity affects neural transmission in auditory pathways 
(178,179). 


TOPICAL OTOTOXICITY 


Ototopical Ear Drops 


Animal data have demonstrated that nearly all aminoglyco- 
sides used in the middle ear as topical otic preparations are 
ototoxic (180). There have been long-running discussion 
and debate whether topically applied aminoglycosides 
cause similar injury in the human inner ear (181-185). 
The round window membrane is a potential access point 
between the middle ear and the inner ear, but in humans 
is positioned in a more protected location than in animal 
models and also much thicker (186-189). Furthermore, in 
the setting of middle ear inflammation when topical drops 
are likely to be applied, the round window becomes less 
permeable (189,190). Nonetheless, use of otic drops for 
extended duration in humans has been reported to result 
in ototoxicity (186,191,192). Furthermore, gentamicin can 
be topically applied to intentionally ablate vestibular func- 
tion (193). A consensus AAO-HNS panel in 2004 found 
54 cases of gentamicin vestibular toxicity of which 24 also 
had hearing loss, and 11 cases of neomycin/polymyxin audi- 
tory toxicity of which 2 had vestibular symptoms (194), 
and made the following recommendations (195): 


1. When possible, topical antibiotic preparations free of 
potential ototoxicity should be used in preference to 
ototopical preparations that have the potential for oto- 
logic injury if the middle ear or mastoid is open. 

2. If used, potentially ototoxic antibiotic preparation 
should be used only in infected ears. Use should be dis- 
continued shortly after the infection has resolved. 

3. If potentially ototoxic antibiotic drops are prescribed 
for use in the open middle ear or mastoid, the patient/ 
parent should be warned of the risk of ototoxicity. 

4. If potentially ototoxic antibiotics are prescribed, the 
patient should be specifically instructed to call the phy- 
sician or return to his or her office if the patient devel- 
ops dizziness, vertigo, hearing loss, or tinnitus. 

5. If the tympanic membrane is known to be intact and 
the middle ear and mastoid are closed, then the use of 
potentially ototoxic preparations presents no risk of 
ototoxic injury. 


The widespread availability of nonototoxic fluoroqui- 
nolone topical agents (ofloxacin, ciprofloxacin) coupled 
with these consensus recommendations, has resulted in a 
significant decrease in the clinical use of aminoglycoside 
otic solutions. 


Other Ototoxic Topicals 


Chloramphenicol has a wide antibacterial spectrum; how- 
ever, its use in modern days has been limited due to signifi- 
cant reported ototoxicity (196,197). 

Chlorhexidine has been demonstrated to have sig- 
nificant ototoxicity in many animal models (198-202), 
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though not definitively shown in humans. Likewise, ethyl 
alcohol has also been shown to produce ototoxicity in ani- 
mals (202). Chlorhexidine and alcohol skin preparations 
have therefore been recommended to be avoided during 
ear surgery when a tympanic membrane perforation is 
present. 


GENETICS OF OTOTOXICITY 


Genetic Factors in Aminoglycoside 
Ototoxicity 


The existence of families with multiple individuals with 
aminoglycoside ototoxicity has been noted since 1957 
(203-207). Examination of inheritance patterns suggested 
a maternally transmitted mitochondrial defect as a pos- 
sible etiology (203,207). The A1555G mutation in the 
mitochondrial 12S ribosomal ribonucleic acid (rRNA) 
gene was eventually implicated as the causative factor 
since this small rRNA had been shown to bind to amino- 
glycosides and to harbor resistance mutations in yeast and 
Tetrahymena (208-211). The A1555G mutation has since 
then been found in multiple families with aminoglycoside 
ototoxicity (212-219). C1494T is a different mutation in 
the 12S rRNA that was later identified in a large Chinese 
pedigree (220). 

Due to their low cost and high availability, the use of 
aminoglycosides is widespread in China, and up to 22% 
of all deaf-mutes in one district could trace the cause to 
aminoglycoside use, 28% of them having other relatives 
with aminoglycoside ototoxicity (207). It is estimated that 
up to a third of patients with aminoglycoside ototoxicity 
in China have the A1555G mutation (221). In the United 
States, a study showed that 17% of patients with aminogly- 
coside ototoxicity demonstrated a mitochondrial suscepti- 
bility mutation (222). 

As rapid screens for multiple mitochondrial susceptibil- 
ity mutations (A1555G, C1494T, T1095C, 961delT+C(n), 
A827G) become more available (223), it may be pos- 
sible to develop aminoglycoside treatment strategies that 
prevent irreversible cochlear damage, or identify patients 
for alternative antibiotic regimens (224). A recent screen- 
ing study of 865 newborns in China identified six (0.7%) 
newborns with homoplasmic A1555G mutations that all 
passed newborn hearing screening (225). Likewise, a study 
of 8,974 Brazilian neonates found among 17 who failed 
transient-evoked otoacoustic emissions (TEOAEs), 3 indi- 
viduals with A827G mutation (226). 


Genetic Factors in Cisplatin Ototoxicity 


An increasing number of pharmacogenomic studies inves- 
tigating genetic factors in cisplatin ototoxicity have been 
performed. Because megalin is highly expressed in renal 
proximal tubular cells and marginal cells of the inner ear 
and also because it has been associated with the uptake 
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of aminoglycosides, megalin was investigated for a candi- 
date gene approach, and an association between a single 
nucleotide polymorphism rs2075252 of the megalin gene 
was found more often in those with intact hearing after 
cisplatin therapy (227). 

Functional polymorphisms in cisplatin detoxifying 
enzymes such as Glutathione-S-Transferase (GST) may 
play also a role in protection from cisplatin ototoxicity. 
The genes encoding the enzymes GSTM1, GSTT1, and 
GSTP1 are polymorphic in humans and non-functional 
variants are commonly found in Caucasians. A significant 
association between cisplatin induced hearing loss and 
expression of GSTM3 was found in 39 adults (228). In 
a larger cohort of 173 adult testicular cancer survivors, 
a GSTP1 variant was associated with protection against 
hearing (229). This GST genotype has also been shown 
to be associated with less oxaliplatin-induced neuropathy 
(230). 

The most promising study of the role of genetics in cis- 
platin toxicity involved two cohorts identified through the 
Canadian Pharmacogenomics Network for Drug Safety. 
Utilizing a gene chip comprised of variants in 220 drug 
metabolism genes, it was found that genetic variants of 
TPMT (thiopurine S-methyltransferase, odds ratio = 17) 
and COMT (catechol O-methyltransferase, odds ratio = 
5.5) were significantly associated with cisplatin-induced 
hearing loss. Furthermore, the number of risk alleles car- 
ried by an individual was inversely related to time to deaf- 
ness (i.e., those who carried at least three out of four risk 
alleles had a rapid decline in their hearing, often with their 
first dose of cisplatin). The combination of TPMT and 
COMT genotypes was able to identify cisplatin-induced 
deafness with a positive predictive value of 92.9% anda 
negative predictive value of 48.6% (231). 


OTOPROTECTIVE STRATEGIES 


Mechanisms of Ototoxicity 


There are both similarities and significant differences in 
the mechanisms by which cisplatin and aminoglycosides 
cause hearing loss and vestibular dysfunction. All ototoxic 
drugs induce dose-dependent death of cochlear hair cells. 
OHCs are more susceptible than IHCs to death caused by 
exposure to either cisplatin or aminoglycosides (232,233). 
Cochlear hair cell death becomes first evident at the base 
and progresses apically with continued exposure to the 
drug (234). Both cisplatin-induced and aminoglycoside- 
induced hair cell death are significantly inhibited by broad- 
spectrum inhibition of caspases (235-240). Cisplatin also 
induces degeneration of the stria vascularis, decreasing the 
number of marginal and intermediate cells, as well as spi- 
ral ganglion cells (241,242). 

Inner ear sensory cells reside within a blood-labyrinth 
barrier (BLB), similar to the blood-brain barrier (BBB). 
Compounds essential for cellular function are transported 


through the endothelial cells that form the BLB. Increase in 
permeability between adjacent endothelial cells in the BLB 
rapidly induces loss of the endolymphatic potential (EP) 
with consequent elevation of sensory thresholds. However, 
ototoxins, such as aminoglycosides and cisplatin, traverse 
the intact BLB by trafficking mechanisms that remain 
poorly understood. 


Antioxidants as Otoprotective Agents 


Understanding the mechanisms underlying cisplatin oto- 
toxicity has led to recognition of the role antioxidants may 
play in protecting the inner ear from ototoxicity. Cisplatin 
may permeabilize mitochondria in cochlear hair cells to 
release proapoptotic factors, or generate toxic levels of 
reactive oxygen species (ROS), each of which can initiate 
cell death mechanisms (243-246). ROS formation has 
also been implicated as a major mediator of cisplatin- 
induced hair cell death (247-252). Increased pools of ROS 
not only damage proteins and lipids but also deplete the 
cell's intrinsic antioxidant molecules (253,254). Cisplatin 
is activated by the replacement of one of its two chloride 
groups by a water molecule. This activated “mono aqua” 
cisplatin reacts preferentially with antioxidant molecules, 
particularly glutathione and metallothioneins. In can- 
cer cells with very high levels of glutathione, cisplatin 
can be effectively bound up by the glutathione, reduc- 
ing cisplatin’s chemotherapeutic efficacy in these tumors 
(255). Cisplatin-induced ototoxicity is reduced in animal 
models by a variety of antioxidants, including N-acetyl- 
cysteine (256-258), sodium thiosulfate (259-261), 
D-methionine (262,263), a-lipoic acid (264,265), tocoph- 
erol (266,267), salicylate (268), ebselen (265,269), and 
amifostine (259,270). Antioxidant protection of cisplatin- 
induced ototoxicity has not been as extensively tested in 
humans, though amifostine does not seem to be very effec- 
tive (32,33,271,272) while sodium thiosulfate has shown 
promising results (273-276). 


Transport Mechanisms 


Ototoxic drugs are able to traverse the intact BLB, yet 
the trafficking mechanisms by which they cross the BLB 
remain poorly understood. A trans-strial trafficking route 
from strial capillaries to marginal cells, followed by clear- 
ance into endolymph has been proposed for aminoglyco- 
sides (277). Another possible route for traversing the BLB 
into perilymph and subsequently into endolymph may 
be via transcytosis across the epithelial perilymph/ 
endolymph barrier. For cisplatin to cross either of these 
trafficking routes, the positive EP (EP, +85 mV) must 
be overcome prior to entry of cationic cisplatin into 
endolymph, presumably by active trafficking. 

Ototoxic aminoglycosides enter hair cells via apical 
endocytosis or permeation through the stereociliary mech- 
anoelectrical transduction channels in vitro (278,279). 


The same has not been demonstrated for cisplatin. 
However, a number of active copper transport mecha- 
nisms for cellular uptake of cisplatin have been proposed. 
Transfection of human and yeast cells with the copper 
transporter-like 1 (CTR1) gene to induce protein expres- 
sion of CTR1 increased cellular uptake of cisplatin by 50% 
(280-283). Cultured cell lines with greater resistance to 
cisplatin toxicity have significantly lower expression of 
CIR1 (284,285). The copper-transporting adenosine tri- 
phosphatases 7A and 7B (ATP7A and ATP7B, respectively) 
have also been linked to cytoplasmic cisplatin sequestra- 
tion and export out of the cell (286). Increased expression 
of ATP7A or ATP7B results in increased resistance to cispla- 
tin toxicity in tumor cell lines (284,287). Following cellu- 
lar uptake, ATP7B binds to cisplatin and is transported into 
intracellular vesicles (288). 

Another transporter, OCT2, has also been associated 
with cisplatin excretion in the kidneys (288-290), and 
OCT1/2 double knockout mice are protected from cisplatin- 
induced ototoxicity (291). Although CTR-1 and OCT2 are 
present in the stria vascularis (291,292), the cellular dis- 
tribution of these transporters has yet to be reported in the 
inner ear. CTR1, ATP7A, ATP7B, and OCT2 are all highly 
expressed in the choroid plexus, part of the BBB that 
regulates ion and substrate trafficking into and out of cere- 
brospinal fluids (293-295). 

Several platinum-based derivatives (oxaliplatin, carbo- 
platin) have been developed to reduce their ototoxic and 
nephrotoxic side effects. The reduced ototoxicity is due to 
the replacement of chloride ions that are integral for DNA 
adduct formation, thus leading to reduced platinum-DNA 
adduct formation in inner ear tissues. OCT2 is reported to 
have greater specificity for oxaliplatin (296), and a greater 
understanding of how transport genes such as OCT2 and 
CTIR1 modify the uptake and trafficking of ototoxic drugs 
into the cochlear hair cells may result in future chemical 
modifications to further reduce ototoxicity (297,298). 


CLINICAL MONITORING 
OF OTOTOXICITY 


Basic audiologic assessment with pure-tone thresholds 
from 250 to 8,000 Hz remains an important part of oto- 
toxicity monitoring. The basic battery should include mea- 
surement of both air and bone conduction thresholds and 
tympanometry if any hearing loss is identified, in order to 
rule out an incidental conductive involvement. Ideally, a 
baseline assessment prior to ototoxic drug administration 
is necessary to definitively demonstrate the presence of 
ototoxicity (299). This is especially true in the elderly pop- 
ulation, where there exists a high incidence of preexisting 
high-frequency hearing loss. The pediatric oncology popu- 
lation may provide significant challenges, especially chil- 
dren developmentally younger than 3 years of age. Many of 
these young children can be quite sick and uncooperative 
to ear-specific behavioral testing (37), and the incidence of 
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middle ear dysfunction resulting in conductive overlays is 
also higher in this population. 

Ototoxic drugs have been demonstrated to preferen- 
tially affect OHCs of the basal cochlear turn (8,300,301). 
High-frequency audiometry (HFA) of frequencies above 
8,000 Hz has been shown to detect aminoglycoside- 
induced or cisplatin-induced ototoxic losses well before 
changes become evident on conventional audiometry 
(302-317). HFA has been shown to be efficacious in a 
quiet hospital room for bedside testing (318,319). High- 
frequency auditory brainstem response testing may also be 
utilized (320,321). However, HFA does require more fre- 
quent calibration and special earphones, and thus is not 
readily available at many institutions. 

Distortion product otoacoustic emissions (DPOAEs) 
(322,323) or TEOAEs (324,325) are another modality for 
detecting ototoxicity. Otoacoustic emissions (OAEs) can 
be a particularly useful complement to behavioral mea- 
sures in young children since they are objective and allow 
cross-check of behavioral responses. They may also pro- 
vide some ear-specific information when insert earphones 
or headphones are not tolerated. Recent data suggest that 
DPOAEs provide evidence of whether or not there have 
been ototoxic changes in hearing when the highest DPOAE 
frequency with a robust response is used as the indicator 
(326,327). Widely used ototoxicity grading systems incor- 
porating DPOAE and TEOAE do not currently exist and will 
need to be modified from threshold level—based systems. It 
is important to recognize that both DPOAE and TEOAE are 
exquisitely sensitive to middle ear dysfunction (328-331), 
and cannot be reliably used to determine ototoxicity with- 
out a normal tympanogram. Nonetheless, DPOAE and 
TEOAE have been found to be helpful for early detection 
of ototoxicity and can remain useful components of the 
monitoring evaluation (317,323,332-338). 

The most widely used criteria to detect ototoxic change 
are the 1994 ASHA criteria (339), while the most widely 
used criteria to report adverse events in hearing are the 
National Cancer Institute Common Terminology Criteria 
for Adverse Events, Ototoxicity Grades (340) for adults, and 
Brock’s Hearing Loss Grades in children (341). However, 
inconsistencies have been noted in these classification sys- 
tems and it has also been demonstrated that these systems 
are not sensitive to obvious clinical differences in hearing 
loss in adult patients (276), and underreport and minimize 
the clinical significance of the hearing loss in children (48). 
Newer grading systems that more accurately characterize the 
clinical and functional significance of ototoxicity as specifi- 
cally related to the need for intervention with assistive hear- 
ing devices have been proposed (37). As we enter a new age 
of otoprotective agents and strategies, coupled with greater 
understanding of genetic factors implicated within oto- 
toxicity, it becomes ever more essential to develop robust 
audiologic assessment and classification techniques in 
order to design good prospective clinical studies and report 
outcomes in an accurate fashion (342,343). 
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A large number of systemic and topical agents can 
cause functional impairment and cellular damage to 
the inner ear. 

Symptoms of ototoxicity include hearing loss 
(primarily high frequency), tinnitus, and balance 
impairment. 

The most commonly used drugs causing ototoxicity 
are the aminoglycosides and platinum-containing 
chemotherapy agents. 

Topical agents are potentially ototoxic when used 
in the ear; therefore, nonototoxic fluoroquinolones 
are recommended when there is communication 
(e.g., open perforation, patent tube) between the ear 
canal and the round window membrane. 

The A1555G mutation in mitochondrial 12S rRNA 
gene results in significantly increased susceptibility 
to aminoglycosides. 

Genetic variants of TPMT and COMT are signifi- 
cantly associated with cisplatin-induced ototoxicity. 
A number of antioxidants such as N-acetyl-cysteine 
and sodium thiosulfate have been shown to pro- 
tect against ototoxicity. These otoprotective agents 
are hypothesized to lower toxic levels of ROS thus 
diminishing cell death mechanisms. 

Modalities to monitor ototoxicity include standard 
pure-tone audiometry, HFA, and OAEs. 
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Cerebellopontine Angle 
Tumors 


Matthew L. Bush 


The cerebellopontine angle (CPA) is a complex and well- 
guarded anatomic region of the cranial base that contains 
an intricate interface of the central and peripheral nervous 
systems. Lesions occurring within this area are diverse in 
etiology and may lead to significant symptoms. The oto- 
laryngologist frequently encounters pathology of the CPA 
that may present a diagnostic and therapeutic dilemma. 
A thorough knowledge of the anatomy of the region along 
with a clear understanding of diagnostic and therapeutic 
options for tumors in this region is vital for successful 
management. A variety of lesions may occur in this loca- 
tion and the differential diagnosis is discussed. 


History 


Tumors occurring within the CPA were identified as early 
as the late 1700s (1); however, little was known about the 
anatomy of this region and even less was known about the 
physiology of the nervous system. During the 1800s, Sir 
Charles Bell, a surgeon and skilled anatomist, carefully 
documented the intricate anatomy of the brainstem and 
cranial nerves, and he is credited with publication of the 
first clinical case of a CPA tumor in 1833 (2), which was 
identified as a vestibular schwannoma. The first successful 
removal of CPA vestibular schwannoma was performed by 
Sir Charles Ballance in 1894; however, surgical interven- 
tion for CPA tumors carried a mortality rate near 80% (3). 

Significant advances in diagnostic evaluation of brain 
tumors occurred during the late 1800s and early 1900s, 
which allowed further correlation of clinical symptoms 
with specific lesions (4). Subsequently, the term cerebel- 
lopontine angle tumor was introduced in 1902 (5) to 
describe posterior fossa tumors. With the aid of radio- 
graphic imaging and astute clinical observation, Harvey 
Cushing carefully described the CPA syndrome in his 1917 
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monograph, Tumors of the Nervus Acusticus and the Syndrome 
of the Cerebellopontine Angle (G6). Furthermore, Cushing 
advocated surgical intervention for CPA tumors to prevent 
brainstem compression and death via a suboccipital cra- 
niotomy approach to facilitate subtotal tumor removal. 
Mortality rates for surgical intervention dropped below 
30%. Walter Dandy (7) advocated complete resection of 
CPA tumors through a modified suboccipital approach 
that improved exposure through resection of the lateral 
third of the cerebellum. 

The latter half of the 20th century led to further advances 
in cranial base surgery including improved imaging modal- 
ities, high-speed surgical drills, and the microscope. The 
translabyrinthine approach to the CPA, although previ- 
ously described (8,9), was popularized by William House, 
who reported improved facial nerve function, tumor expo- 
sure, and reduced morbidity and mortality. In an attempt to 
preserve hearing, House also advocated and demonstrated 
the utility of the middle fossa approach in small intracana- 
licular tumors (10,11). Although surgical approaches to the 
CPA have changed little over the past several decades, tech- 
nologic advances in microsurgery, stereotactic radiation, 
diagnostic evaluation, and perioperative care have contin- 
ued to reduce morbidity and mortality. 


Anatomy 


The CPA is a subarachnoid space filled with cerebrospinal 
fluid (CSF) and contains tortuous brainstem vessels and 
cranial nerves (Fig. 159.1). This inverted triangular-shaped 
space within the lateral posterior fossa is bound superiorly 
by the cerebellar tentorium and inferiorly by the cerebellar 
tonsil. The ipsilateral cerebellar hemisphere and the brain- 
stem form the posterior and medial borders, respectively. 
The posterior face of the petrous temporal bone, with its 
dural reflection, forms the anterior border. The CPA cistern 
is the space between the pons, medulla oblongata, and the 


cerebellum medially and the temporal bone anteriorly. 
It contains blood vessels, cranial nerves, and the cerebel- 
lum flocculus and choroid plexus, which are surrounded 
by CSE This cistern extends into the medial aspect of the 
internal auditory canal (IAC) of the petrous bone, which 
is known as the porus acusticus. Within the superior por- 
tion of the cistern, the trigeminal nerve travels from the 
lateral pons to the Meckel cave. The seventh and eighth 
cranial nerves exit the brainstem at the lateral pontomedul- 
lary junction adjacent to the foramen of Luschka and travel 
prominently within the CPA and then enter the porus 
acusticus. Inferiorly, the ninth, tenth, and eleventh cranial 
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nerves extend from the medulla across the inferior lateral 
aspect of the CPA and enter the pars nervosa of the jugular 
foramen. The basilar artery lies near the midline anterior to 
the brainstem and gives off the anterior inferior cerebellar 
artery (AICA), which takes a variable course through the 
CPA and can loop into the porus acusticus. Adjacent to 
the IAC, the AICA forms a branch, the labyrinthine artery, 
which travels laterally in the canal to supply the cochlea 
and labyrinth. 

Within the cistern, the seventh and eighth cranial nerves 
lack an epineurium and are covered by pia mater and glial 
tissue. The facial nerve lies inferior and then anterior to 
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Figure 159.1 Axial and coronal (A) and sagittal 
views (B) through the skull at the level of the [ACs 
and CPAs. V, trigeminal nerve; VII, facial nerve; VIII, 
cochleovestibular nerve; IAC, internal auditory canal. 
(C) Internal auditory canal contents. 
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Figure 159.1 (Continued) 


the vestibulocochlear nerve complex within the cistern but 
rotates 90 degrees as it travels within the IAC (Fig. 159.1C). 
Within the canal the eighth nerve divides into its main 
branches, and the superior and inferior vestibular nerves 
fill the posterior half of the canal. The cochlear nerve 
resides within the anteroinferior quadrant of the canal, 
with the facial nerve occupying the quadrant immediately 
superior to the cochlear nerve and anterior to the superior 
vestibular nerve. The lateral aspect of the IAC, known as 
the fundus, possesses bony partitions of the seventh and 
eighth cranial nerves. The vertical crest, also known as the 
Bill bar, separates the facial nerve from the superior ves- 
tibular nerve, while the transverse crest separates these two 
superiorly located nerves from the cochlear nerve and infe- 
rior vestibular nerve. 


EXTRAAXIAL LESIONS 


The differential diagnosis of CPA lesions can be catego- 
rized in multiple ways based on site of origin, imaging 
characteristics, or histopathology. Bonneville et al. (12,13) 
outlined a differential diagnosis strategy for CPA tumors 
based on site of origin. Under this classification, lesions are 
categorized as extraaxial, intraaxial, or skull base in origin. 
Extraaxial lesions are distinct from the brain parenchyma, 
displace surrounding structures, and may be neural, dural, 
vascular, inflammatory, or infectious in nature. 


Vestibular Schwannoma 


Epidemiology 

Vestibular schwannomas are encapsulated benign tumors 
that arise from the Schwann cells of the vestibular nerve. 
Historically, these tumors have been referred to as acoustic 
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neuromas; however, vestibular schwannoma represents a 
more accurate name. Vestibular schwannomas account 
for approximately 6% of all intracranial tumors and 85% 
of all CPA tumors (14). The incidence rate is variable 
globally but has been increasing over the past few decades 
and is reported to be 1.9 tumors per 100,000 people per 
year (15). 


Histopathology 

Vestibular schwannomas may occur on either the superior 
or inferior nerve; however, they more commonly originate 
from the inferior vestibular nerve (16,17). A commonly 
held misconception is that tumors most often develop at 
the glial-Schwann cell junction known as the Obersteiner- 
Redlich zone. Xenellis and Linthicum (18) point out that 
this is a much less common site of origin than laterally 
near Scarpa ganglion. Tumors typically grow slowly by 
expanding the porus and extending into the CPA (19). 
Grossly, the tumors appear yellow to gray; however, larger 
or cystic tumors may vary in appearance due to hemor- 
rhage or necrosis. Approximately 5% to 20% of vestibular 
schwannomas are cystic in nature and tend to have poorer 
outcomes for facial nerve preservation (20,21). Vestibular 
schwannomas typically slowly expand within the [AC 
where they invade the vestibular nerves and eventually 
compress the cochlear and facial nerves, as well as the laby- 
rinthine artery. Without intervention, this eventually leads 
to cochlear and vestibular dysfunction. The facial nerve is 
exceptionally resilient to dysfunction, in spite of compres- 
sion and thinning of the nerve; nevertheless, facial weak- 
ness can be present in large tumors. Extension into the CPA 
can lead to compression of the cerebellum and brainstem 
and can cause cranial neuropathy, hydrocephalus, and 
even death. 


Histologic examination of vestibular schwannomas 
reveals two discrete cell arrangements. Regions of compact 
spindle cells with bland cytoplasm and lack of nuclear 
atypia along with whorls of palisading nuclei aligned in 
rows (Verocay bodies) are referred to as Antoni type A 
arrangement. Antoni type B, however, possesses a less 
dense and more loosely arranged cellular histology. Areas 
of necrosis and fibrosis may also be seen within these 
tumors. Due to the neural crest cell origin of Schwann 
cells, schwannoma cells display strong $100 immunohis- 
tochemical staining. 


Molecular Biology 

Vestibular schwannomas most commonly occur sporadi- 
cally; however, they can also occur as part of the genetic 
syndrome, neurofibromatosis type 2 (NF2). This highly pen- 
etrant autosomal dominant disorder with variable expressiv- 
ity presents with multiple nervous system tumors. Diagnostic 
criteria have been defined for NF2 (22). The presence of 
bilateral vestibular schwannomas establishes a diagnosis 
of NF2. However, NF2 patients may also develop multiple 
spinal and cranial nerve schwannomas, meningiomas, and 
ependymomas. NE2 is caused by a germ-line mutation 
within a tumor suppressor gene, known as NF2, located on 
chromosome 22q12. This gene, identified by both Trofatter 
(23) and Rouleau (24), was found to encode a cytoskeletal 
protein known as merlin or schwannomin that modulates 
cellular adhesion, proliferation, and motility (25). A variety 
of mutations have been identified within the NF2 gene, and 
disease severity appears to be at least somewhat related to 
the type of mutation present (26), although marked pheno- 
typic variation can occurs within NF2 families. 

The absence of merlin results in alterations in cellular 
signaling and promotes cellular proliferation and tumori- 
genesis. Merlin typically interacts with tyrosine kinase 
receptors, such as the ErbB receptor family (27-31), to pre- 
vent growth; therefore, these receptors have been identified 
as potential targets for inhibition of proliferation in merlin- 
deficient vestibular schwannoma cells (32-36). Merlin also 
prevents the pro-growth effects of the AKT/PI3 kinase signal- 
ing pathway, and AKT activation has been demonstrated in 
vestibular schwannomas and may be another potential tar- 
get for vestibular schwannoma drug development (37,38). 
Vascular endothelial growth factor (VEGF) and associated 
receptors have been implicated in vestibular schwannoma 
tumorigenesis, and NF2 patients have undergone clinical 
trials to inhibit tumor growth with anti-VEGF medications 
(39-42). Although translational research has advanced our 
knowledge of the mechanisms of tumor growth and has 
provided potential treatment targets, effective medical treat- 
ments have not yet been clearly demonstrated. 


Clinical Presentation 

Vestibular schwannomas, when small or when they arise 
in the CPA rather than the confines of the IAC, may be 
asymptomatic. More are being diagnosed incidentally 
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on imaging studies performed for separate indications. 
The majority of tumors, however, present with unilateral 
auditory or vestibular dysfunction. Approximately 75% of 
patients with vestibular schwannomas experience uni- 
lateral tinnitus as an early symptom (43). This may be 
severe enough to affect quality of life (44,45). Unilateral 
hearing loss develops in approximately 95% of vestibu- 
lar schwannoma patients (46) and typically is progressive 
in nature (47-49). Only 5% of patients with vestibular 
schwannomas present with sudden sensorineural hear- 
ing loss; however, 20% to 30% of vestibular schwan- 
noma patients may experience a sudden deterioration 
in their hearing during their clinical course (50,51). This 
asymmetric hearing loss may respond to steroid treat- 
ment; however, further evaluation is indicated to rule 
out retrocochlear pathology. Vestibular schwannomas 
gradually ablate the function of the ipsilateral vestibu- 
lar system; thus patients may experience disequilibrium, 
although this is the presenting chief complaint in only 
10% of patients (52). Tumor extension into the labyrinth 
may result in episodic vertigo, similar to Meniere dis- 
ease. A family history of vestibular schwannomas or NF2 
should be determined. A thorough neurotologic exami- 
nation is warranted for any patient with suspected cranial 
base pathology and should include a microscopic oto- 
logic examination, evaluation of cranial nerve function, 
and cerebellar examination. Decreased sensation of the 
ear canal and conchal bowl is referred to as Hitselberger 
sign and is due to dysfunction of the sensory component 
of the facial nerve by an expanding vestibular schwan- 
noma. Expansion of the tumor within the CPA may lead 
to brainstem compression and cranial nerve dysfunc- 
tion and present with diplopia, facial hypesthesia, facial 
paralysis, dysphagia, hoarseness, hydrocephalus, and, 
potentially, death (45,52). 


Diagnostic Evaluation 

Audiologic Behavioral and Electrophysiologic 
Evaluation 

Audiometric evaluation of hearing loss is fundamental to 
the evaluation of patients with vestibular schwannomas 
and includes, at a minimum, pure-tone audiometry and 
word discrimination evaluation. Patients with vestibular 
schwannomas typically present with unilateral sensori- 
neural hearing loss with disproportionate asymmetric 
word recognition. Even when hearing loss is mild, vestibu- 
lar schwannoma patients typically experience a significant 
degree of word recognition dysfunction. In order to report 
outcomes consistently, auditory function should be docu- 
mented using the American Academy of Otolaryngology— 
Head and Neck Surgery classification (53). Acoustic reflex 
threshold and acoustic reflex decay have been used as a 
screening tool for retrocochlear pathology, but these tests 
are not commonly employed currently. Auditory brain- 
stem response (ABR) may be useful for electrophysio- 
logic assessment of auditory function. An interaural wave 
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V latency difference of greater than 0.2 ms, or prolonged 
interpeak latencies greater than 4.4 ms for I-V, 2.3 ms for 
I-IL, or 2.1 ms for III-V raise the suspicion of a vestibu- 
lar schwannoma. ABR usage is limited by the fact that a 
reliable waveform is absent in patients with moderately 
severe hearing loss. The sensitivity of ABR is greater than 
90% in medium and large tumors; however, the sensi- 
tivity ranges between 60% and 80% in tumors less than 
1 cm (54-56). The sensitivity of ABR has been increased to 
95% with the use of a stacked ABR technique as reported 
by Don etal. (57). 


Vestibular Assessment 

Progression of vestibular schwannomas leads to even- 
tual loss of ipsilateral vestibular function, which is most 
often accompanied by central compensation. Videonys- 
tagmography (VNG) may document the degree of central 
and peripheral vestibular dysfunction. Caloric testing is 
the most useful component of VNG testing in vestibular 
schwannoma patients, and it may identify a unilateral ves- 
tibular weakness in tumors that have affected or originate 
from the superior vestibular nerve. A small schwannoma 
of the inferior vestibular nerve may have a normal caloric 
response and VNG entirely. It has been suggested that VNG 
may add prognostic information by identifying the nerve 
of origin when a hearing preservation operation is consid- 
ered. 

Evaluation of the inferior vestibular nerve can be per- 
formed with vestibular evoked myogenic potential (VEMP) 
testing, which may further assist in determining the 
nerve of origin. A VEMP is elicited by stimulating the sac- 
cule through a high-intensity sound stimulus. Excitation 
through the vestibulospinal central tract leads to a biphasic 
reflex potential from the ipsilateral sternocleidomastoid 
muscle. Patients with inferior vestibular nerve tumor com- 
monly have an absent or reduced VEMP response when 
the caloric testing may be normal (58,59); however, VEMP 
responses may be normal in the presence of an inferior ves- 
tibular nerve tumor. It is likely that the presence of a VEMP 
response is more closely related to the size and ensuing 
neural compression of a tumor within the IAC than by the 
nerve of origin (60). 


Imaging Studies 

Advancements in radiographic imaging modalities con- 
tinue to improve the diagnosis of CPA tumors. Small 
tumors can be diagnosed with high sensitivity. Magnetic 
resonance imaging (MRI) is the gold standard in evaluation 
of patients with unilateral auditory and vestibular dysfunc- 
tion. Noncontrasted T1-weighted images typically display 
vestibular schwannomas as hyperintense relative to CSF 
and iso- to hypointense to gray matter, while T2-weighted 
images show these tumors as hypointense to CSF and iso- 
to hyperintense to gray matter. These lesions typically have 
a component filling the IAC and may extend medially 
into the CPA having an “ice cream cone” or “mushroom” 


Figure 159.2 Axial T1-weighted contrast-enhanced MRI image 
at the level of the IAC demonstrating an enhancing right ves- 
tibular schwannoma with an “ice cream cone” or “mushroom” 
appearance. 


appearance (Fig. 159.2). NF2 patients may develop large 
vestibular schwannomas that can compress the brainstem 
and cerebellum and lead to obstruction of the fourth ven- 
tricle (Fig. 159.3). Volumetric high-resolution T2 sequence 
can reveal the fluid-filled inner ear and tumor invasion into 
the labyrinth can be seen as a filling defect. T2 images can 
be useful in identifying hyperintense cystic regions within 
the tumor, while the solid portion of the tumor appears 
as a hypointense filling-defect within the CPA and/or the 
IAC. Additionally, the T2 images provide vital information 
regarding the lateral relationship of the tumor with the 
fundus of the IAC. CSF within the fundus of the IAC, adja- 
cent and lateral to the tumor, is known as a “fundal cap,” 
(Fig. 159.4) and its presence has been demonstrated to 
positively affect hearing preservation outcomes in middle 
fossa tumor resection (61). 


Figure 159.3 Axial T1-weighted contrast-enhanced MRI image 
at the level of the IAC demonstrating bilateral enhancing vestibu- 
lar schwannomas with brainstem compression. 
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Figure 159.4 T2 fast spin-echo magnetic resonance image of a 
left intracanalicular vestibular schwannoma. Note the presence of 
CSF in the fundus lateral to the tumor. 


The use of gadolinium-based contrast is standard in 
imaging of the CPA and the contrast-enhanced T1-weighted 
images of a vestibular schwannoma reveal marked tumor 
enhancement and can result in the detection of tumors as 
small as 1 to 2 mm. To reduce the expense of enhanced 
MRI some have advocated the use of noncontrast heavily 
T2-weighted fast spin echo (FSE) techniques. Comparisons 
of gadolinium-enhanced T1-weighted MRI with T2-weighted 
FSE sequences have demonstrated the reliability of T2 
FSE sequences to detect mass lesions within the IAC and 
CPA and may be used as a screening tool for patients with 
sensorineural hearing loss or for those with contraindica- 
tions to contrast administration (62,63). 

Postimaging analysis and interpretation is vital in pre- 
dicting outcomes and guiding clinical management. The 
standard documentation of tumor size is to record linear 
measurements in three dimensions; however, volumet- 
ric analysis of tumor size appears to be more sensitive in 
monitoring small changes of tumor growth over time (64). 
Prediction of hearing preservation following tumor resec- 
tion has been shown to correlate with tumor volume (65). 

Although MRI is the standard for diagnosis of vestibular 
schwannomas, patient movement causing motion artifact 
can limit the study resolution. Patients may not be able to 
tolerate the close confines of the MRI; however, mild seda- 
tives or open MRI units may improve patient compliance. 
Due to the strong magnetic field, the presence of certain 
metallic foreign bodies or implants is a contraindication of 
MRI. The safety of MRI in patients with otologic or cochlear 
implants has been debated and concern has been raised for 
implant heating, malfunction, and/or displacement. Some 
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early stapes prostheses were made with ferromagnetic mate- 
tials that would, potentially, be unsafe in an MRI. Currently, 
most stapes prostheses are considered safe for 1.5-Tesla mag- 
net of MRI (66,67). NF2 patients face bilateral hearing loss 
and may undergo placement of cochlear or auditory brain- 
stem implantation for rehabilitation; yet, they have a lifelong 
need for serial imaging. If implant magnets are removed, 
these patients can undergo MRI safely. Although not FDA 
approved, Crane et al. (68) suggest that cochlear implant 
patients can safely undergo MRI with the receiver magnet left 
in place, as long as the device is bound tightly by head wrap- 
ping prior to scanning in a low field strength magnet. 

Computed tomography (CT) scanning is not ideal for 
CPA examination but may be used in patients who can- 
not undergo MRI. One-millimeter CT scanning in both the 
axial and coronal planes provides excellent detail of the 
temporal bone and IACs. Expanding vestibular schwan- 
nomas may lead to expansion of the IAC, which may be 
demonstrated on CT. The soft tissue resolution of CT scan, 
even with contrast administration, is inferior to MRI and 
tumors less than 1 cm can be missed on CT (69). Tumors 
that cause erosion of the otic capsule or large tumors that 
extend into the CPA and compress the brainstem are read- 
ily visible on CT. Historically, air-contrast was adminis- 
tered through a lumbar puncture to increase the sensitivity 
of CT to localize intracanalicular tumors. 


Treatment Options 

When considering treatment options for patients with 
vestibular schwannomas, the utmost priority is preserva- 
tion of the patient's life, which is then followed in prior- 
ity by preservation of brainstem and facial nerve function. 
Hearing preservation is an important objective; however, 
patients may be rehabilitated following the loss of hearing 
with contralateral routing of signals (CROS) type of hear- 
ing aids or bone-anchored devices. 

Patients with vestibular schwannomas are faced with 
three primary treatment options: observation with serial 
imaging, stereotactic radiation, and microsurgical excision. 
Factors that affect treatment decision include patient pref- 
erence, patient age/medical health, tumor size and loca- 
tion, auditory and vestibular function on the tumor and 
contralateral side, and tumor progression. The skill and 
experience of the treating team should also be considered. 
Because of the dearth of high-quality outcomes studies, 
patients must choose from these several options when 
deciding on how to manage their tumor. 


Observation 

Because vestibular schwannomas are most often slow- 
growing tumors, observation with serial imaging is rec- 
ommended in 25% to 30% of our patients. At the time of 
diagnosis, the rate of tumor growth is unknown and some- 
what unpredictable. Rates of tumor growth range widely in 
the literature, but meta-analyses indicate that at least 50% 
of vestibular schwannomas exhibit growth and growth 
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ranges from 0.25 to 3.2 mm/y (70-72). In our patients, 
66% demonstrated volumetric growth over an average fol- 
low-up of 3 years. Interestingly, NF2-associated vestibular 
schwannomas had an independent protective effect against 
deterioration of the pure tone average (73). NF2-associated 
vestibular schwannomas have been shown to exhibit a 
growth rate of 1.3 mm/y (74). Identification of predictors 
of tumor growth has been limited; however, patients that 
are younger, experience tinnitus initially, have large tumors 
at the time of presentation, have cystic tumors, or experi- 
ence significant growth during the first year after diagnosis 
are more likely to have persistent tumor growth (75-77). 
If observation of the vestibular schwannoma is selected as 
the clinical path, the first follow-up MRI is recommended 
at 6 months and yearly thereafter if no growth is detected 
with volumetric measurements. Tumors may exhibit signif- 
icant variability in growth and may experience precipitous 
increases in size with significant morbidity and even mor- 
tality (78,79); therefore, observation carries inherent risk. 
Observation may allow enough time to determine the 
tumor growth characteristics, and if no growth is dem- 
onstrated, then no treatment may ever be necessary. If 
symptoms change or tumor growth is seen, then patients 
may undergo intervention when appropriate. If hearing 
is present at the time of tumor discovery, the most likely 
complication of observation is a decline in auditory func- 
tion during the observation period. The opportunity for 
hearing-preservation approach may be lost. Observation is 
a reasonable option for patients who do not have signifi- 
cant brainstem compression or when the tumor affects an 
only-hearing ear. We are inclined to recommend observa- 
tion when the patient is over 65 years of age, or if they are 
in poor medical health. Patients’ preference certainly plays 
a role. In spite of the unpredictability of tumor and associ- 
ated symptoms, observation may afford years of residual 
auditory function without the risk of radiation or surgery. 


Stereotactic Radiation 

Pioneered by the Swedish neurosurgeon, Lars Leksell, in 
the 1950s, stereotactic radiation therapy has become a 
vital tool in the management of a wide variety of intra- 
cranial pathology. Intracranial stereotactic radiation ther- 
apy involves the administration of radiation to a precise 
location so as to induce radiation damage to the target 
area and minimize the effect to the adjacent structures. 
Current modalities for radiation for vestibular schwan- 
noma include single fraction gamma radiation therapy 
from an active cobalt-60 source (Gamma Knife), fraction- 
ated radiation, hypofractionated linear accelerator photon 
radiation therapy (XKnife, CyberKnife, Trilogy, Novalis, 
and SyngergyS), and proton beam. The term “radiosur- 
gery” is commonly employed to describe the precision of 
such radiation; however, it is a misnomer since it involves 
no surgery and the radiation is delivered to a closed intra- 
cranial lesion. Vestibular schwannomas are treated with a 
highly conformal prescribed dose of radiation under the 


direct supervision of a radiation treatment team, which 
typically consists of a surgeon (neurosurgeon or neurotol- 
ogist), a radiation oncologist, and a physicist. 

The goals of stereotactic radiation therapy are to provide 
the lowest effective dose of radiation that induces long- 
term tumor growth control without subjecting patients to 
the risk of surgical intervention and to prevent acute loss of 
neurologic function. The technique for stereotactic radio- 
therapy varies depending on the modality used. For gamma 
knife, patients undergo head frame placement with pretreat- 
ment MRI and/or CT imaging, which are then uploaded to 
the radiation dose-planning computer where the images 
can be examined for inaccuracies and appearance of the 
pathology. Both CT and MRI studies can be fused to accen- 
tuate the lesion and the surrounding structures. The mar- 
gins of the tumor are outlined and then the treatment team 
proceeds with dose planning to contour the treatment 
dose to the tumor with a sharp radiation dose drop-off at 
the margins of the tumor (Fig. 159.5). Once all members 
of the team confirm the treatment plan and dose, patients 
are placed in the treatment suite and the head frame is 
immobilized on the table and advanced into the unit for 
treatment. The gamma knife dose used to treat vestibular 
schwannomas is, generally, between 12 and 13 Gray (Gy) 
to 50% isodose line at the periphery of the tumor to maxi- 
mize tumor effect and minimize complications (80-82). 
The computer software calculates the time and exact posi- 
tioning of the patient within the unit to achieve the treat- 
ment dose. Linear accelerators differ, in that patients do 
not require head frame placement or rigid fixation and 
they are fitted with a mask that provides immobilization. 
A series of real-time radiographic images are obtained dur- 
ing treatment to confirm correct positioning and to pro- 
vide guidance during the treatment. CyberKnife treatment 
doses vary significantly but, typically, a total of 18 Gy is 
delivered over three fractions and has been reported to be 
safe and effective (83). Following stereotactic radiotherapy, 


Figure 159.5 Axial T1-weighted contrast-enhanced MRI image 
at the level of the IAC demonstrating an enhancing right vestibular 


schwannoma with a conformal stereotaction radiation treatment 
dose plan outline. 


the head frame is removed, patients are observed for a 
few hours and then they are discharged home. Serial MRI 
images are obtained over the patient’s lifespan to monitor 
for persistent tumor growth. 

Outcomes for tumor growth control and neurologic 
preservation vary greatly in the literature and lack uniform 
reporting (84). Additionally, many vestibular schwanno- 
mas do not grow over the course of time, which makes 
the assessment of the true efficacy of treatment difficult to 
determine. Nevertheless, patients who have had stereotactic 
radiotherapy have reported growth control rates of 90% to 
100% (85-102) for gamma knife and 98% for CyberKnife 
(83). NF2 patients treated with gamma knife have reported 
actuarial tumor control rates of 71% to 85%, within declin- 
ing rates with longer follow-up (103-105), while data on 
CyberKnife treatment of NF2 patients is limited, but has 
been reported to have over 90% tumor control rate in a 
small group of patients with short follow-up (less than 
25 months) (106). 

Stereotactic radiotherapy is an attractive option for 
many patients and has the benefit of no hospitalization 
and the rapid return to normal activity and work almost 
immediately after treatment. This treatment is indi- 
cated for those who have demonstrated tumor growth, 
are elderly, or have medical contraindications to micro- 
surgery. Radiation lacks the microsurgical risks of infec- 
tion and CSF leak. A wide variety of protocols have been 
reported that generally recommend treatment of tumors 
that measure less than 2.5 to 3 cm. Stereotactic radiation 
also is a valuable tool to treat tumor recurrence following 
microsurgery (107). Patients who have radiation treatment 
of their vestibular schwannoma rarely experience com- 
plete resolution to the mass; therefore, they are faced with 
a need for prolonged surveillance with repeat MRI during 
the course of their life. 

Preservation of neurologic function is a primary goal 
of stereotactic radiotherapy; however, the development 
of adverse side effects is directly related to radiation dose. 
Complications of stereotactic radiotherapy are similar to 
microsurgical resection. Hearing loss may occur acutely 
following radiation, but, typically, hearing loss occurs 
gradually months to years later. Hearing preservation 
outcome reporting lacks uniformity (84); but is reported 
to range from 50% to 86% (108,109). This hearing loss 
has been linked to radiation of the cochlea and main- 
taining a cochlear dose less than 6.9 Gy is important in 
preserving residual hearing (110,111). The actuarial service- 
able hearing preservation rates of NF2 patients has been 
reported at 73%, 59%, and 48% for 1, 2, and 5 years, 
respectively (105). 

Facial and trigeminal cranial neuropathies due to 
radiation treatment are similar in incidence and are 
reported around 0% to 5% in sporadic vestibular 
schwannomas and 8% in NE2 patients; however, these 
rates increase with doses greater than 13 Gy (112,113). 
Hemifacial spasm may also occur in 2% to 4% and 
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may be related to a delayed insult to the facial nerve 
(114,115). Hydrocephalus without evidence of tumor 
growth may occur in up to 5% of patients and is more 
common in patients with larger tumors that are treated 
with radiotherapy and may be related to proteinaceous 
debris obstruction of CSF flow (116,117). Chronic ves- 
tibular dysfunction may be present in 13% to 26% of 
patients following stereotactic radiotherapy (114,118). 
Radiation has been reported to cause fibrosis of the facial 
nerve leading to poorer facial nerve outcomes if micro- 
surgical resection is necessary following radiotherapy 
(119,120). Others, however, have reported no significant 
changes in facial nerve histology or functional outcomes 
(121). Malignant transformation and delayed oncogene- 
sis, which is uniformly lethal, has been documented with 
stereotactic intracranial radiotherapy, and treatment with 
radiotherapy carries a 1:1,000 risk over a 5- to 30-year 
period (122-131). 

Stereotactic radiotherapy remains a viable treatment 
option for patients with vestibular schwannoma. Irregu- 
larities in reporting outcomes have made it difficult to 
fully compare radiotherapy with microsurgical interven- 
tion. The long-term effect of radiation on tumor control 
and neurologic functions is not fully known and longitu- 
dinal follow-up will prove beneficial in informing patients 
and directing clinical management of vestibular schwan- 
nomas. 


Microsurgery 

Vestibular schwannomas have traditionally been treated 
with surgical management. Advances in microsurgical 
techniques and intraoperative anesthesia and monitor- 
ing have greatly reduced the morbidity and mortality in 
cranial base surgery. Collegial interaction and collabo- 
ration between neurosurgeons and neurotologist have 
greatly improved surgical management of these tumors 
and reduced complications. The primary surgical 
approaches—translabyrinthine, middle fossa, suboccipi- 
tal (retrosigmoid), and combined—are described. Surgical 
intervention may involve complete resection, tumor deb- 
ulking, or IAC decompression. 

The surgical approach chosen to treat vestibular 
schwannomas is based on hearing function and tumor 
size and location. The surgery is performed under general 
anesthesia with neurophysiologic monitoring. In order to 
monitor the integrity of the facial nerve, long-acting para- 
lytic should be avoided and facial EMG monitoring should 
be utilized during every procedure. Auditory function may 
be monitored with ABR or compound action potentials 
and may correlate with postoperative hearing preserva- 
tion (132,133). Prophylactic doses of antibiotics along 
with one dose of intravenous dexamethasone are admin- 
istered prior to incision. Generally, the goal for surgery is 
the complete resection of the tumor while preserving facial 
nerve and auditory function if present preoperatively. 
Hearing preservation can be accomplished through either 
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the middle cranial fossa or suboccipital approaches. As a 
general guide, we base selection of a hearing preservation 
approach upon the speech discrimination being greater 
than 70% and the tumor being less than 1.5 cm in diam- 
eter. These criteria are not absolute and patients with poor 
contralateral hearing or NF2 patients may be candidates 
even with marginal hearing. The middle fossa approach 
involves a temporal craniotomy for an approach to the 
IAC superiorly. The approach can be chosen to remove 
tumors that are limited to the IAC and are less than 1.5 cm 
(Fig. 159.6); however, larger tumors that extend into the CPA 
can be accessed by ligating the superior petrosal sinus and 
dividing the tentorium. This approach has reported hearing 
preservation rates of 80% to 90% (134-136) and has the 
benefits of no intradural drilling and low postoperative head- 
ache rates. 

The suboccipital approach, historically, has been the 
primary approach to the CPA and is still the approach 
favored by many neurosurgeons. A craniotomy is per- 
formed inferior to the transverse sinus and posterior to 
the sigmoid sinus and then the cerebellum retracted to 
gain access to the posterior fossa. Because this approach 
offers wide exposure of the CPA, tumors of almost any size 
can be resected through this approach; however, access 
to the lateral aspect of the IAC is limited and may be a 
location for recurrence of tumor. Hearing preservation is 
feasible with this approach as well, but compression of 
the brainstem may obscure the root entry zone and lateral 
extension into the IAC may also complicate attempts to 
preserve the cochlear nerve. In order to preserve hearing, 
this approach is, ideally, used for tumors that are confined 
to the medial IAC and the CPA without brainstem com- 
pression (Fig. 159.7). 

At present, the translabyrinthine approach represents 
the most commonly used approach to vestibular schwan- 
nomas in the CPA because there is often significant 


Figure 159.7 Axial T1-weighted contrast-enhanced MRI image 
at the level of the IAC demonstrating an enhancing lesion at the 
right CPA suitable for a suboccipital microsurgical resection. 


hearing loss prior to tumor diagnosis, and because it gives 
superior exposure of the facial nerve and less retraction 
of the cerebellum (Fig. 159.8). This approach involves a 
wide mastoidectomy, labyrinthectomy, and removal of 
posterior fossa dura medial to the sigmoid sinus. Due 
to the labyrinthectomy, hearing preservation is not an 
option with this approach. The facial nerve is encoun- 
tered early in the dissection and this approach offers visu- 
alization of, almost, the entire course of the facial nerve. 
The exposure of the CPA is wide and cerebellar retraction 
is not necessary, with the exception of exceedingly large 
tumors. 

The combined approach typically involves a suboc- 
cipital and translabyrinthine craniotomy and is utilized to 
facilitate exposure and resection of CPA tumors that are 
greater than 4 cm (Fig. 159.9). Extension of tumor ante- 
riorly to the petroclival region may also employ the addi- 
tion of a transcochlear approach; however, the facial nerve 


Figure 159.6 Axial T1-weighted contrast enhanced MRI image 
at the level of the IAC demonstrating a small enhancing intracana- 
licular right vestibular schwannoma (arrow) suitable for a middle 
cranial fossa microsurgical resection. 


Figure 159.8 Axial T1-weighted contrast-enhanced MRI image 
at the level of the IAC demonstrating an enhancing left vestibular 
schwannoma suitable for either translabyrinthine or suboccipital 
microsurgical resection. 


Figure 159.9 Axial T1-weighted contrast-enhanced MRI image 
at the level of the IAC demonstrating a large enhancing left 
vestibular schwannoma suitable for a combined microsurgical 
resection. 


must be mobilized from the fallopian canal to facilitate 
this exposure. Hearing preservation is not feasible with 
combined approaches. The objective of this approach 
is for extensive debulking or complete resection of the 
tumor with decompression of the brainstem and the 
fourth ventricle. 

Treatment planning for NF2 patients is a complex 
algorithm due to the complicated chronic nature of the 
disease. Since these patients are faced with the threat 
of deafness along with the loss of other special senses, 
preservation of hearing is vital and involves a proactive 
approach. Bilateral tumors also place the brainstem at 
greater risk of compression. Early detection and interven- 
tion may provide long-term functional hearing. Samii et 
al. (137) reported suboccipital resections in a series of 
NF2 patients and achieved total resection in 85%, pre- 
served facial nerve anatomic integrity of 89%, and pre- 
served useful hearing in 65% of patients. Slattery et al. 
(138) prefer the middle cranial fossa approach and 
reported 48% AAO-HNS class A hearing preservation and 
grade I/II facial nerve preservation in 81% of a series of 
pediatric patients. In NF2 patients with larger tumors, 
an auditory brainstem implant can be placed at the time 
of suboccipital or translabyrinthine tumor resection and 
may be utilized at a later time if the contralateral hear- 
ing declines. If the cochlear nerve can be preserved during 
translabyrinthine resection, cochlear implantation can be 
performed at the time of resection. Hearing rehabilita- 
tion is improved in patients with cochlear implants versus 
auditory brainstem implants, and cochlear implant 
patients possess higher open- and closed-set sentence 
understanding over time (139-141). In some NF2 cases 
in which hearing is declining and resection through 
a middle fossa approach in unlikely to preserve hear- 
ing; patients may be presented with the option of bony 
decompression of the IAC through a middle fossa 
approach. This approach does not involve any tumor 
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removal but alleviates the pressure of the tumor on the 
cochlear nerve in the IAC and allows the tumor growth 
to progress superiorly into the middle fossa. This may 
prolong functional hearing in patients that face a bleak 
prognosis. Early and aggressive intervention is crucial to 
preserved function in NF2 patients. 


Middle Cranial Fossa Approach (Fig. 159.10) 

As with all cranial base cases, the bed is rotated 180 degrees 
from the anesthesia team and facial nerve monitor elec- 
trodes are placed in the orbicularis oris and orbicularis oculi, 
and the integrity of the monitor is confirmed. The middle 
cranial fossa approach involves turning the patient’s head 
toward the opposite the side of the lesion. The surgeon is 
classically seated at the head of the table with the assistant 
on the side of the lesion and the microscope base positioned 
at the opposite side of the lesion. Microscopes with a long 
suspension arm may be positioned behind the surgeon 
and brought over their head. Mannitol (0.5 to 1.0 g/kg) 
is given intravenously at the onset of the procedure and the 
CO, level is decreased to 25 to 28 mm Hg as the dura is 
approached to decrease intracranial pressure. 

Following shaving, prepping, and sterile draping of the 
preauricular region, a skin incision is created extending 
1 cm anterior to the tragus and then extending 12 cm supe- 
riorly toward the vertex of the scalp. The temporalis fas- 
cia and muscle are divided and the periosteum is widely 
elevated. The root of the zygoma is identified as a reference 
point and a craniotomy is centered on this point. A 4 cm 
by 4 cm craniotomy is outlined at this point and then car- 
ried out with an otologic drill or craniotome with footplate 
shoe. The craniotomy window extends 2 cm anterior and 
2 cm posterior to the zygomatic root and the inferior rim 
of the craniotomy should be located immediately superior 
to the zygomatic root so that the floor of the middle fossa 
will be easily visualized. Once the bone flap is freed from 
the dura it is placed on the back table and will be replaced 
at the conclusion of the case. Exposed air cells of the mas- 
toid or zygomatic roof are sealed with bone wax to prevent 
a postoperative CSF leak. 

Under microscopic visualization, the temporal dura is 
gently elevated from the floor of the middle fossa, which 
is performed in a posterior to anterior direction to pre- 
vent avulsion of the greater superficial petrosal nerve. 
The geniculate ganglion can be dehiscent on the middle 
fossa floor and care should be taken not to incur trauma 
to this area. Anteriorly, care must be taken not to lacerate 
the middle meningeal artery. A meningeal venous plexus 
is commonly encountered anteriorly, which can cause sig- 
nificant bleeding, but is usually controlled with packing. 
The medial extent of dural elevation is the superior petro- 
sal sinus. The arcuate eminence and greater petrosal nerve 
are identified. The greater petrosal nerve can be stimulated 
with the facial nerve stimulator probe with a 0.1 to 0.3 mA 
stimulus. The House-Urban middle fossa retractor is 
placed in position to gently retract the dura during the IAC 
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Figure 159.10 Middle fossa approach. A and B: A 12 cm incision is followed by a 4 x 4 cm crani- 
otomy. C: The retractor is positioned so that the structures of the temporal bone can be identified. 
With the greater superficial petrosal nerve and the arcuate eminence as guides, bone removal is be- 
gun and the IAC is identified. D: The dura then can be incised away from the facial nerve under high 
magnification. E: The internal auditory canal is identified. F: The dura is opened sharply avoiding 
the facial nerve. Fine hooks are used to separate the superior vestibular nerve from the facial nerve. 
The IAC is filled with fat. TL, temporal lobe; GSPN, greater superficial petrosal nerve; ICA, internal 
carotid artery; BB, the Bill bar; VII, facial nerve; SV, superior vestibular nerve; T, tumor; M, malleus; 
|, incus; SSC, superior semicircular canal; AE, arcuate eminence; G, geniculate ganglion; C, cochlea; 
MMA, middle meningeal artery. (Continued on next page) 


drilling and tumor resection. The location of the superior 
semicircular canal is confirmed by carefully thinning 
the bone of the arcuate eminence. The meatal plane is 
the approximate location of the IAC and is defined by the 
bisection of the angle between the superior semicircular 
canal and the greater superficial petrosal nerve. The bone 
surrounding the IAC is removed with small diamond 
burrs exposing approximately 180 degrees around the 
canal. The medial and lateral borders of dissection are the 
porus and vertical crest, respectively. Extreme care should 
be taken to avoid fenestration of the cochlea anteriorly 
and exposure of the labyrinthine section of the facial 
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Figure 159.10 (Continued) 


nerve, which rises to form the geniculate ganglion near the 
middle fossa floor surface. 

Once the dura is widely exposed, the posterior aspect 
of the dura is sharply incised and reflected anteriorly. The 
facial nerve is identified with the stimulator set on 0.05 mA. 
The facial nerve and the tumor are gently separated 
laterally and this plane of dissection is followed medi- 
ally. The tumor is dissected from the cochlear nerve in 
a medial to lateral direction to prevent avulsion of the 
cochlear nerve from the fundus. Once this plane has 
been established and the tumor is free from the cochlear 
nerve, the superior vestibular nerve and the tumor can be 
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avulsed from the fundus. The inferior vestibular nerve is 
often avulsed from the fundus as well and removed with 
the tumor. Once the intracanalicular tumor has been 
freed from the cochlear and facial nerve the medial bor- 
der is identified. The medial normal vestibular nerve is 
sharply transected. Again, the integrity of the facial nerve 
is confirmed with a 0.05 mA stimulus and the IAC is 
occluded with a plug of temporalis muscle. Fat may also 
be used to occlude the IAC and may make distinguish- 
ing recurrent tumor easier on postoperative MRI. Once 
the retractor is removed, the dura and temporal lobe are 
allowed to resume their native position. The bone plate 
is replaced and may be fixed in position with titanium 
plates and screws. The wound is closed in multiple lay- 
ers in watertight fashion, and a compression dressing is 
applied. 


Suboccipital Approach (Fig. 159.11) 

Positioning and setup for the suboccipital approach is sim- 
ilar to the other approaches, with the exception that the 
patient is placed in Mayfield pinions with the chin slightly 
tucked, the head turned laterally, and the neck slightly 
extended. Other options included the park bench posi- 
tion and the seated position. The seated position offers 
better visualization due to gravitational drainage of blood 
or fluid inferiorly; however, the risk of air embolism and 
lumbar disk rupture exists. Similar to the middle fossa 
approach, intracranial pressure is decreased with hyperven- 
tilation and intravenous mannitol. 

A curvilinear incision is created approximately four 
fingerbreadths posterior to the postauricular crease. The 
incision carried down to and through the periosteum of 
the skull. The periosteum is widely elevated and cervical 
musculature attachments to the skull base are divided with 
electrocautery. A 4 cm by 4 cm craniotomy is then created 
posterior to the occipitomastoid grove, and the bone flap 
is placed on the back table to be replaced at the conclusion 
of the case. The superior and anterior borders of the crani- 
otomy are the transverse and sigmoid sinuses, respectively. 
Inferiorly, bone removal can be extended to open the fora- 
men magnum; however, care must be taken not to injure 
the vertebral artery as it emerges laterally from foramen 
transversarium. 

A cruciate or “U”-shaped dural incision is performed 
and the dural edges are retracted with silk sutures. A non- 
adhesive protective collagen or gelatin sponge is placed on 
the lateral surface of the cerebellum to prevent desiccation. 
The cerebellum is gently retracted to allow egress of CSE 
Placement of cottonoid strips inferiorly for 10 to 15 minutes 
may wick CSF effectively if elevated intracranial pressure 
prevents cerebellar manipulation. 

Once the pressure decreases, gentle retraction of the 
cerebellum allows visualization of the CPA. Bands of 
arachnoid can be divided sharply to facilitate CPA exposure. 
A retractor is placed to allow full visualization of the poste- 
rior face of the tumor. The facial nerve monitor stimulating 


probe should be passed over the posterior face of the tumor 
to ensure that the facial nerve has not been displaced poste- 
riorly. For large tumors, the posterior tumor capsule is cau- 
terized and incised. The internal contents of the tumor are 
removed to facilitate circumferential extracapsular dissec- 
tion. The capsule is dissected free from the cerebellum and 
brainstem, and the seventh and eighth nerves are identified 
at their root entry zone. Small tumors should be dissected 
away from the facial and cochlear nerves at this point. 

Prior to removing the bone from the posterior IAC, cot- 
tonoid sponges or pledgets of Gelfoam are placed within 
the CPA to prevent bone dust dispersion. The dura over- 
lying the posterior petrous bone is removed and small 
diamond burrs are utilized to the remove the posterior lip 
of the IAC. The posterior semicircular canal and vestibule 
in the otic capsule are the lateral extent of bone removal. 
Preoperative MRI imaging can aid in measuring the lim- 
its of lateral bony dissection. Once the dura of the IAC is 
exposed, it is then sharply incised. The superior and infe- 
rior vestibular nerves along with the tumor are identified 
and retracted inferiorly to expose the facial nerve, which is 
confirmed with the facial nerve stimulator. The tumor and 
vestibular nerves are gently avulsed from the fundus and 
dissected from the facial and cochlear nerves. The preferred 
direction of dissection is from medial to lateral to avoid 
avulsion of the cochlear nerve. Final tumor resection at the 
fundus may need to be completed in a medial to lateral 
fashion. The dissection around the porus continues from 
a lateral to medial direction until joining the dissection 
plane of the CPA. The medial vestibular nerves adjacent to 
the root entry zone are sharply divided and the tumor can 
be removed. A 30-degree endoscope can be used to exam- 
ine the lateral IAC for any residual tumor. Special attention 
must be given to protect the labyrinthine artery in hearing 
preservation cases. 

Following tumor removal, the wound is irrigated and 
the sponges are removed. The edges of craniotomy are 
inspected and air cells are sealed with bone wax. The dura 
is reapproximated and closed in a watertight fashion with 
silk suture. The bone plate is replaced and can be fixed in 
position with cranioplasty low-profile titanium plates and 
screws. The muscle and skin are closed in multiple layers in 
watertight fashion and a pressure dressing may be applied. 


Translabyrinthine Approach (Fig. 159.12) 

The translabyrinthine approach is performed with the 
patient in the supine position with the head turned away 
from the operative site. The surgical assistant is opposite 
the surgeon, and the microscope base is brought in at the 
head of the table. Once the facial nerve monitor is set up, 
the postauricular region is shaved, prepped, and draped in 
the usual fashion. Additionally, the abdominal left lower 
quadrant is prepared and draped for harvest of a free 
abdominal adipose graft for closure of the cranial base 
defect. The left is typically used so as to prevent confusion 
with an appendectomy scar. 
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Figure 159.11 Retrosigmoid-suboccipital approach. A: The approach between the posterior tem- 
poral bone and cerebellum is outlined in blue. B: A 3 x 3-cm craniotomy is made with the cutting bur, 
the sigmoid sinus serving as the anterior limit and the transverse sinus as the superior limit. C: The 
cerebellum is retracted exposing the tumor and the internal auditory canal is drilled away after re- 
flecting dura off the posterior temporal bone. D: The tumor is sequentially debulked and removed. 
SS, sigmoid sinus; TC, transverse crest; C, cochlear nerve; LA, labyrinthine artery; AICA, anterior 
inferior cerebellar artery; VII, facial nerve; IX, glossopharyngeal nerve; X, vagal nerve; XI, spinal ac- 
cessory nerve; JB, jugular bulb; SCA, superior cerebellar artery; PICA, posterior inferior cerebellar 
artery; SVN, superior vestibular nerve; REZ, root entry zone. (Continued on next page) 
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Figure 159.11 (Continued) 


Approximately 2 to 4 cm from the postauricular crease, 
a C-shaped incision is performed. Dissection is per- 
formed through the dermis and the subcutaneous space 
is developed. Temporalis fascia and muscle are harvested 
and placed on the back table. A T-shaped incision is then 
performed through the musculoperiosteum at the linea 
temporalis and along the mastoid cortex. The periosteum 
is widely elevated to expose the mastoid. A complete 
mastoidectomy is carried out with wide exposure of the 
middle and posterior fossa dura and at least 1 cm extension 
posterior to the sigmoid sinus. The facial nerve is identi- 
fied by removing the bone overlying the nerve at its second 
genu in the facial recess and the distal course of the vertical 


portion of the facial nerve is identified. The surgical but- 
tress and facial recess air cells are removed and the incus is 
removed to facilitate visualization of the eustachian tube 
orifice. The dural bony plates overlying the middle and 
posterior fossa are removed along with the bone overlying 
the sigmoid sinus. Prior to opening the otic capsule, the 
patient's imaging studies and audiogram are checked again 
to confirm the correct patient and surgical site. The labyrin- 
thectomy is performed at this point by widely opening the 
semicircular canals and then extending the bony dissection 
inferiorly through the retrofacial air cells. The jugular bulb, 
which is the inferior extent of the dissection, is defined and 
bony dissection continues through the petrous bone to 
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Figure 159.12 Translabyrinthine tumor removal. A: The tumor removal is accomplished between the posterior external auditory 
canal and internal auditory canal anteriorly and the sigmoid sinus posteriorly avoiding prolonged cerebellar retraction. B: Patient 
positioning and skin incision is shown with the complete mastoidectomy then carried out. C: Labyrinthectomy with identification of 
the internal auditory canal and skeletonization. D: Dural incision of the internal auditory canal and posterior fossa. CT, chorda tym- 
pani; MFD, middle fossa dura; SSC, superior semicircular canal; LSC, lateral semicircular canal; PSC, posterior semicircular canal; 
VIL, facial nerve; TS, transverse sinus; SS, sigmoid sinus; JB, jugular bulb; PFD, posterior fossa dura; S, stapes; P, Promontory; RW, 
round window; ES, endolymphatic sac; CA, cochlear aqueduct; BB, Bill’s bar; TC, transverse crest; Co, cochlear nerve; IVN, inferior 
vestibular nerve; T, tumor; SPS, superior petrosal sinus; SVN, superior vestibular nerve; SVC, cut superior vestibular nerve; IVC, cut 
inferior vestibular nerve. (Continued on next page) 
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Figure 159.12 (Continued) 


identify the IAC. The medial portion of the cochlear aque- 
duct is identified medial to the jugular bulb and may be 
opened widely to drain CSF and decompress the dura once 
all bone drilling is complete. Removal of bone overlying 
the lateral IAC will reveal the transverse crest. The macula 
cribrosa superioris (Mike’s dot) is the landmark for the lat- 
eralmost extent of the IAC and represents the insertion of 
the superior vestibular nerve into the labyrinth. 

When 270-degree exposure around the IAC has been 
obtained, the posterior fossa dura is opened widely 


medial to the sigmoid sinus and over the posterior face 
of the IAC. Collagen or gelatin foam is then placed on 
the cerebellum to prevent desiccation. Arachnoid bands 
are sharply divided, and CSF is drained from the CPA 
to allow cerebellar relaxation. The posterior face of the 
tumor is examined and stimulated to ensure that the facial 
nerve is not aberrantly displaced posteriorly. The capsule 
of the tumor is cauterized and a window is removed. The 
central contents of the tumor are removed to facilitate 
circumferential extracapsular dissection. Once the tumor 


has been debulked internally, dissection along the cap- 
sule is performed to gently separate the tumor from the 
cerebellum and brainstem while cauterizing only the 
vessels that are intimately attached to the capsule. Care 
should be taken to not dissect blindly around the tumor 
as such a maneuver could injure the facial nerve on the 
anterior surface of the tumor. Generally, the medial 
facial nerve can be identified at the brainstem with the 
assistance of the facial nerve monitor stimulator; how- 
ever, following the facial nerve from the lateral end of 
the IAC continuously to the brainstem may be preferable 
as noted hereafter. 

Once the tumor has been adequately debulked, the fun- 
dus of the IAC is examined. The superior and inferior ves- 
tibular nerves are avulsed and gently elevated posteriorly. 
The position of the facial nerve is identified with the facial 
nerve stimulator and adhesions between the nerve and the 
tumor should be sharply divided. The cochlear nerve can 
be preserved in its native position in the setting of NF2 
where cochlear implantation may be attempted; however, 
the cochlear nerve is generally avulsed from the fundus and 
removed with the tumor as it is dissected medially. The dis- 
section between the tumor and the facial nerve continues 
to the CPA. Once the tumor is free from the facial nerve, 
the root entry zone of the eighth cranial nerve is identified, 
cauterized, and sharply divided. At this point the tumor 
can be removed from the wound. 

The closure of the translabyrinthine wound is per- 
formed meticulously to prevent postoperative CSF leak. 
The petrous bone adjacent to the IAC should be obliter- 
ated with bone wax. The middle ear is examined and the 
tensor tympani tendon is divided to allow visualization 
and access to the eustachian tube orifice, which is packed 
with muscle, bone wax, or other packing material. The 
middle ear is filled with pieces of temporalis muscle, and 
temporalis fascia is placed over the aditus ad antrum and 
the undersurface of the labyrinth, which is adjacent to the 
sinus tympani. Approximately 30 to 50 mL of abdominal 
fat is harvested and cut into strips. The strips are gently 
placed into the wound to fill the durotomy and close off 
the CSF egress. The remainder of the mastoid cavity is filled 
with the fat, and placement of a titanium mesh plate over 
the defect fixed with titanium screws holds the fat securely 
in place and prevents postoperative deformity. The perios- 
teum and skin are closed in multiple layers in a watertight 
fashion and a pressure dressing is applied. 


Combined Approach 

The combined approach involves both translabyrinthine 
and suboccipital approaches as previously described and can 
be used to resect tumors larger than 4 cm. The procedure is 
complicated by prolonged operative time and involves col- 
laboration among the surgical team. Postoperative man- 
agement may include evaluation and treatment of elevated 
intracranial pressure and hydrocephalus. Neurosurgical 
consultation is beneficial. Preoperative high-dose steroid 
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administration may help reduce edema if present. Proceeding 
directly to surgery with opening of the posterior fossa could 
lead to catastrophic brain herniation and death if the edema 
is not managed initially. 


Surgical Results 

Historically, surgery for tumors of the CPA involved high rates 
of mortality; however, this has dramatically dropped over 
the past century of cranial base surgery. The mortality rate 
for surgical excision of vestibular schwannoma has declined 
to less than 1% (142,143). Postoperative patients should 
be monitored initially in an ICU setting since emergencies 
do occur and must be dealt with promptly (Table 159.1). 
Recurrence of tumor is variable but is generally reported at 
less than 1% (144,145). Postoperative facial nerve function 
is dependent on the size of the tumor, the adherence to the 
facial nerve and the experience of the operating team (146). 
The translabyrinthine approach can preserve facial nerve 
function (House Brackmann grade I or II) in over 90% of 
patients with tumors less than 1.5 cm; however, this rate 
decreases as tumor size increases (145). The intraoperative 
facial nerve monitor findings can positively predict postop- 
erative facial nerve function. A House-Brackmann grade | or 
II postoperative facial nerve outcome can be predicted with 
98% probability when the facial nerve response is 240 mV 
or greater with a 0.05 mA or less stimulus (147). Hearing 
preservation also varies greatly and depends on the surgical 
approach and the size of the tumor. In small tumors, hear- 
ing can be preserved in 80% to 90% of cases with a middle 
cranial fossa approach. Postoperative CSF leak remains as 
one of the more common postoperative complications and 
the incidence has been reported from 1% to 10% of cases 
(148-150). Meningitis represents a serious concern in the 
postoperative period; the rate is reported between 1% and 
8% of cases (151). Headache may be a primary preopera- 
tive symptom for up to 60% of vestibular schwannoma 
patients (152). Postoperative headaches are more common 
in patients who undergo a suboccipital tumor resection 


TABLE ry EMERGENCIES 
159.1 AFTER TUMOR REMOVAL 
Emergency Management 
Intracranial Remove dressing and open wound, to allow 
hemorrhage rapid decompression of brainstem; move to 


operating room for contro! of hemorrhage. 

If unstable, emergency craniotomy to remove 
air; otherwise, discontinue lumbar drain 
and observe. 


Pneumocephalus 


Meningitis Lumbar puncture for culture and sensitiv- 
ity; appropriate antibiotics intravenously; 
surgical closure of any CSF leak. 

CSF leak Pressure dressing; if leak persists despite 


lumbar drain, surgical closure. 
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and may be present in over 30% of patients (153). The eti- 
ology of the headache is unknown, but may be related to 
dural tension and persistent inflammation following clo- 
sure. The majority of these patients experience resolution of 
their headaches over time. 


Schwannomas can develop on the fifth through the twelfth 
cranial nerves within the posterior fossa; however, they are 
far less common than vestibular schwannomas. Though 
they tend to have similar imaging characteristics to ves- 
tibular schwannomas they differ in their anatomic loca- 
tions and associated symptoms. As these tumors expand 
within the CPA they may present similarly. Nonvestibular 
schwannomas account for 2% to 3% of tumors within the 
CPA (154) and are common in NF2 patients. Trigeminal 
schwannoma is the most common of nonvestibular 
schwannomas (12) and may involve the nerve root or the 
ganglion. These tumors tend to present with ipsilateral 
facial hypesthesia in the distribution of the trigeminal 
nerve. CI imaging demonstrates an enhancing expansion 
of the Meckel cave or the foramen lacerum. MRI imaging 
reveals an enhancing lesion in an anterior—posterior ori- 
entation adjacent to the Meckel cave that may be difficult 
to distinguish from a meningioma. Lesions extending into 
the Meckel cave can be treated with radiation or they can 
be resected through the anterolateral intradural approach 
(Dolenec’s) and anterior petrosal approach (155). 

Facial schwannomas may be difficult to distinguish 
from vestibular schwannomas if they are limited to the 
IAC. Multiple segments of the nerve may be involved, 
and the CPA is involved in greater than 50% of tumors 
(154). These slow-growing tumors present with gradual 
facial nerve weakness. Imaging reveals expansion of the 
fallopian canal within the temporal bone on CT imaging. 
MRI imaging may reveal an enhancing dumbbell-shaped 
expansion of the intratemporal facial nerve as well as 
enlargement and enhancement of the middle fossa genic- 
ulate ganglion region (Fig. 159.13). Patients with House- 
Brackmann facial nerve function I to II] are managed 
initially with observation. Declining facial nerve func- 
tion may be treated surgically with decompression of the 
facial nerve via a middle fossa approach or transmastoid 
approach depending on the location of tumor expansion. 
When the facial nerve becomes nonfunctional (House- 
Brackmann IV to VI) resection of the schwannoma may 
be selected followed by a greater auricular or sural nerve 
cable graft. 

Lower cranial nerve schwannomas typically involve 
the inferior aspect of the posterior fossa; however, they 
can extend into the CPA and account for 1% of CPA 
lesions (154). The clinical symptoms are related to the 
nerve of origin but expansion of the tumor may affect 
all of the lower cranial nerves. MRI and CT imaging may 


Axial T1-weighted contrast-enhanced MRI image 
at the level of the IAC demonstrating a right facial schwannoma. 
Note the enhancing mass (arrowhead) in the lateral IAC along with 
enhancement along the labyrinthine segment (arrow) of the facial 
nerve and the geniculate ganglion. 


reveal an enhancing lesion of the CPA, but typically 
includes expansion of the jugular foramen (Fig. 159.14). 
Treatment of these lesions may involve surgical resection 
or radiation. 


Axial T1-weighted contrast-enhanced MRI image 
at the level of the jugular foramen demonstrating a right glosso- 
pharyngeal nerve schwannoma. Note the enhancing mass extend- 
ing from the pars nervosa of the jugular foramen into the lateral 
medullary cistern. 


MENINGIOMA 


Epidemiology 


Meningiomas are the most common intracranial extraaxial 
tumor and account for approximately 20% of all primary 
intracranial tumors. The majority of these tumors occur 
along the convexity of the cranial vault; however, they are 
the second most common neoplasm of the CPA and can 
lead to significant morbidity when they occur along the 
cranial base. These tumors comprise 10% to 15% of all 
CPA tumors (156) and develop from the arachnoid villi 
cap cells adjacent to dural sinuses and may have broad 
dural attachments. Meningiomas are more common in 
middle-aged women. Sex hormone receptors and metabo- 
lism may play a role in development and progression of 
these tumors (154). 


Histopathology 


The World Health Organization has classified meningiomas 
as grade I (benign) (80%), while 10% to 15% are grade II 
or atypical, and 2% to 5% are malignant or grade Ul 
(157). Multiple histologic subtypes have been described 
and grade I variants include meningothelial, fibrous, 
transitional, psammomatous, angiomatous, microcystic, 
secretory, lymphoplasmacyte-rich, and metaplastic (158). 
Classically, grade I tumors display whorls of spindle cells 
with the presence of calcified psammoma bodies. Grade II 
tumor variants display increased cellularity, atypical nuclei, 
and areas of necrosis (159). Grade III tumors are anaplas- 
tic and may have papillary or rhabdoid variants and dis- 
play high proliferation indices with brain invasion (158). 
Immunohistochemical staining is helpful in the diagnosis 
of meningiomas and common markers for these tumors 
include epithelial membrane antigen and vimentin (158). 
Additionally, an anti-phosphohistone H3 can help identify 
mitotically active areas within tumors (160). 

Sporadic meningiomas are common; however, NF2 
patients may develop multiple meningiomas that often 
lead to increased morbidity and mortality. Whether associ- 
ated with NF2 or not, these benign tumor types occur along 
the skull base and can invade the dura, dural sinuses, skull, 
orbit, soft tissue, and skin. Although they may be displaced 
by the tumor, cranial nerves are frequently enveloped by 
meningiomas, thus, complicating attempts at neurologic 
preservation. The broad dural base and infiltrative nature 
of these tumors make them difficult to completely resect 
and recurrences are common. 


Molecular Biology 


Meningiomas commonly have chromosomal deletion, 
and may involve multiple chromosomal anomalies in 
grade IJ and II tumors (161). Mutations resulting in 
deletion or inactivation of the NF2 gene are common 
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and occur in 30% to 70% of sporadic meningiomas 
(162). Additional genes are likely involved as well, such 
as NF1, PITCH, CREBBP, VHL, PTEN, and CDKN2A 
(reviewed in 163), and meningiomas have been associated 
with hereditary syndromes, including Cowden, Gorlin, 
Li-Fraumeni, Turcot, Gardener, von Hippel-Lindau, and 
multiple endocrine neoplasia type I (158). Meningioma 
development and progression has been linked to altered 
intracellular signaling involving p53, retinoblastoma pro- 
tein interactions, and tyrosine kinase receptors such as epi- 
dermal growth factor receptor and platelet derived growth 
factor receptor (164-166). 


Clinical Presentation 


Meningiomas of the cranial base and CPA present with 
symptoms dependent upon their size and _ location. 
Tumors that originate along the floor of the middle cranial 
fossa can induce facial and/or ocular pain and diplopia 
from dysfunction of the trigeminal and trochlear nerves. 
Expansion of the tumor to compress the temporal lobe can 
result in seizures and sensory/motor deficits. Tumors that 
extend more anteriorly along the petroclival region may 
involve the abducens nerve, which can also result in ocular 
symptoms. When these lesions involve the CPA and IAC, 
the symptoms mirror vestibular schwannomas and may 
make it difficult to distinguish these tumors. 

It is difficult to distinguish between vestibular schwan- 
nomas and meningiomas by audiovestibular testing. 
Imaging can often differentiate the two tumors. Extension 
of these tumors inferiorly may result in dysfunction of the 
lower cranial nerves with resulting dysphagia, dysphonia, 
shoulder weakness, and tongue hemiparalysis. Similar to 
vestibular schwannomas, meningioma growth within the 
CPA can compress the brainstem and produce hydrocepha- 
lus and, potentially, lethal brain herniation. 


Diagnostic Evaluation 


Audiologic and vestibular tests may reveal dysfunction 
of the vestibulocochlear nerve caused by meningiomas 
and may be indistinguishable from the dysfunction 
caused by vestibular schwannomas. Imaging studies are 
vital in the diagnosis of meningiomas. CT imaging of 
meningiomas may identify calcified areas and contrast 
enhancement of these tumors is heterogeneous. The bone 
adjacent to meningiomas may also be altered and have 
hyperostotic changes. Meningiomas appear isointense or 
slightly hypointense to gray matter on T1-weighted MRI 
sequences, with variable intensity on T2-weighted images 
and they display enhancement with gadolinium on 
T1-weighted images. The configuration of meningiomas 
is useful in the differential diagnosis since these tumors 
usually have a broad base of dural enhancement and form 
an obtuse angle with the underlying bone. There may 
also be extension of enhancement along the underlying 
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Figure 159.15 Axial T1-weighted contrast-enhanced MRI image 
at the level of the IAC demonstrating a right CPA meningioma with 
broad dural attachment and enhancement. 


dural surface, which is known as a dural tail (Fig. 159.15). 
Meningiomas may occur adjacent to or in the IAC-like 
vestibular schwannomas. Tumor progression may result 
in erosion of bone of the cranial base and invasion of 
tumor into neural foramina or into the middle ear. 


Treatment Options 


The management of cranial base meningiomas is complex 
and may employ multiple modalities to preserve neuro- 
logic function and tumor control. The complex anatomy 
of the cranial base complicates the intervention for these 
tumors. The risks and benefits of each treatment option 
must be analyzed in terms of the surrounding structures 
and the natural history of the meningiomas. Although 
these tumors are typically benign and slow growing, they 
can be aggressive and resilient to eradication. The primary 
treatment options are the same as vestibular schwannomas 
and include observation, radiation therapy, and microsur- 
gical resection. 

Observation with serial imaging studies and audiometry 
remains a viable option for patients, especially in those of 
advanced age or unable to undergo surgery. The natural 
history of meningioma growth over an extended period 
of observation with serial imaging demonstrated 27% of 
patients with declining cranial nerve function. At 10-year 
follow-up, only 42% had no tumor progression. Forty per- 
cent of patients within this study eventually underwent 
some form of treatment (167). 


Radiation therapy for meningiomas can be administered 
in the form of gamma photons through stereotactic radio- 
surgery, x-ray photons in fractionated radiotherapy, and 
proton beam therapy. Focused radiation techniques have 
gained popularity to concentrate discrete radiation doses 
to the tumor and minimize exposure of normal surround- 
ing structures. Radiation can be utilized as a primary treat- 
ment or as an adjuvant modality for meningiomas and is 
indicated in patients in whom surgery is not desired, is not 
deemed safe, or is unlikely to accomplish complete resec- 
tion without significant morbidity. When meningiomas 
impinge on sensitive neurovascular structures, debulk- 
ing may relieve compression and may decrease radiation 
treatment complications. Additionally, radiation therapy 
following tumor debulking can be used to improve tumor 
control (168). Tumor control of 82% to 100% for cranial 
base meningiomas after stereotactic radiation with doses 
from 12 to 17 Gy has been reported. The same studies 
noted progressive neurologic decline from 0% to 27% 
(169-173). 

Considering the aggressive nature of meningiomas, 
microsurgical resection is considered the gold standard 
of treatment when growth or progressive symptoms are 
noted. Complete resection is not always feasible but 
decompression of surrounding neurovascular  struc- 
tures may provide symptomatic relief and provide tis- 
sue for histopathologic diagnosis. The approach for 
microsurgical resection of meningiomas is based on the 
anatomic areas involved as well as the hearing status. 
Meningiomas isolated to the CPA with preserved hearing 
may be approached, as would a vestibular schwannoma. 
Considering the dural involvement of these tumors, it is 
advisable to widely excise surrounding dura to prevent 
recurrence. Patients with meningiomas who lack func- 
tional hearing are best managed with a translabyrinthine 
approach. The variable location of the facial nerve in CPA 
meningiomas makes the translabyrinthine approach, with 
its extensive facial nerve exposure, a desirable route for 
resection. The middle fossa approach is not commonly 
used to resect meningiomas; however, lesions isolated to 
the IAC with functional hearing can be approached in this 
manner. Meningiomas frequently extend anteriorly into 
the petroclival region that can be accessed through a trans- 
cochlear approach. This approach involves a translabyrin- 
thine dissection followed by posterior translocation of the 
facial nerve from the fallopian canal. Drilling continues, 
in an anteromedial direction, through the cochlea using 
caution so as to not injure the intratemporal segment of 
the carotid artery. This approach provides ample exposure 
of the clivus and the Meckel cave; however, transloca- 
tion of the facial nerve can result in its dysfunction. This 
region can also be approached via a transpetrosal middle 
fossa approach by removing intervening bone between 
the cochlear and internal carotid artery. The risk associ- 
ated with microsurgery for meningiomas is similar to 
that of vestibular schwannomas and are inherent to the 


approach being utilized. Resection of tumors in the CPA 
and petroclival region can greatly reduce the risk of neu- 
rovascular compromise and facilitate adjuvant therapy; 
however, recurrence and iatrogenic neurologic deficit 
remain concerns. In a review of 150 patients with anterior 
CPA and petroclival meningiomas treated with microsur- 
gery, 20% developed new neurologic deficits. Gross total 
resection was accomplished in 32% of patients, subtotal 
resection in 43% and partial resection in 25%. The mean 
follow up was 102 months. This review also analyzed the 
literature and reported total resection rates of 40% to 79% 
and recurrence or progression rates as 0% to 36% (174). 


EPIDERMOID AND DERMOID CYSTS 


Epidermoid cysts are congenital lesions that develop 
from sequestered ectodermal epithelial cell rests. They 
are synonymous with cholesteatoma; however, acquired 
cholesteatomas can also occur within the CPA from 
extension from the mastoid, middle ear, or petrous 
bone. This collection of squamous epithelial cells grows 
slowly by desquamation of cells and accumulation of 
keratin debris. Similar to middle ear cholesteatomas, 
they tend to erode surrounding bone and encase neu- 
rovascular structures. Epidermoids represent the third 
most common mass of the CPA, comprising approxi- 
mately 5% of all masses in the region (175). Dermoid 
cysts develop from inclusion of cutaneous ectoderm, 
like epidermoids; however, these lesions differ, in that, 
they include fat and adnexal components. Dermoid cysts 
are uncommon lesions of the CPA and more commonly 
originate from the parasellar region (176) and contain 
fat, hair, calcifications, keratin debris, and products of 
sebaceous glands (13). 

Clinically, these lesions experience extensive occult 
growth without causing dramatic symptoms until they are 
considerable in size. Symptoms are similar to other discrete 
tumors of the CPA; however, they may cause earlier facial 
neuropathy compared with lesions that only displace the 
nerve. CT imaging reveals remodeling of bone surround- 
ing these lesions (Fig. 159.16A), and may identify calcifi- 
cations in dermoid cysts. MRI is helpful in the diagnosis 
and displays epidermoid cysts as irregular nonenhancing 
lesions that are hypointense on T1-weighted images and 
hyperintense on T2-weighted images (Fig. 159.16B and C). 
The use of fluid-attenuated inversion recovery (FLAIR) 
sequences is helpful in the diagnosis, which suppresses 
of the signal intensity of CSE and epidermoid cysts 
appear as hyperintense lesions. Additionally, diffusion- 
weighted imaging, which monitors the diffusion of 
fluid-filled structures or spaces, displays epidermoid 
cysts as hyperintense lesions, unlike arachnoid cysts 
(Fig. 159.16D). Dermoid cysts have similar character- 
istics and are also nonenhancing; however, they display 
intrinsic high T1 signal intensity due to the fatty dermal 
component. 
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The primary treatment of these lesions is microsurgical 
excision through one of the approaches already described. 
Similar to this disease process in the middle ear and mas- 
toid, recurrences are common; thus, great care must be 
taken to remove all disease. The central contents of these 
cysts can easily be debulked with suction and blunt dis- 
section to facilitate circumferential dissection and resec- 
tion of the capsule. Cysts that envelop vital neurovascular 
structures can be managed with subtotal resection and 
monitored with imaging since these are slowing growing 
lesions. One recent review reported recurrence rates of 
23% for epidermoid cyst total resection and 27% for sub- 
total resections and the majority of recurrences required 
surgical intervention (177). 


ARACHNOID CYST 


Arachnoid cysts are congenital malformation of the arach- 
noid that result in a pouch of sequestered normal CSF 
fluid. The etiology of cyst formation is unknown. These 
lesions comprise less than 1% of intracranial lesions and 
approximately 10% occur in the CPA, while most occur in 
the supratentorial temporal fossa (154). These lesions are 
typically asymptomatic but can cause compression of the 
seventh and eighth cranial nerve complex. MRI character- 
istics of arachnoids cysts are a nonenhancing lesion that 
is hypointense on T1-weighted images and hyperintense 
on T2-weighted images. These cysts displace neurovascu- 
lar structures and have smooth regular borders that do 
no invade or envelope vital structures. Arachnoid cysts 
appear as a hypointense lesion on MRI FLAIR and diffu- 
sion weighted sequences. These lesions do not generally 
require intervention; however, they may be fenestrated 
via a suboccipital approach to decompress an expanding 
cyst (154). 


LIPOMA 


Lipomas of the CPA are uncommon and are due to congenital 
malformations resulting in hamartomatous collections of 
mature adipose tissue. These lesions more commonly occur 
in supratentorial locations and can be associated with cere- 
bral malformations; however, lipomas of the CPA are not 
associated with other defects (175). These lesions tend to 
envelop neurovascular structures and may adhere tightly 
to cranial nerves. These lesions tend to grow very slowly 
over time but may induce similar symptoms to other CPA 
masses, such as facial paralysis, hearing loss, and trigeminal 
neuralgia. Lipomas appear as nonenhancing lesions that are 
hyperintense on T1-weighted images and hypointense on 
fat-suppressed T2-weighted images (Fig. 159.17). The diag- 
nosis can be confirmed by performing fat suppression on 
unenhanced T1 sequences, which causes lipomas to appear 
hypointense. These lesions are typically managed with serial 
imaging; however, they may be treated with subtotal resec- 
tion in the event of neurovascular compression. 
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Radiographic appearance of recurrent acquired cholesteatoma. Axial CT of the 
temporal bone demonstrating a mastoidectomy defect with a smooth expansile mass (arrows) erod- 
ing the inner ear (A). This mass is isointense to brain and nonenhancing on axial T1-weighted con- 
trast-enhanced MRI image (B), but hyperintense on T2-weighted images (C) and diffusion-weighted 
images (D). The restricted diffusion distinguishes recurrent cholesteatoma from scar. 


Metastases 


Metastatic lesions to the CPA are uncommon and account 
for less than 1% of CPA lesions (178). These lesions may 
present as a discrete mass or as diffuse meningeal disease, 
also known as leptomeningeal carcinomatosis. The most 


common primary tumors that CPA metastases originate 
from are lung, breast, melanoma, and lymphoma (179). 
Metastases present with acute cranial neuropathies and may 
cause bilateral symptoms, mimicking NF2. A history of can- 
cer should raise suspicion of metastatic disease. Diagnosis 
can be made with CSF cytology (180,181). Metastases typi- 
cally appear as enhancing lesions on T1-weighted images and 


A 


B 


Figure 159.17 Axial T1-weighted unenhanced MRI image at the level of the IAC demonstrating a 
right CPA lipoma (A). The diagnosis is confirmed with a postcontrast fat-suppressed T1 MRI image 


as this lesion appears dark (B). 


may show irregular bony destruction on CT (Fig. 159.18). 
Melanoma, due to the paramagnetic activity of mela- 
nin, may appear with intrinsic T1 hyperintensity, without 
contrast (12). A careful systematic search for the primary 
lesion must be undertaken when the CPA lesion is the first to 
be diagnosed. Treatment of these lesions is usually dictated 
by a multidisciplinary team of oncologists and surgeons and 


Figure 159.18 Axial bone-window CT shows erosion of the right 
petrous apex from metastatic renal cell carcinoma. 


often involves multimodality treatment. Surgical interven- 
tion is typically reserved for palliation or for the purpose of 
obtaining tissue for pathologic diagnosis. 


Vascular Lesions 


Lesions of vascular origin account for approximately 3% of 
CPA and most of those are aneurysms of the vertebral arte- 
rial system, such as the AICA (182). The complex vascular 
system of the CPA can cause compression of the seventh 
to eighth cranial nerve complex when abnormal vascular 
loops or aneurysmal dilations develop. Aneurysms may 
present with subarachnoid hemorrhage and/or cranial 
neuropathy. These lesions may appear as discrete lesions of 
the CPA with flow voids and enhance with contrast admin- 
istration on MRI. These lesions may be asymptomatic and 
are typically managed with surgical clipping through a sub- 
occipital approach (183) or endovascular occlusion (184). 
Although a controversial diagnosis, ipsilateral auditory/ 
vestibular symptoms and trigeminal neuralgia have been 
linked to aberrant vascular loops and can be managed with 
surgical decompression (185). 

Hemangiomas, arteriovenous malformations (AVMs), 
and cavernomas can also develop with the CPA. Heman- 
giomas more commonly occur at the geniculate gan- 
glion and develop from vessels that accompany the facial 
nerve (186). Calcifications within these lesions may be iden- 
tified on CT and they appear as enhancing lesions with flow 
voids. An AVM is an abnormal collection of arteries and 
veins that, unlike other vascular malformations, have major 
feeding and draining vessels. These malformations may 
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result in significant hemorrhage if they rupture. These may 
appear similar to other vascular lesions; however, the gold 
standard for AVM diagnosis is cerebral angiography. These 
lesions may be observed if small and asymptomatic; how- 
ever, they can also be managed with endovascular occlusion, 
surgical resection, or stereotactic radiosurgery. Cavernomas 
are abnormal vascular lesions that contain sinusoidal 
regions of blood products contained by fragile endothelial 
walls. Unlike AVM, these lesions do not have large feeding or 
draining vessels. The clinical presentation is similar to other 
vascular lesions and appears as enhancing heterogeneous 
lesions with a “popcorn” appearance with a hypointense 
rim on T1 and T2 sequences. Treatment is typically surgical 
but is dependent on the size and clinical presentation. 


Sarcoidosis 


This systemic disease can present with central nervous sys- 
tem (CNS) manifestations. Forty percent of patients with 
sarcoidosis have leptomeningeal enhancement (175). 
Granulomas may form within the CPA and may clinically 
mimic other lesions, although, these lesions may addition- 
ally present with signs and symptoms of meningeal inflam- 
mation. Due to the diffuse nature of this disease, diagnosis 
can be difficult; however, these lesions are hyperintense on 
CI, isointense on MRI T1 sequences, hypointense on T2 
sequences, and strongly enhance with contrast administra- 
tion. Neurosarcoidosis is treated with systemic immune 
suppression. 


Tuberculosis 


This disease is known to present with diverse and obscure 
lesions and CNS tuberculosis can include abscesses, basi- 
lar meningitis, and intraaxial tuberculomas. An extraaxial 
tuberculoma can closely mimic a cranial base meningioma, 
clinically and radiographically (187). Treatment involves 
systemic antimycobacterial therapy. 


INTRAAXIAL LESIONS 


Lesions of the brainstem may present within the CPA. As 
these lesions expand, normal anatomy is distorted and the 
fluid-filled CPA is effaced, which can complicate diagnosis. 
Subtle imaging findings such as an enhancing lesion with- 
out a brain-tumor interface and with peritumoral edema 
are indicative of an intraaxial lesion (13). These lesions are 
typically managed by or in conjunction with neurosurgery 
and oncology services. 

A wide variety of neoplastic disease can develop in 
this region. Primary lymphoma may occur as an intra- 
axial and extraaxial lesion and have the same clinical and 
imaging characteristics. These lesions can appear hyperin- 
tense on CI, which enhance on contrast administration. 
They appear hypointense on T1 sequences and strongly 
enhance with gadolinium. These lesions are hypercellular 


and result in hypointensity on T2-weighted images (13). 
CNS lymphoma may be the primary presentation of pri- 
mary immunologic disease. Gliomas present with unilat- 
eral expansion of the brainstem with exophytic extension 
into the CPA; however, the imaging characteristics of 
glioma are not unique. Hemangioblastomas are benign 
lesions that are vascular in origin and develop from the 
cerebellum. Extension into the CPA by hemangioblas- 
toma may mimic vestibular schwannomas (188). Most 
commonly these lesions are sporadic, but may occur 
in association with von Hippel-Lindau disease. These 
encapsulated lesions are strongly enhancing on MRI 
and may have cystic portions that appear hyperintense 
on T2-weighted images. Intraventricular lesions, such as 
ependymoma and papilloma, can extend into the CPA 
and MRI reveals extension of these tumors from the 
fourth ventricle through the foramen of Luschka. Similar 
to the extraaxial presentation, metastatic disease can occur 
within the brainstem and have similar symptoms and are 
managed similarly. 


SKULL BASE LESIONS 


Lesions that develop from or within the temporal bone 
may extend into the CPA. Bone erosion of the petrous 
bone can be extensive and CT imaging is particularly help- 
ful in identifying extension and monitoring for recurrence 
or progression of disease. 


Paraganglioma 


Glomus tumors of the jugular foramen can extend superiorly 
into the CPA. These tumors develop from neuroendocrine 
paraganglial cells originating from neural crest cells adjacent 
to the ninth and tenth cranial nerves and are surrounded 
by a dense collection of capillaries and venules. Glomus 
jugulare tumors are frequently supplied by the ascending 
pharyngeal artery; however, that may have a variety of addi- 
tional feeding vessels. Although slowly growing and benign, 
these lesions can aggressively erode bone and invade neu- 
rovascular structures of the cranial base. Pulsatile tinnitus 
is a hallmark symptom; however, disease that extends into 
the CPA is likely to have multiple cranial neuropathies. Less 
than 4% of these tumors secrete vasoactive catecholamines 
and produce hypertension, palpitations, diaphoresis, and 
arrhythmias (189). Diagnostic evaluation should involve 
a 24-hour urine test, if a secreting tumor is suspected, to 
detect vasoactive tumor products such as vanillylmandelic 
acid and epinephrine derivatives. CT imaging can iden- 
tify irregular bony erosion of these tumors (Fig. 159.19). 
On MRI, these enhancing lesions typically demonstrate a 
“salt and pepper” pattern, which is due to flow voids within 
vessels of the tumor (Fig. 159.20). Angiography can also 
be performed to assist in diagnosis and for embolization. 
Treatment of glomus tumors is typically surgical; however, 
lesions that extend into the intracranial compartment may 


Figure 159.19 Axial temporal bone CT image at the level of 
the jugular foramen demonstrating permeative bony erosion 
(arrowheads) and loss of the caroticojugular spine caused by a glo- 
mus jugulare tumor. 


require multiple treatment modalities. Subtotal resection 
with postoperative adjuvant radiotherapy useful for exten- 
sive disease. Surgical resection requires proximal and distal 
venous control; however, profuse bleeding may occur dur- 
ing resection due to the inferior petrosal sinus. 


Figure 159.20 Axial T1-weighted contrast-enhanced MRI image at 
the level of the left jugular foramen demonstrating an enhancing glo- 
mus jugulare tumor with dark intratumoral flow voids (arrowheads). 
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terol Granuloma 


Chronic obstruction of air cells of the temporal bone 
may result in accumulation of secretions and hemor- 
rhage and form cholesterol granulomas. These lesions 
typically occur in the petrous apex and may slowly 
expand into the CPA. These lesions may cause similar 
cranial neuropathy. CT imaging reveals smooth bony 
expansion of the petrous bone, which may encroach 
on the petrous carotid artery (Fig. 159.21). The lesions 
are nonenhancing and appear as hyperintense on 
Tl sequences and hyperintense on T2 sequences 
(Fig. 159.22A and B). Observation of these lesions is 
recommended while asymptomatic; however, drainage 
of these lesions and their polychromatic “crank case 
oil” fluid can be performed through a transsphenoidal, 
middle fossa or infracochlear approach. 


ndromatous Lesions 


(a) 


Cartilaginous components of the petroclival fissure can be 
the source of chondromas and chondrosarcomas of the cra- 
nial base. These lesions originate along the parasagittal pet- 
roclival suture and can extend into the CPA. CT imaging can 
demonstrate calcifications within the tumor as well as the 
degree of bone erosion. Similar to normal cartilage, chon- 
dromatous lesions have poor vascularity and are weakly 
enhancing. They are hypointense on T1 and hyperintense on 
T2 images and may have signal voids in areas of calcification 
(Fig. 159.23A-C). Surgical resection is the primary treat- 
ment modality as these lesions are not very radiosensitive. 


Figure 159.21 Axial temporal bone CT image at the level of the 
petrous apex demonstrating smooth bony expansion of the right 
petrous apex caused by a cholesterol granuloma. Note the loss 
of a distinct border between the lesion and the petrous carotid 
artery. 


B 


Figure 159.22 Cholesterol granuloma of the right petrous apex is hyperintense on both 
T1-weighted MRI images (A) and T2-weighted images (B). 


Figure 159.23 Radiographic appearance of a chon- 
drosarcoma. Axial CT (A) of the temporal bone at the 
level of the clivus and jugular foramen demonstrates 
wide bony destruction (arrowheads) of the left cranial 
base. This mass is mildly enhancing and hypointense 
on axial T1-weighted contrast-enhanced MRI images 
(B) but hyperintense on T2-weighted images (C). 


Chordoma 


Chordomas are uncommon slowly growing tumors that 
develop from clival notochord remnants and seldom extend 
into the CPA; however, the chondroid chordoma variant 
may occur within the CPA. These lesions have a distinct his- 
tologic appearance that is characterized by the presence of 
physaliferous or “soap bubble” cells. These lesions appear 
as well-circumscribed bone-expanding midline lesions on 
CT and moderately enhancing lesions that appear hypoin- 
tense on T1 sequences and hyperintense lesions with 
hypointense septations on T2 sequences (Fig. 159.24A-C). 
Prognosis of these lesions is poor and treatment involves 
surgical resection with postoperative radiotherapy. 
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Endolymphatic Sac Tumors 


Tumors that originate from the endolymphatic sac are 
aggressive lesions that are papillary adenomas origi- 
nating on the posterior petrous bone and may extend 
into the CPA. These lesions may occur sporadically but 
have an association with von Hippel-Lindau disease. 
Extensive bone erosion of the petrous bone can be iden- 
tified on CT. These enhancing heterogenous masses can 
sequester hemorrhagic and protein-laden cysts that may 
be bright on T1 and T2 sequences. Treatment is surgical 
through a translabyrinthine approach and postoperative 
radiation. 


Figure 159.24 Radiographic appearance of a chordoma. Axial 
CT of the temporal bone at the level of the clivus and jugular fora- 
men demonstrates wide bony destruction of the left cranial base 
(A). This mass is hypointense on axial T1-weighted MRI images 
(B) but hyperintense on T2-weighted images (C). 
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159.2 CPA LESION RADIOLOGY SUMMARY 


T1 (Relative T2 (Relative Contrast 
Lesion to Brain) to Brain) Enhancement 
Cranial nerve lsointense lsointense, with Strong, with 
schwannoma foci of high cystic areas 
intensity 
Meningioma lsointense lsointense Strong 
Paraganglioma lsointense lsointense Strong 
Endolymphatic Hyperintense Hyperintense Strong 
sac tumors 
Metastases Variable Hyperintense Strong, but 
heterogeneous 
Chordoma Hypointense Hyperintense Moderate 
Chondrosarcoma Hypointense Hyperintense Weak 
Epidermoid cyst Hypointense Hyperintense None 
(cholesteatoma) 
Dermoid cyst Hyperintense Hyperintense None 
Arachnoid cyst Hypointense Hyperintense None 
Lipoma Hyperintense Hypointense None 
Cholesterol Hyperintense Hyperintense None 
granuloma 
SUMMARY 


A variety of lesions may develop with the CPA. Many of the 
lesions may grow to substantial size without causing overt 
symptoms. Cranial neuropathies, most commonly seventh 
and eighth nerves, are common with lesions of the CPA. Due | 
to the common clinical symptoms at presentation, imaging 
plays a vital role in differentiating these lesions, determin- 
ing the extent of disease, and planning treatment. An review 
of imaging characteristics of these lesions is summarized m Vestibular schwannomas can be observed clini- 
in Table 159.2. These lesions may be addressed surgically 
through a variety of approaches that have been developed 
over the last century. The role of adjuvant therapy in disease 
of the cranial base is evolving and a multidisciplinary team 
approach to the treatment of complex cranial base lesions is 


beneficial to patient care and outcomes. r 
m The CPA is an inverted triangle positioned between the 
pons and cerebellum within the posterior fossa and a 


may contain pathologic lesions of the 5th to 12th cra- 
nial nerves, dura, and vasculature that may be infectious, 
inflammatory, immunologic, or neoplastic in origin. 

m Lesions of the CPA can be classified by the site of origin 
(extraaxial vs. intraaxial) and imaging characteristics. 


CT Other Findings 


¢ Smooth expansion of bone 
(IAC, jugular foramen, 
fallopian canal) 
Calcifications 

Hyperostosis 

Permeative erosion of bone 
Erosion of caroticojugular 
spine 

Extensive bony destruction 


Fundal cap—VS 
Ice cream cone—VS 


Salt and pepper 
appearance 


Characteristic location 


Melanoma—T1 
hyperintensity 
Originate at the clivus 
Occur along 
petroclival suture 
Bright on T2 FLAIR 
Bright on DWI 
Bright on T2 FLAIR 


Irregular bony destruction 


Central skull base destruction 
Irregular bony destruction 
Calcified central matrix 
Erosion of bone 


Erosion of Bone 
Calcification 

Sculpted bone 

Lower density than fluid 
Smooth expansion of bone 


Dark on T2 FLAIR 
Suppresses with fat sat 


= Vestibular schwannomas are the most common 


lesions of the CPA and may cause unilateral tinnitus, 
sensorineural hearing loss, disequilibrium and are 
best demonstrated on MRI contrasted T1 sequences. 
NF2 is caused by mutations on chromosome 22 and 
characterized by bilateral vestibular schwannomas and 
may present with multiple CNS tumors such as cranial 
nerve schwannomas, meningioma, and ependymoma. 


cally with serial MRI scans; however, the majority 
of tumors exhibit growth and predictors of growth 
include age at presentation, presence of tinnitus ini- 
tially, cystic tumors, and growth demonstrated dur- 
ing first year after diagnosis. 

Stereotactic radiation is a viable option for treat- 
ing vestibular schwannomas and may reliably halt 
tumor growth; however, minimizing cochlear radi- 
ation dose is necessary to limit long-term hearing 
loss. Radiation treatment of NF2-associated tumors 
results in a higher percentage of complications. 
Microsurgical resection of vestibular schwannomas 
may be accomplished safely and is primarily per- 
formed through a translabyrinthine approach; how- 
ever, intracanalicular tumors less than 1.5 cm can be 
resected through a middle fossa approach in order 
to preserve hearing. 


m Meningiomas within the CPA possess broad dural 
attachments and commonly engulf or adhere to 
adjacent cranial nerves. 

m= Epidermoid and dermoid cysts are hyperintense on 
T2-weighted images and may be distinguished from 
arachnoid cysts by their bright appearance on FLAIR 
sequences. Additionally, dermoid cysts are hyperin- 
tense on T1-weighted images. 

m Other petrous apex lesions that possess inherent T2 
hyperintensity include cholesterol granuloma, chon- 
drosarcoma, and chordoma. Cholesterol granulomas 
exhibit T1 hyperintensity and smooth bony expan- 
sion. Chondrosarcomas erode bone and originate 
from the petroclival suture while chordomas originate 
from the clivus and exhibit smooth bony expansion. 
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Sudden Sensory 
Hearing Loss 


Eric R. Oliver 


Sudden hearing loss is a startling and unsettling experience 
for the patient. Fortunately, most cases of sudden hearing 
loss are unilateral, and the prognosis for some recovery of 
hearing is good. For an unlucky few, the hearing loss can 
be severe and bilateral. Dilemmas in diagnosis make for- 
mulating a rational treatment plan an elusive process, and 
unfortunately, the diagnosis is commonly delayed. Patients 
stricken with sudden hearing loss are often frightened and 
desperate for a cure. There is an emotional burden carried 
by the physician to provide some definitive assistance. 
Because sudden hearing loss is a symptom common to 
many diseases, sifting through the myriad possibilities is a 
frustrating task. 


Sudden sensory hearing loss is a deceptively simple term, 
yet the concept defies strict definition. The terms sudden 
hearing loss, sudden sensory hearing loss, and sudden sen- 
sorineural hearing loss (SSNHL) each imply an acute insult 
of the cochlea and/or retrocochlear structures. Thus, the 
term SSNHL is perhaps the most accurate to denote this 
clinical entity. Various investigators have put forth defini- 
tions based on the severity, time course, and frequency 
spectrum of the loss, as well as specific audiometric criteria. 
The most commonly used definition is a 30-decibel (dB) or 
greater sensorineural loss over three contiguous frequencies 
occurring within 3 days (1). Abrupt and rapidly progressive 
losses have both been encompassed under a single defini- 
tion. Awakening with a hearing loss, hearing loss noted 
over a few days, selective low- or high-frequency loss, and 
distortions in speech perception have all been classified as 
SSNHL. Taking a broad-minded view, let us consider any 
noticeable and measurable loss of hearing function—pitch 
or speech perception—occurring over a matter of minutes 
to days as a sudden hearing loss. Also, SSNHL encompasses 
definite etiologies as well as idiopathic causes. 


George T. Hashisaki 


Estimates of the annual incidence of sudden SSNHL range 
from 5 to 20 cases per 100,000 persons (2). Because many 
patients do not seek medical attention after spontaneous 
resolution, and others are misdiagnosed initially, this inci- 
dence figure is an underestimate. Likely, there is an equal 
distribution of female-to-male cases. Cumulative data 
from several studies show a slight male preponderance at 
53% (1,530/2,864) (2-8); however, another large study of 
1,220 patients noted a slight female preponderance, with- 
out specifying numbers (9). Gender does not seem to be 
a risk factor. Several studies have not delineated right ver- 
sus left ears affected, other than to state an equal distribu- 
tion. Curiously, from combined study data, it was found 
that hearing loss affected more left ears (55%) (2-5,7,10). 
An equal distribution between ears would be expected. 
Bilateral sudden hearing loss occurs in about 1% to 5% 
of cases (3-5,7,9-11). Sudden hearing loss occurs in all 
age groups, but fewer cases are reported in children or the 
elderly (2,5,6). Middle-aged and young adults experience 
similar incidence rates (2,5,6,9). The median age at presen- 
tation ranges from 40 to 54 years (3-6,8). Acute tinnitus 
accompanies the hearing loss in most cases, and vestibu- 
lar symptoms are present in one-fourth to half of patients 
(3-6,8). 


SSNHL can be divided into categories of defined causes and 
idiopathic sudden sensorineural hearing loss (ISSNHL). 
Defined causes of SSNHL are varied and less common 
(Table 160.1). Approximately 10% to 15% of cases are 
due to an identifiable etiology (3,5,12,13). Three main 
theories exist to explain ISSNHL: viral infection, vascular 
compromise, and intracochlear membrane rupture. There 
is additional evidence to support a fourth explanation: 
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DIFFERENTIAL DIAGNOSIS 


TABLE 
160.1 IN SUDDEN SENSORINEURAL 
2 HEARING LOSS 
Category Etiology 
Infection Viral cochleitis, labyrinthitis, or cranial nerve 


VII| neuropathy 
Herpes simplex 
Mumps 
Varicella zoster (Herpes zoster oticus) 
Rubella 
Influenza 
Epstein-Barr 
Enterovirus 
Cytomegalovirus 
HIV 
Meningitis 
Syphilis 
Lyme disease 
Autoimmune 
Cogan syndrome 
Behcet syndrome 
Systemic lupus erythematosus 
Multiple sclerosis 
Temporal bone fracture 
Acoustic trauma 
Barotrauma 
Perilymph fistula 
Vestibular schwannoma 
Meningioma 
Temporal bone metastasis 
Carcinomatous meningitis 
Aminoglycosides 
Aspirin 
Cisplatin 
Radiation therapy 
Thromboembolism 
Macroglobulinemia 
Sickle-cell disease 
S/P coronary bypass graft surgery 
Severe acute hypotension 


Inflammation 


Trauma 


Neoplasm 


Toxins 


Cardiovascular 


Otologic Endolymphatic hydrops 
Meniere disease 
Genetic GJB2 mutation (DNFB1; encoding 


connexin 26) 

Enlarged vestibular aqueduct in Pendred 
syndrome 

Branchio-otorenal syndrome 

Renal tubular acidosis 

Fabry disease 


autoimmune inner ear disease. With sudden hearing loss 
as a symptom, a disease process could involve any of these 
theoretical possibilities. Each theory may explain a number 
of episodes of SSNHL. 


VIRAL INFECTION 


Considerable circumstantial evidence implicates viral 
infection as one cause of ISSNHL. From studies of patients 
with ISSNHL, this trail of evidence can be traced from 


reports of a high prevalence of a recent viral type of illness, 
through evidence of recent viral seroconversion, to tempo- 
ral bone histopathology. The weakest of these links is the 
associated history of a recent viral illness. Noncontrolled 
studies report that 17% to 33% of patients recall a recent 
viral illness (3,9). Lest those numbers seem significant, 
25% of healthy patients visiting an otolaryngology clinic 
had experienced a potential viral illness within a month 
preceding the visit (14). Wilson provided good evidence 
of viral seroconversion by comparing patients experienc- 
ing ISSNHL with control patients. Rates of seroconversion 
for the herpesvirus family were significantly higher in the 
sudden-hearing-loss population (15). Finally, temporal 
bone histopathologic studies of patients who experienced 
ISSNHL found damage in the cochlea consistent with viral 
injuries (16-19). Loss of hair cells and supporting cells, 
atrophy of the tectorial membrane, atrophy of the stria 
vascularis, and neuronal loss were seen; these patterns 
were similar to findings in documented cases of mumps-, 
measles-, and maternal rubella-related hearing loss. Viral 
infection can be implicated as a cause of ISSNHL, but it 
cannot as yet be proved. 


VASCULAR COMPROMISE 


The cochlea derives its blood supply from the labyrinthine 
artery, with no collateral vasculature. Cochlear function is 
exquisitely sensitive to changes in blood supply (20). Thus, 
vascular compromise of the cochlea caused by thrombosis, 
embolus, reduced blood flow, or vasospasm would seem 
a likely etiology for ISSNHL. The abrupt or rapid time 
course in sudden hearing loss correlates well with a vascu- 
lar event. A reduction in oxygenation of the cochlea is the 
likely consequence of alterations in cochlear blood flow. 
Alterations in perilymph oxygen tension have been mea- 
sured in response to changes in systemic blood pressure or 
intravascular carbon dioxide partial pressure (PCO,) (21). 
Histologic evidence of cochlear damage following occlu- 
sion of the labyrinthine vessels was documented in tem- 
poral bone studies in both animals and humans (19,22). 
Intracochlear hemorrhage was noted as an early develop- 
ment; subsequently, fibrosis and ossification of the cochlea 
evolved. It remains unproven whether SSNHL is associated 
with common cardiovascular risk factors. An association 
between SSNHL and hypercholesterolemia was revealed 
in a few case-control series (23-25). SSNHL may be more 
common and severe in patients with diabetes (26). 


INTRACOCHLEAR MEMBRANE RUPTURE 


Thin membranes separate the inner ear from the middle 
ear, and within the cochlea, delicate membranes separate 
the perilymphatic and endolymphatic spaces. Rupture of 
either or both sets of membranes theoretically could pro- 
duce a sensory hearing loss. A leak of perilymph fluid into 
the middle ear via the round window or oval window has 


been postulated to produce hearing loss by creating a state 
of relative endolymphatic hydrops or by producing intra- 
cochlear membrane breaks. Rupture of intracochlear mem- 
branes would allow mixing of perilymph and endolymph, 
effectively altering the endocochlear potential. Simmons 
(27) favored the theory of intracochlear membrane rup- 
ture, as did Goodhill and Harris (28); histologic evidence 
was documented by Gussen (29). 


AUTOIMMUNE INNER EAR DISEASE 


Sensorineural hearing loss induced by an autoimmune 
process has gained greater acceptance since the concept 
was introduced in 1979 by McCabe (30). Progressive sen- 
sorineural loss is seen with this condition. Whether or 
not SSNHL occurs with autoimmune inner ear disease is 
unclear, but immunologic activity in the cochlea is sup- 
ported by an expanding body of evidence. The association 
of hearing loss in Cogan syndrome, systemic lupus erythe- 
matosus, and other autoimmune rheumatologic disorders 
has been well documented. 


EVALUATION 


Patient evaluation should proceed promptly and expedi- 
tiously. Early presentation to a physician and early insti- 
tution of treatment improve the prognosis for hearing 
recovery (2,3,5,9). A diligent search for a treatable or 
defined cause of the sudden hearing loss is an immediate 
goal. Information about the onset, time course, associated 
symptoms, and recent activities may give helpful clues. 
Reviewing the past medical history, especially risk factors 
for hearing loss, is necessary. All medications, including 
over-the-counter products, must be delineated. A thor- 
ough head and neck examination, with special attention 
to the otologic and neurologic examination, is a requi- 
site. Pneumatoscopy, in search of a fistula sign, should 
be included. A cardiovascular examination should also 
be performed to evaluate for atrial fibrillation, aortic and 
mitral valve pathology, and carotid bruits. 

Pure tone and speech testing are mandatory components 
of the audiometric evaluation of SSNHL. Immittance (tym- 
panometry and acoustic reflex) testing is recommended to 
assess for changes in middle ear compliance not visible on 
otoscopic examination. Auditory brainstem response (ABR) 
and otoacoustic emissions (OAEs) testing may provide addi- 
tional information regarding the integrity of the auditory 
system. The presence of measurable OAEs indicates pres- 
ervation of some outer hair cell function. The ABR reflects 
function of the retrocochlear neural pathways. The ABR and 
OAE results also may assist in diagnosing a functional hear- 
ing loss. Vestibular tests are obtained when indicated by the 
history and physical examination. An exhaustive set of labo- 
ratory tests would be overwhelmingly costly. One approach 
is to obtain those laboratory tests for which the results may 
influence the treatment plans (Table 160.2). 
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LABORATORY TESTS AND 
wv.\-|8=3) RADIOGRAPHIC IMAGING IN 
4-0) SUDDEN SENSORINEURAL 


HEARING LOSS 


Test Purpose 


CBC with differential | Polycythemia, leukemia, thrombocytosis 

Sedimentation rate, Screen for autoimmune or inflammatory 
ESR disease; follow with ANA or 68 kD Ab 
test 

Antibody test, Treponema pallidum, 
congenital or acquired 

Coagulopathy (if indicated, by history) 

Hypothyroidism (if indicated, by history) 


FTA-Abs or MHA-TP 


Coagulation studies 
Thyroid function 


tests 
MRI Retrocochlear lesion, multiple sclerosis, 
intracochlear hemorrhage 
CT scan Otic capsule abnormalities in pediatric 


patients 


68 KD Ab, 68 kiloDalton antibody; ANA, antinuclear antibody; CBC, 
complete blood count; ESR, erythrocyte sedimentation rate; FTA-Abs, 
fluorescent treponemal antibody-absorption test; MHA-TP, 
microhemagglutination-Treponema pallidum; MRI, magnetic resonance 
imaging; CT, computed tomography. 


At some point during the evaluation and treatment 
process, an imaging study of the internal auditory canal 
(IAC) and cerebellopontine angle (CPA) is advised. App- 
roximately 0.8% to 4% of patients with ISSNHL have been 
diagnosed with IAC or CPA tumors (2,3,9,31-34). A gado- 
lintum enhanced magnetic resonance imaging (MRI) scan 
is the optimal study to identify IAC and CPA lesions; 
alternatively, a neurodiagnostic ABR (if hearing levels per- 
mit) could be used as a screening test. In addition, MRI 
scanning can demonstrate evidence of demyelination, 
intracochlear hemorrhage, or vascular abnormalities (32- 
35). In younger patients, for whom there is only a small 
possibility of a vestibular schwannoma but a greater possi- 
bility of an anatomic abnormality, a noncontrast temporal 
bone computed tomography (CT) scan could be obtained. 
Anatomic defects such as cochlear dysplasia, Mondini 
malformation, or an enlarged vestibular aqueduct might 
account for a sudden hearing loss (36). 

Because SSNHL is often accompanied with the sensa- 
tion of aural fullness, the hearing loss is often attributed 
to the more common conditions of cerumen impac- 
tion, acute upper respiratory tract infection with associ- 
ated middle ear dysfunction, or allergy by primary care 
providers, and no further investigation is performed. 
Because a delay in diagnosis and treatment can negatively 
impact the ultimate hearing outcome, it is essential that 
all health care providers are capable of differentiating 
SSNHL from other routine presentations of acute hearing 
loss. Testing with a 512 Hz tuning fork is very valuable in 
categorizing the hearing loss as conductive or sensorineu- 
ral. Referral to an otolaryngologist and audiometric testing 
should proceed for any patient with a suspected SSNHL. 


2592 Section IX: Otology 


TREATMENT 


The treatment regimens for ISSNHL are legion, and this 
diversity reflects both the different etiologies that may 
cause sudden hearing loss and the uncertainty in diagno- 
sis. Primary treatment is guided by the specific cause, if one 
is identified. As discussed previously, no specific cause is 
identified in the vast majority of cases, and empirical treat- 
ments can be considered. These therapies can be grouped 
by mechanism of action: (a) anti-inflammatory agents, (b) 
vasodilators, (c) rheologic agents, (d) antiviral agents, (e) 
diuretics, (f) triiodobenzoic acid derivatives, (g) hyperbaric 
oxygen, and (h) surgery. 


Anti-inflammatory Agents 


Corticosteroids are the primary anti-inflammatory agents 
used to treat ISSNHL. The mechanism of action of corti- 
costeroids in SSNHL is unknown, although reduction of 
cochlea and auditory nerve inflammation is the presumed 
pathway. The typical dosing of oral corticosteroids for 
SSNHL (prednisone, 1 mg/kg/d, usual maximum 60 mg/day) 
is tapered over a period of 10 to 14 days. Steroids may 
also be directly injected into the middle ear space 
through the tympanic membrane (intratympanic deliv- 
ery) to permit perfusion into the inner ear via the round 
window. 


Vasodilators 


Theoretically, vasodilators improve the blood supply to 
the cochlea, reversing hypoxia. Histamine, nicotinic acid, 
papaverine, procaine, niacin, and carbogen have been used 
in attempts to improve cochlear blood flow. Carbogen 
(5% carbon dioxide and 95% oxygen) inhalation has been 
shown to increase perilymph oxygen tension (20,37). 


Rheologic Agents 


Altering blood viscosity to improve blood flow and oxygen 
delivery has been the theory behind the use of low- 
molecular-weight dextrans, pentoxifylline, and the anticoagu- 
lants heparin and warfarin. Dextrans cause a hypervolemic 
hemodilution and affect factor VUI, both effects influ- 
encing blood flow. Pentoxifylline allows greater platelet 
deformability, and anticoagulants interfere with the coagu- 
lation cascade. 


Antiviral Agents 


Acyclovir and amantadine have had limited use in treating 
ISSNHL, presuming a viral etiology. Famciclovir and vala- 
cyclovir are newer agents, similar in structure and activity 
to acyclovir. Both of these medications have a three-times- 
daily dosing schedule, as compared to the five-times-daily 
schedule for acyclovir. 


Diuretics 


Under the assumption that some episodes of ISSNHL are 
secondary to cochlear endolymphatic hydrops, diuretic 
therapy has been used as treatment. As in Méniére disease, 
the mechanism of action for diuretics in sudden hearing 
loss is not understood. 


Triiodobenzoic Acid Derivatives 


These agents are thought to affect the stria vascularis and 
assist in maintaining the endocochlear potential (8). 
Diatrizoate meglumine, an angiographic contrast agent, is 
the most commonly used derivative of triiodobenzoic acid. 


Hyperbaric Oxygen Therapy 


Therapeutic administration of 100% oxygen at environ- 
mental pressures greater than one atmosphere absolute has 
been proposed to improve ISSNHL by increasing the partial 
pressure of oxygen delivered to the inner ear. Treatments 
typically consists of pressurization and administration of 
100% oxygen for 1 to 2 hours once or twice daily. A typical 
course will consist of 20 to 40 treatments (38). 


Surgery 


Repair of oval and round window perilymph fistulae has 
been used in cases of ISSNHL associated with a positive fis- 
tula test or a history of recent head trauma or barotrauma. 
Perilymph leaks could produce sudden hearing loss in 
accordance with the intracochlear membrane rupture 
theory. Alternatively, low perilymph pressure caused by a 
fistula could produce a state of relative cochlear endolym- 
phatic hydrops. 


RESULTS 


Spontaneous recovery rates for SSNHL are generally good. 
Published rates range from 47% to 63%, combining cat- 
egories of complete and good or partial recovery (1,5,39). 
Mattox and Simmons defined complete recovery as a pure- 
tone average (PTA) less than 10 dB or equaling the unin- 
volved ear, and good recovery as a PTA less than 40 dB or 
more than 50 dB improvement from the initial audiogram 
(5). The recovery rate for these two groups was 63%. For 
Wilson et al. (1), complete recovery was defined as recov- 
ery to within 10 dB of the prehearing loss speech recep- 
tion threshold (SRT) or PTA. Partial recovery was defined 
as recovery to within 50% of the prehearing loss SRT or 
PTA. The unaffected ear was used to establish preexisting 
hearing levels for the involved ear. Fifty-two patients who 
had follow-up without treatment had a 58% spontaneous 
recovery rate. When combined with the placebo group in 
their study, the spontaneous recovery rate was 47%, Chen 
et al. (39) found similar rates of spontaneous recovery in 


their untreated patients, using either the criteria of Mattox 
and Simmons (5) or Wilson et al. (1). 

A review of outcomes for the various therapeutic regi- 
mens gives conflicting results. Heterogeneity of inclusion 
and exclusion criteria, recovery definitions, and follow-up 
duration confound an accurate comparison of studies. Many 
studies lack control patients. Selection bias could influence 
measured outcomes; tertiary referral centers might accrue 
a different profile of patients than other practices, with 
some patients having a longer duration of symptoms or 
more severe hearing losses. Several studies using vasodilator 
therapy as acomponent of treatment failed to show significant 
differences from placebo (4,14); however, Fetterman et al. 
(3) reported their best recovery results: 63% improved to 
a PTA greater than 10 dB or speech discrimination greater 
than 15% when treatment included vasodilators. Based on 
controlled studies, few data support vasodilator therapy. 
Studies including low molecular weight dextrans or pentox- 
ifylline did not demonstrate recovery rates better than pla- 
cebo (7,10,40). Redleaf et al. (8) reported 64% of patients 
improving, however. They also used diatrizoate therapy, and 
there was no placebo arm in the study. Cochrane database 
systematic reviews found no significant role for vasodilator 
and vasoactive treatments (41), but noted an increased rate 
of a 25% increase in pure tone average after hyperbaric oxy- 
gen therapy (38). However, the authors urged caution when 
interpreting this result, due to methodologic weaknesses 
and low patient numbers in the included studies. 

Corticosteroid therapy has shown widely varying out- 
comes. Published recovery rates range from 41% to 61% 
(1-4,10,39,40). Wilson et al. (1) demonstrated a signifi- 
cant improvement, finding 61% improved on oral steroids 
compared with a 32% improvement rate on placebo. They 
stratified their patient groups by audiometric patterns and 
determined that hearing losses between 40 and 90 dB 
responded better to steroid therapy; 78% in this severe 
loss group improved. However, the rate of improvement in 
the corticosteroid treated cohort was similar to the recoy- 
ery rate in patients who did not receive treatment in other 
reports (5,40). Chen et al. (39) also found a significant 
benefit with oral steroids in a study of 318 patients. They 
found the greatest magnitude of improvement in patients 
with greater than 60 dB PTA hearing loss, citing a “floor 
effect” limiting the degree of improvement in mild hear- 
ing losses. Because of the “floor effect,” a benefit of oral 
steroids might be present in those with mild hearing loss, 
but the effect could not be proven. 

A recent Cochrane Review (42), systematic review (43), 
and meta-analysis (44) each concluded that the efficacy of 
oral corticosteroid therapy for SSNHL remains unproven. 
There are limited data comparing various doses or dura- 
tion of oral corticosteroid therapy. Studies that investigated 
the correlation between the duration of SSNHL before 
treatment and hearing outcomes have reported the greatest 
hearing recovery when oral steroids are initiated within the 
first 1 to 2 weeks after hearing loss onset, and minimal to 
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no benefit when initiated 4 or more weeks after the onset 
of symptoms (2,3,45). 

Transtympanic steroid application has theoretical bene- 
fits of a high delivery concentration to the inner ear and low 
systemic concentrations. Several studies have addressed the 
efficacy of transtympanic steroid treatment, but because of 
differences in delivery technique, corticosteroid, dose, and 
dosing schedule, direct comparisons are difficult (46-48). 
Using a transtympanic injection of dexamethasone, 
Chandrasekhar found that 8 of 11 ears treated had some 
hearing improvement. The mean SRT improved by 9 dB and 
the mean speech discrimination or word recognition score 
(WRS) improved from 61.5% to 77.3% (46). Kopke et al. 
placed a microcatheter into the round window niche 
through a tympanomeatal flap and perfused the niche with 
methylprednisolone. For six patients treated within 4 weeks 
of the onset of the hearing loss, all experienced some hear- 
ing return. The mean PTA improved 50.8 dB, and the mean 
WRS improved from 1.3% to 62.2% (47). Gianoli and Li 
applied topical steroids through a ventilation tube in the 
tympanic membrane. Hearing improvement was seen in 
44% (10 of 23 patients) (48). Applying dexamethasone 
through a porous wick placed inside a ventilation tube, 
Light and Silverstein found a 10 dB improvement in PTA 
for 23% and a 15% improvement in speech discrimination 
for 35% in a study of 48 patients. For the patients experi- 
encing a hearing improvement, the mean PTA improved 
43% and the mean WRS improved 51% (49). Haynes et al. 
investigated transtympanic treatment after failure of sys- 
temic oral therapy. With a definition of improvement of 
20 dB PTA, the recovery rate was 27.5%. Dramatic hearing 
recovery in treatment failures was rarely encountered (50). 

A multicenter randomized trial comparing the efficacy 
and safety of oral and intratympanic corticosteroids for pri- 
mary therapy of unilateral ISSNHL involving 250 patients 
was recently completed (51). Participants were followed for 
6 months. One hundred and twenty-one patients received 
60 mg/day of oral prednisone for 14 days with a 5-day 
taper, and 129 patients received 4 doses over 14 days of 
40 mg/mL of methylprednisolone injected into the middle 
ear. In the oral prednisone group, PTA improved by 30.7 dB 
compared with a 28.7-dB improvement in the intra- 
tympanic treatment group. Recovery of hearing on oral 
treatment at 2 months by intention-to-treat analysis was 
2.0 dB greater than intratympanic treatment. The authors 
concluded that transtympanic therapy is not inferior to 
oral steroids. However, oral steroids offer a significant cost 
advantage over transtympanic delivery. 

Given the theoretical implication of viral infection as a 
cause of ISSNHL, the use of antiviral therapy for ISSHL is a 
logical extension. A multicenter, randomized, prospective, 
double-blind trial comparing prednisolone against pred- 
nisolone and acyclovir did not show a significant beneficial 
effect of acyclovir (52). The study size was not large, having 
22 patients in each arm of therapy. In patients treated with 
corticosteroids alone, 80% demonstrated at least a 10-dB 
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PTA improvement. Tucci et al. (53) did not find a signifi- 
cant benefit from the addition of valacyclovir to concurrent 
oral prednisone therapy in a larger multicenter, random- 
ized, prospective trial. Two additional studies found no 
benefit from the addition of antiviral therapy (54,55). Two 
studies using diatrizoate were reviewed. Wilkins et al. (10) 
found no significant difference in recovery using diatri- 
zoate in a multidrug regimen, compared with spontane- 
ous recovery rates (1,5). Redleaf et al. (8), using diatrizoate 
and dextran, reported a beneficial effect: 64% of patients 
had improvement. Interestingly, using the hearing recovery 
criteria of Wilkins et al. (10), recalculated data from the 
Redleaf study indicated only a 36% recovery rate to a clas- 
sification of complete or good. 

Controversy regarding the results of surgical repair of 
perilymphatic fistulae continues. A universal standard for 
positive identification of a fistula has not been achieved. 
Without uniform standards, outcomes of surgical repair 
are difficult to compare. 


PROGNOSIS 


Prognostic factors affecting outcome have been postulated. 
The associated symptoms of vertigo or imbalance seem to 
portend a lower recovery rate (1-3,8,9). Two studies, in 
addition, found severe vertigo associated with more cases 
of high-frequency or profound hearing loss (5,6). This 
association could be explained anatomically by the close 
proximity of the basal turn of the cochlea to the vestibule 
(G). Patient age also may impact recovery, although there 
are less consistent data across studies. The youngest and 
the oldest patients may have lower recovery rates. 

The likelihood of recovery of hearing has been reported 
to vary with the severity of hearing loss at presentation and 
the configuration of the audiogram. Patients with mild 
losses typically achieve complete recovery, while those with 
moderate losses often partially recover spontaneously, but 
rarely realize full recovery unless treated. Those with severe- 
to-profound hearing losses rarely improve spontaneously or 
recover fully (1,2,5). Low frequency losses and flat or down- 
ward sloping audiograms were associated with a worse 
prognosis in some studies (5,9,11). Patients with poorer ini- 
tial WRS, lower initial thresholds at 4,000 Hz, and younger 
age were more likely to respond to treatments in another 
study (3). The prognosis for recovery of hearing seems to be 
worse in older patients and those with associated vestibular 
symptoms (2,3,5,6,9). The sooner a response is seen, the 
better the overall prognosis. Patients in whom there is no 
audiometric improvement within 2 weeks of presentation 
are unlikely to demonstrate much recovery (56). 


CONCLUSIONS 


SSNHL remains a puzzling affliction. Given the rate of 
spontaneous recovery, the prognosis for some hearing 
recovery is good. It is likely that selection bias affects most 


studies of ISSNHL; patients with sudden hearing loss and 
spontaneous recovery within a few days probably will not 
seek medical evaluation. The true spontaneous recovery 
rate is unknown. 

Treatment should be based on a rational approach. 
Should no definite or treatable etiology be found, the 
treatment regimen is dictated by the most likely factors 
involved. Remembering that the medications used in treat- 
ment of SSNHL have potential side effects and the dictum, 
“Do no harm,” the physician and patient must agree on 
the best course of action. 


m= Sudden sensory hearing loss occurs at an annual 
incidence of 5 to 20 cases per 100,000 population. 
Some cases resolve spontaneously and medical 
attention is not pursued; therefore, the true inci- 
dence rate is likely higher. 

m The prognosis for some recovery of the hearing loss 
is good. The spontaneous recovery rate may be as 
high as 63%. 

m There are three generally accepted theories for the 
pathogenesis of ISSNHL. Viral infection, vascular 
compromise, and intracochlear membrane breaks 
are thought to explain most episodes that defy a 
clear cause. A fourth entity, autoimmune inner ear 
disease, also may add to the number of cases. 

= The evaluation of patients with sudden hearing loss 
should include a thorough history and physical 
examination. A diligent search for treatable causes 
of the hearing loss is very important. Laboratory 
tests can be useful for this purpose. 

m Because 0.8% to 4% of patients presenting with 
SSNHL may have a CPA mass, a retrocochlear evalu- 
ation using MRI with gadolinium or ABR is war- 
ranted. 

m Many treatment regimens exist, and the rationale 
behind any particular therapy employed should be 
understood. 

m Since there may be only a 2 to 4 week window for 
effective treatment of SSNHL, it is important to start 
therapy as soon as possible. 

m There is no single treatment of choice for ISSNHL. 
Many diseases produce sudden hearing loss, and the 
treatment should be directed toward the most likely 
causes. 

= Frontline health care workers who encounter 
patients with complaint of acute hearing loss should 
determine its character as either conductive or sen- 
sorineural, and carry a low threshold for audiometric 
testing and otolaryngology consultation. 
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Tinnitus and Hyperacusis 


Maura K. Cosetti 


Tinnitus, or the perception of sound in the absence of an 
external auditory source, is a common patient complaint 
in otolaryngologic practices. Recent studies estimate that 
tinnitus may affect up to 50 million adults in the United 
States, with 16 million experiencing frequent or chronic 
tinnitus in the prior 12 months (1,2). The distinction 
between nonpulsatile and pulsatile tinnitus and subjec- 
tive and objective tinnitus are critical in the appropriate 
diagnosis and management of these patients. This chapter 
discusses the theories of pathophysiology, epidemiology, 
assessment tools, and diagnostic and therapeutic consider- 
ations associated with each type of tinnitus. As hyperacusis 
frequently presents in conjunction with nonpulsatile sub- 
jective tinnitus, we include a discussion of this condition 
along with that form of tinnitus. Unfortunately, tinnitus, 
particularly the more common nonpulsatile subjective 
form, is frequently dismissed due to the mistaken belief 
that there is no available therapy for these patients; tinni- 
tus patients are instructed that there is “no pill or surgery” 
to help them and subsequently discharged. In this chapter, 
we discuss the various forms of tinnitus, and rational 
guidelines for their diagnosis and management. 


Classification 


Although a variety of tinnitus classification systems have 
been proposed, there is no currently accepted system in 
widespread use. At present, the most clinically relevant dis- 
tinction for the general otolaryngologist is the character- 
ization of subjective versus objective and pulsatile versus 
nonpulsatile tinnitus. Classification of a patient's tinnitus 
into these different categories can aid in appropriate diag- 
nosis and management of his or her complaint, and so 
the patient’s history and physical examination should be 
structured to first determine the answers to these critical 
questions. 


Pamela C. Roehm 


The distinction between pulsatile and nonpulsatile 
tinnitus is based on the patient’s description of the sound 
that he or she perceives. Further discrimination of pulsatile 
sounds into arterial (pulsations following the heartbeat) 
or venous (“whooshing” sounds) can also be based on 
the patient’s description. The distinction between subjec- 
tive (heard only by the patient) and objective (able to be 
heard by patient and examiner) is also critical in diagnosis 
and treatment of tinnitus and is made during the physi- 
cal examination (3). Objective tinnitus can occasionally be 
heard without other instrumentation by the clinician (as 
in patients with tinnitus resulting from mechanical car- 
diac valves). More commonly, the sound is perceived on 
auscultation of the periauricular region, ear canal, neck, or 
chest. Patient confirmation that the sound in question is 
identical to their tinnitus is required for definite identifica- 
tion. Objective tinnitus is rare and suggests an identifiable 
source for the acoustic stimulus underlying the tinnitus, 
such as a vascular bruit, vascular tumor, and palatal or ten- 
sor tympani myoclonus (4). 

Pulsatile tinnitus can be either subjective or objective, 
while nonpulsatile tinnitus is almost exclusively subjective. 
Patients’ descriptions of both pulsatile and nonpulsatile 
tinnitus can vary significantly, so clinical acumen is often 
required to effectively characterize the type of tinnitus. 
Typically, nonpulsatile tinnitus is described as “ringing,” 
“hissing,” “buzzing,” or “roaring.” In contrast, sounds char- 
acterized as rhythmic, concordant with the patient’s pulse, 
modified by external movements, or altered by changes in 
position should be classified as “pulsatile” tinnitus. 


History 


A careful and accurate history of the present illness is cru- 
cial for tinnitus characterization and has important impli- 
cations in both diagnosis and therapeutic management. 
In addition to differentiating pulsatile from nonpulsatile 
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tinnitus, the history should clarify the location, that is, 
unilateral or bilateral, onset, duration, intensity, and other 
elements of the quality of the perceived sound. Modifying 
factors, such as external movements or position changes, 
should be identified. Patients complaining of pulsatile 
tinnitus should be directly asked if the pulsations of their 
tinnitus concords with their pulse (5). Review of systems 
should include questioning regarding the patient’s mood 
and sleep patterns, particularly for patients complaining of 
subjective nonpulsatile tinnitus. 

A complete otologic history should be obtained from 
every tinnitus patient, including associated symptoms of 
hearing loss, otalgia, otorrhea, autophony, vertigo, imbal- 
ance, disequilibrium, and other neurologic symptoms. 
Past medical history should include prior history of otitis 
media, otologic or neurosurgical procedures, head trauma, 
meningitis, exposure to ototoxic medications (including 
antibiotics, chemotherapeutic agents, and nonsteroidal 
anti-inflammatory medications), history of autoimmune 
diseases, and current or prior psychiatric disorders. A list 
of current medications, including vitamins, herbal supple- 
ments, and over-the-counter medications, is necessary. 
Finally, the clinician should inquire about pertinent fam- 
ily history, such as paragangliomas. Social history should 
include tobacco, alcohol, illicit drug usage, and intake of 
caffeine, all of which can cause or increase nonpulsatile 
tinnitus. Levels of previous noise exposure should be deter- 
mined. 


Physical Examination 


A complete head and neck exam should be performed, 
including otoscopy (by binocular microscopy), pneu- 
matic otoscopy, and tuning fork exam (both the Weber 
and Rinne). The tympanic membrane should be closely 
observed for medial and lateral excursions associated with 
breathing. Patients should be monitored for torsional nys- 
tagmus during pneumatic otoscopy (fistula test), prefer- 
ably with Frenzel lenses in place. The patient should be 
questioned for vertigo induced during pneumatic insuffla- 
tion of the ear canal (Hennebert symptom). Cranial nerves 
should be tested. Additional elements of a neurotologic 
examination, including cerebellar function, gait evalua- 
tion, Romberg and Fukuda testing, and positional testing, 
should be performed when appropriate. 

For patients complaining of pulsatile tinnitus, palpa- 
tion of the postauricular region, mastoid, and neck should 
note any thrills or vascular cords. Auscultation of periau- 
ricular region, neck, and chest should note the presence 
of objective tinnitus as well as the presence of any bruits, 
vascular hums, or murmurs. Light ipsilateral and bilateral 
neck compression should be performed to assess the effect 
of decreased jugular venous flow on presence or intensity 
of the pulsatile tinnitus. In young patients, carotid artery 
compression can also be attempted with the goal of differ- 
entiating venous from arterial causes of pulsatile tinnitus. 


Careful exam of the temporomandibular joint and ipsi- 
lateral pterygoid muscles should note any tenderness, 
clicking, or inflammation. Palpation of the pre- and supra- 
auricular regions should assess for parotid abnormalities 
or masses. Flexible fiberoptic nasopharyngoscopy should 
be performed when examination of the eustachian tube 
(ET) orifice is warranted or when palatal myoclonus is sus- 
pected. 


Diagnostic Evaluation 


The initial evaluation of a patient presenting with tinnitus 
should include a complete audiogram, including pure- 
tone and spondee thresholds, word recognition scores, 
and tympanometry. Often it is useful to perform this test 
prior to evaluation in the otolaryngologist’s office, as it 
is critical in the determination of the etiology of tinnitus 
and appropriate therapy. Other audiologic tests, includ- 
ing immittance testing, auditory brainstem responses, 
otoacoustic emissions, and high-frequency audiograms, 
may be useful in evaluation of select patients with tin- 
nitus. Testing for vestibular function, (vestibular evoked 
myogenic potentials [VEMPs], videonystagmography 
[VNG], and rotational chair testing) may be warranted in 
the evaluation of patients with specific complaints and 
findings on physical examination, as discussed below. 
Similarly, imaging studies may be indicated for certain 
patients who present with tinnitus, but are not required 
for all. 


SUBJECTIVE NONPULSATILE TINNITUS 


Etiology 


A variety of clinical entities may underlie nonpulsatile 
tinnitus. Most often, these conditions cause hearing loss, 
which is thought to be the initial step in the generation of 
tinnitus in these patients. Noise-induced hearing loss, pres- 
byacusis, ototoxic medications, labyrinthitis, herpes zoster 
oticus, Meniere’s disease, and genetic hearing losses cause 
inner ear hair cell damage resulting in hearing loss, which 
can lead to nonpulsatile tinnitus. Chronic otitis media, 
cholesteatoma, canal occlusion, and otosclerosis can cause 
a conductive hearing loss that ultimately may result in tin- 
nitus. Lesions that affect the cochlear nerve and central 
nervous system (CNS) such as acoustic neuroma, meningi- 
oma, multiple sclerosis, and Charcot-Marie-Tooth disease 
can also induce tinnitus, typically along with a coincident 
hearing loss (Fig. 161.1, Table 161.1). 

However, not every patient with a hearing loss will 
have tinnitus. Additionally, patients without a discern- 
able hearing loss (including evaluation with a high-fre- 
quency audiogram) or other identifiable pathology may 
suffer from tinnitus as well. Other primary causes of tin- 
nitus include pharmacologic or dietary stimulants, head 
trauma, and psychiatric disorders. Drugs or stimulants 


Figure 161.1 Axial contrast-enhanced MRI shows left vestibu- 
lar schwannoma (white arrowhead) that was causing nonpulsatile 
tinnitus. 


which increase neural firing, such as aspirin, nonsteroi- 
dal anti-inflammatory medication, nicotine, ethanol, and 
caffeine, can cause or exacerbate nonpulsatile tinnitus 
(Table 161.2). 

The underlying mechanism of nonpulsatile subjective 
tinnitus, including the generator of the noise, has not yet 
been described. Advances in experimental and imaging 
techniques have revealed significant insights into the etiol- 
ogy of this disorder. These insights may ultimately guide 
rational treatment of this form of tinnitus. 


TABLE 


161.1 


CN VIII/CNS Charcot-Marie-Tooth 
Meningitis 
Meningioma 

Multiple sclerosis 
Vestibular schwannoma 
Caffeine 


Ethanol 


Dietary 


Antibiotics 
Antidepressants 
Immune modulators 
Nicotine 


Drugs 


IHC damage 


Middle ear disease 
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Initial theories of the generation of nonpulsatile tinni- 
tus focused on the role of the cochlea, specifically the role 
of certain cochlear structures such as outer hair cells. These 
theories flowed logically from observations that subjective 
nonpulsatile tinnitus is frequently seen in individuals with 
measurable hearing loss or following known ototoxic inju- 
ries (such as ototoxic medication exposure, noise exposure, 
head injury). However, later findings, such as the persis- 
tence of tinnitus following truncation of the auditory nerve 
or ablation of the cochlea, disproved these exclusively 
cochleogenic etiologies for the majority of sufferers of sub- 
jective nonpulsatile tinnitus (6-8). 

More recently, imaging studies on humans with tin- 
nitus and animal studies have revealed changes in neural 
activity and connectivity throughout the auditory system 
following loss of hearing. The spontaneous firing rate of 
auditory neurons increases during tinnitus, a phenomenon 
that may generate the tinnitus sound (9,10). Another pos- 
sibility is that increased synchrony of firing within audi- 
tory pathway neurons may be perceived as tinnitus (9,11). 
Many studies have noted a decrease in inhibitory neural 
input at multiple sites along the central auditory pathways, 
including the dorsal cochlear nucleus (12-15). This leads 
to a net increase in excitatory signaling in the auditory 
pathway and has been proposed as the neurophysiologic 
basis for subjective tinnitus. 

Others have proposed that neuronal plasticity may lead 
to tinnitus. Following hearing loss, studies in animals and 
humans have demonstrated a change in the tonotopic 
map throughout the auditory system. Some have proposed 
that these plastic changes in the frequency representa- 
tion in areas of the brain and brainstem are the origin of 
tinnitus, while others have suggested that these changes 
in the tonotopic map are merely epiphenomena of that 
hearing loss (16). Many other plastic changes also follow 


ETIOLOGIES OF NONPULSATILE TINNITUS 


EAC pathology Acquired stenosis 
Cerumen 


Foreign body 


Genetic HL 

HZO 
Labyrinthitis 
Meniere disease 
NIHL 
Ototoxicity 
Presbyacusis 


Cholesteatoma 
Chronic otitis media 
Otosclerosis 


CN, cranial nerve; CNS, central nervous system; EAC, external auditory canal; HL, hearing loss; HZO, her- 
pes zoster oticus; IHC, inner hair cell; NIHL, noise-induced hearing loss. 
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Antibiotics 


Macrolides 
Vancomycin 


Antidepressants TCAs 
SSRIs 
SNRIs 

Antimalarials Quinine 

Chemotherapeutics Cisplatinin 


Loop diuretics Ethacrynic acid 


Lasix 


Aminoglycosides 


Immune Infergen 

modulators Mycophenolate 
Sirolimus 
Soriatane 
Tacrolimus 

NSAIDs Ibuprofen 

Salicylates Aspirin 

Misc. Caffeine 
Nicotine 
Prevacid 


Misc., miscellaneous; NSAIDs, non-steroidal anti-inflammatory drugs; SNRIs, serotonin-norepinephrine 
reuptake inhibitors; SSRIs, selective serotonin reuptake inhibitors; TCAs, tricyclic antidepressants. 


deafferentation of areas of the auditory system, including 
changes in synaptic structure and firing patterns, formation 
of new synapses and elimination of others, and dendritic 
branching. All of these changes may underlie the com- 
plaint of nonpulsatile tinnitus (16). 

None of these etiologies address patients with com- 
plaints of tinnitus who fall into two categories encoun- 
tered in clinical practice. One is the patient who has had 
hearing loss for years and yet awakens suddenly with tin- 
nitus. The other is the rare patient who has normal hear- 
ing, even in the ultra-high frequencies, no other dietary or 
toxic risk factors, and no psychiatric comorbidities who 
complains of tinnitus. For these patients, careful history- 
taking may uncover a traumatic or emotional event that 
was coincident with the onset of their tinnitus. Similarities 
between tinnitus and phantom limb pain have fueled the 
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hypothesis that both are “aversive memory networks.” 
According to this theory, the phantom awareness (tinni- 
tus) only becomes conscious when linked to other brain 
networks, and then becomes bothersome when linked by 
learned associations with unpleasant emotions (17). 


Risk Factors 


The most prevalent risk factor for subjective, nonpulsa- 
tile tinnitus is hearing loss. As discussed above, hearing 
loss may be the initial instigating factor underlying non- 
pulsatile tinnitus. Frequently this hearing loss includes 
significant sensorineural losses at higher frequencies; 
occasionally, the hearing loss can only be detected using a 
high-frequency audiogram (Fig. 161.2). Of note, not every 
patient with hearing loss will have complaints of tinnitus, 
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Figure 161.2 Normal (A) and high-frequency (B) audiograms of a patient with nonpulsatile tinni- 
tus, demonstrating normal hearing from 250 to 8,000 Hz and a very-high-frequency bilateral hearing 


loss. 


and in fact, at least 27% of patients with profound senso- 
rineural hearing loss (SNHL) will not have tinnitus (18). 
Meniere’s disease is associated with nonpulsatile tinnitus 
that typically worsens during acute vertiginous episodes. 
Conductive or mixed hearing loss can also be associated 
with tinnitus, including that caused by otosclerosis, ossicu- 
lar discontinuities, or obstruction of the external auditory 
canal by cerumen or other factors. 

Other risk factors for nonpulsatile tinnitus include intake 
of certain dietary, medicinal, and illicit substances. For 
instance, caffeine, aspirin, ibuprofen, and nicotine can cause 
tinnitus or exacerbate preexisting tinnitus. Even if the indi- 
vidual patient has used these substances previously, changes 
in intake patterns due to shift work, injury, or changes in 
metabolism due to aging can lead to worsened tinnitus. 


Hyperacusis 


Hyperacusis, or increased sensitivity to sound, is often 
seen in the context of tinnitus. Patients will complain 
of discomfort or pain in the presence of sounds that are 
typically tolerated by normal people, including car horns, 
sounds associated with cooking, and even loud conversa- 
tions. Sometimes this sound intolerance will be limited to 
certain frequencies. As the patient continues to experience 
hyperacusis, the threshold of sound intensity required to 
cause discomfort may decrease. In severe cases, patients 
may significantly alter their behavior (wear ear muffs in 
public, avoid going outdoors) in order to avoid the dis- 
comfort and pain caused by exposure to these sounds. 
Often, hyperacusis is associated with hearing loss (19). 
For patients with hearing loss, intolerance to loud 
sounds may result from overrepresentation of the sound 
frequencies bordering a hearing loss in the central auditory 
system (recruitment). Exposure to these sound frequencies 
causes intolerable overstimulation of the auditory cortex 
due to recruitment. A second possibility is that hyperacusis 
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results from selective loss of efferent input to the inner 
ear. These efferents are critical in regulating basilar mem- 
brane excursion and firing of afferent eighth nerve fibers in 
response to a sound stimulus (20). 

Patients may develop hyperacusis following a single 
exposure to a sudden loud noise (e.g., gunshot, car airbag 
deployment) in the absence of a detectable hearing loss. 
Other potential etiologies for hyperacusis in the absence 
of hearing loss include head trauma, migraine, depres- 
sion, Bell’s palsy, Ramsay Hunt Syndrome, Lyme disease, 
Addison’s disease, and following stapes surgery (19,20). 
Hyperacusis is seen in over 80% of patients with Williams 
syndrome, a genetic disorder characterized by craniofacial 
and dental anomalies, mental retardation, hypertension, 
cardiovascular disease, and perfect pitch (21,22). 

Mild hyperacusis can be managed by avoidance of 
sounds that stimulate an unpleasant reaction (19). Thus for 
hearing aid users with hyperacusis, the maximum comfort 
level should be utilized in programming their aids. Further 
treatment is required for patients with severe hyperacusis 
that affects their activities of daily living. For these patients, 
tinnitus retraining therapy (TRT) can be extremely effective 
in increasing their tolerance to everyday sounds (23). 


Diagnostic Evaluation 


Patients with nonpulsatile, subjective tinnitus should 
always have a standard, complete audiogram performed as 
the initial step in their evaluation, as discussed above. For 
patients with complaints of bilateral tinnitus who have a 
normal standard audiogram (up to and including 8,000 Hz 
pure tone thresholds), a high-frequency audiogram may be 
useful in determining the etiology of tinnitus, particularly 
in patients with no other risk factors. 

Magnetic resonance imaging (MRI) of the brain and 
brainstem with gadolinium is a requisite test for patients 
with unilateral tinnitus (Fig. 161.3). Even in the presence of 
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Figure 161.3 Algorithm for evaluation of nonpulsatile tinnitus. Modified from the Tinnitus Research 
Initiative diagnosis and treatment of tinnitus (24). AIED, autoimmune inner ear disease; AOM, acute 
otitis media; BIH, benign intracranial hypertension; CHL, conductive hearing loss; CN cranial nerve; 
COM, chronic otitis media; CSOM, chronic serous otitis media; CT, computed tomography; ECog, 
electrocochleography; EEG, electroencephalogram; VEMP, vestibular evoked myogenic potential; 
MRI, magnetic resonance image; PLF, perilymphatic fistula; SCCD, semicircular canal dehiscence; 
SSNHL, sudden sensorineural hearing loss; sx, symptoms; TMJ, temporomandibular joint; unilat, 


unilateral; NIHL, noise-induced hearing loss. 


2602 Section IX: Otology 


normal or symmetrical hearing, patients with unilateral tin- 
nitus may have a vestibular schwannoma or other intracra- 
nial anomaly requiring further treatment (25) (Fig. 161.1). 
The complete evaluation of patients with symptoms con- 
sistent with Meniere’s disease also should include an MRI. 


Treatment 


Occasionally, treatment of an underlying pathology caus- 
ing hearing loss will alleviate nonpulsatile tinnitus. For 
instance, removal of cerumen or a foreign body may alle- 
viate both the hearing loss and tinnitus associated with 
occlusion of the external auditory canal. Stapedectomy 
for a patient with otosclerosis in the absence of a signifi- 
cant sensorineural loss may alleviate his or her tinnitus. 
Decreased caffeine or aspirin intake may substantially 
improve or alleviate tinnitus in patients ingesting high lev- 
els of these substances. 

These rapid cures are not possible for the majority of 
patients presenting with the primary complaint of non- 
pulsatile tinnitus. Management options for these patients 
include hearing aids, tinnitus maskers, TRI, biofeedback, 
electrical or magnetic stimulation, pharmacotherapy, and 
cochlear implantation. 


Amplification 

The majority of patients with subjective tinnitus have a sig- 
nificant hearing loss. Use of a well-fitted hearing aid can 
improve subjective tinnitus in 50% of patients with hear- 
ing loss and tinnitus. Hearing aids increase the ambient 
noise perceived by the patient, thus masking the tinnitus 
(26). Additionally, restoration of auditory input within the 
lost frequencies, particularly those matching the frequency 
spectrum of the tinnitus, lead to central auditory plasticity, 
which can decrease tinnitus. Ideally, patients with bilateral 
subjective tinnitus should be fitted with bilateral hearing 
aids that include a wide, high-frequency amplification band 
and open ear mold. The open mold will decrease the occlu- 
sion effect, and extend amplification at higher frequencies. 
Ideal hearing aid settings for a patient with hearing loss and 
tinnitus would include an omnidirectional microphone, a 
lower compression point, disabled digital noise reduction, 
and active digital feedback cancellation (26). 


Tinnitus Masking 

Nonpulsatile and pulsatile tinnitus sounds can sometimes 
be covered (or masked) by external sounds, thus blocking 
the tinnitus percept and the unpleasant sensations asso- 
ciated with these sounds. To use this therapy effectively, 
the physician or therapist needs to exclude patients for 
whom the tinnitus cannot be masked, the masking sound 
is perceived as worse than the tinnitus sound, or the tin- 
nitus sound is tolerable as it is (27,28). For many patients, 
use of environmental sounds such as a noise generator or 
radio can effectively and inexpensively mask their tinnitus. 
However, in certain situations, use of such environmental 


sounds may not be appropriate. Use of an ear-level tinnitus 
masker, a small device that makes a sound matched to the 
tinnitus sound the patient perceives, yields total relief for 
6% of patients and partial relief for 23% to 64% of patients 
(27,29). The addition of masking tones to amplifications 
from a hearing aid can mask tinnitus sounds more effec- 
tively than a hearing aid alone (30). 

For most patients, masking sounds include many of the 
frequencies of their hearing loss (29). Occasionally, use of 
masking sounds can lead to residual inhibition, or cessa- 
tion of the tinnitus sound, for a period of seconds to hours 
(29). Residual inhibition is hypothesized to result from 
inhibition of synchronous activity within the auditory path- 
way from masking sounds that lie within the frequencies 
affected by hearing loss being presented above the minimal 
masking threshold (29). Some proponents of other thera- 
pies for tinnitus, particularly TRT, feel that tinnitus mask- 
ers may prevent habituation to the tinnitus perception and 
can therefore impede these patients’ ultimate recovery (31). 
Certainly, those who benefit from tinnitus maskers require 
ongoing use of the masker to manage their tinnitus, espe- 
cially if this is their sole treatment strategy (27,29). 


Tinnitus Retraining Therapy 

TRT is an effective management strategy for both subjective 
tinnitus and hyperacusis. TRT is based on the concept that 
habituation to the unpleasant stimulus can minimize the 
reactions that these patients experience (Fig. 161.4). Up to 
80% of patients experience tinnitus without a significant 
unpleasant association; and tinnitus severity is not equal 
to the intensity of the perceived stimulus. For patients with 
complaints of significant tinnitus, Jastreboff hypothesized 
that an initial link is made between the tinnitus percept 
and unpleasant limbic and autonomic reactions that lead 
to an unconscious linkage between the tinnitus sound and 
the reaction (31). Since habituation to unpleasant stimuli 
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Figure 161.4 Hypothesized neural network underlying tinnitus 
generation according to Jastreboff (30). This pathway forms the 
theoretical foundation for TRT. 
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occurs all the time, Jastreboff surmised that habituation to 
tinnitus perceptions can occur as well (Fig. 161.4). Unlike 
other therapies for tinnitus, TRT does not seek to reduce 
production of the tinnitus sound but instead attempts to 
change the linkage between the tinnitus perception and 
autonomic and limbic systems using extensive counsel- 
ing and sound therapy. Counseling attempts to reclassify 
tinnitus as a neutral stimulus and is felt to be necessary 
to allow habituation. Sound therapy decreases abnormal 
neural activity causing tinnitus and can also be an effective 
means to decrease hyperacusis via exposure and habitua- 
tion. Studies have shown that completion of a 12-month 
course of TRT can decrease scores on the Tinnitus Handicap 
Index, a validated scale of tinnitus severity, by up to 
80% (reviewed in [31]). 


Neuromonics 

Based on success with tinnitus maskers and counseling, 
investigators sought to incorporate both phenomena 
into treatment for tinnitus. The Neuromonics device uses 
sound therapy, extensive tinnitus education, and cogni- 
tive therapy to treat patients with tinnitus. Patients begin 
their therapy by listening to preprocessed mixed “calming 
music” (a combination of baroque and new age) com- 
bined with noise mixed by proprietary algorithm for 2 to 
4 hours daily. The sound spectrum of this noise is shaped 
according to patient's audiogram to compensate for hear- 
ing loss. Over 6 to 24 months, the noise sounds are gradu- 
ally decreased. The underlying rationale is that initial wide 
frequency stimulation will counter the auditory depriva- 
tion resulting from preexisting hearing loss, pleasant and 
calming sounds counter negative feedback from the lim- 
bic system, and matched tinnitus tones also incorporated 
into the program will lead to gradual desensitization (32). 
Following completion of therapy, up to 77% of patients 
report improvement of their tinnitus (33). 


Cochlear Implantation 

Up to 80% of cochlear implant recipients have moderate to 
severe tinnitus. All studies examining tinnitus in cochlear 
implant recipients show an improvement following unilat- 
eral multichannel implantation in most implantees (60% 
to 90%), with some recipients exhibiting improvement of 
contralateral tinnitus through residual inhibition (34-38). 
Some patients, however, experience new onset or increased 
severity of their tinnitus following cochlear implantation 
(34,35,39). Worsening of preexisting tinnitus and develop- 
ment of new-onset tinnitus is more common in the setting 
of bilateral cochlear implantation (40). 


Pharmacotherapy 

A wide variety of standard medications and herbal supple- 
ments have been used by patients to reduce or alleviate 
their tinnitus, including anesthetic agents (IV lidocaine), 
anticonvulsants, antidepressants, antihistamines, benzodi- 
azepines, diuretic, GABA agonists (Baclofen), Ginko biloba 
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extracts, histamine, steroids, and vitamins. Of these, only a 
few agents have been shown to be effective agents at con- 
sistently improving patients’ perceptions of their tinnitus: 
IV lidocaine, antidepressants, and steroids. 

Lidocaine, an amine-type local anesthetic and class 1B 
antiarrthymic drug, blocks voltage gated sodium channels 
and has effects on the firing of a number of other neuronal 
channels. Lidocaine suppresses tinnitus in 40% to 80% of 
patients. Sites of action are located in both the cochlea and 
CNS. Intravenous lidocaine may be effective up to 4 weeks 
following injection, despite an elimination half-time of 
90 to 120 minutes in most patients (41). Intratympanic 
injection of lidocaine is also effective for treatment of tin- 
nitus, but the high incidence of vestibular side effects limit 
its use (42). 

Antidepressants have been tested in a number of tri- 
als for the treatment of nonpulsatile tinnitus, including at 
least five double-blind placebo controlled studies (42,43). 
These studies are characterized by varying entry criteria, 
including the duration and severity of tinnitus, drug used, 
duration of its use, assessment of efficacy, and presence or 
absence of depression in trial participants. Often these tri- 
als were not assessed on an intention to treat basis. Drugs 
studied include nortriptyline, paroxetine, sertraline, and 
trimipramine. Overall, however, patients with anxiety, 
depression, and more severe tinnitus are more likely to 
benefit from use of these medications (42,44). 

Steroids, either intratympanic or orally administered, 
have been described as an effective method of control of 
tinnitus for patients with Meniere’s disease (42). However, 
the majority of trials of steroid therapy for Meniere’s dis- 
ease utilized control of vertigo as their primary outcome 
measure. In these trials, control of tinnitus was a secondary 
or tertiary outcome measure. Intratympanic steroids were 
shown to be ineffective for treatment of subjective tinnitus 
in a randomized control trial of 70 patients (45). 

A number of dietary supplements and vitamins have 
been used to treat tinnitus, including multivitamins (A, B1, 
B3, BG, BY, C, E, magnesium, manganese, selenium, and 
zinc), antioxidants (flavonoids, Coenzyme Q, carotenoids) 
and herbal remedies (ginko biloba, cimicifuga racemosa, 
cornus officinalis, verbascum desiflorum, yoku-kan-san). 
Although typically considered harmless, these supplements 
may have significant side effects and may interact with pre- 
scription medications. Typically, there is little evidence of 
efficacy, and often they can be costly (42). 


Microvascular Decompression 

Vascular compression of the vestibulocochlear nerve 
(CN VIII) as a cause of nonpulsatile or pulsatile tinni- 
tus is highly controversial. In 1975, Jannetta proposed 
that tinnitus, vertigo, and SNHL could be attributed to 
vascular compression of CN VIII from redundant loops 
of the anterior inferior cerebellar artery in the cerebello- 
pontine angle (46). Recent MRI studies documenting fre- 
quent, asymptomatic contact between a vascular loop and 
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Figure 161.5 Axial MRI using CISS demonstrates a left-sided 
vascular loop within the IAC (white arrow). 


CN VIII dispute the existence of this syndrome and cau- 
tion against microvascular decompression surgery (47). 
Nevertheless, reports of efficacious microvascular decom- 
pression of the vestibulocochlear nerve suggest surgical 
treatment of vascular loop syndrome may be useful for 
some patients (48,49). Vascular loops are best identified 
on MRI using constructive interference in the steady state 
(CISS) sequences (Fig. 161.5). 


Other Therapies 

A variety of other therapies have been successfully used for 
the treatment of nonpulsatile tinnitus in studies of small 
groups of patients. Neurofeedback strategies can decrease 
perception of tinnitus sounds in patients who are able to 
modulate their brain activity patterns (50). Both repetitive 
transcranial magnetic stimulation and transcranial direct 
current stimulation have been demonstrated to decrease 
perceived tinnitus intensity in study participants in double 
blind placebo control studies (51,52). 


PULSATILE TINNITUS 
Etiology 


There are numerous causes of pulsatile tinnitus. Arterial 
and venous etiologies are by far the most common. 
Vascular tumors of the temporal bone, such as tympanic 
and jugular paragangliomas, vascular malformations, 
dehiscent jugular bulb, jugular diverticula, and vascular 
loops of the internal auditory canal (IAC) can present with 
unilateral pulsatile tinnitus. Nonvascular etiologies include 
palatal or middle ear myoclonus, dehiscent semicircular 
canal (superior, lateral, or posterior), benign intracranial 


TABLE 
161.3 ETIOLOGIES OF PULSATILE TINNITUS 


Vascular Developmental ETD 
Venous Jugular bulb Paget disease 

anomalies 

Idiopathic intra- Otitis media 
cranial HTN 

Dural venous Infectious Serous otitis 
sinus aneurysm media 

Condylar/mastoid Glomus tumors 
vein anomalies 

Transverse/ Neoplastic Hemangiomas 
sigmoid sinus Intracranial 
stenosis tumors 

Arterial Atherosclerosis Misc. SSC dehiscence 

Dural AVM Otosclerosis 

Carotid artery Palatal/M.E. 
anomalies myoclonus 

Vascular 
compression 

Aneurysm 

Hyperdynamic 
flow state 


AVM, arteriovenous malformations; ETD, Eustachian tube dysfunction; 
HTN, hypertension; ME, middle ear; SSC, semicircular canal. 


hypertension, otosclerosis, middle ear effusion or ossicu- 
lar abnormalities, temporomandibular joint dysfunction, 
and patulous ET (Table 161.3). However, for a substantial 
percentage of patients with pulsatile tinnitus, a definite 
etiology cannot be identified despite thorough evaluation. 
Following a brief section on diagnostic evaluation, we dis- 
cuss individual etiologies of pulsatile tinnitus and their 
corresponding treatment options. 


DIAGNOSTIC EVALUATION 


Patients with complaints of tinnitus should have a behav- 
ioral audiogram including air and bone conduction with 
appropriate masking, speech discrimination testing, 
immittance testing including tympanograms and acoustic 
reflex testing. VEMP should be considered when a semicir- 
cular canal dehiscence (SCD) is suspected. VNG- or elect- 
ronystagmography (ENG), and quantitative measurement 
of middle ear compliance should be employed in circum- 
stances warranting these tests (53). 

A variety of imaging techniques, including carotid 
Doppler ultrasonography or duplex scan, computed 
tomography (CT), CT angiography (CTA), MRI, MR angi- 
ography (MRA), MR venography (MRV), and the use of 
four-vessel angiography, have a role in the evaluation of 
pulsatile tinnitus. Despite combined testing with a variety 
of these imaging modalities, definitive diagnosis of the eti- 
ology underlying pulsatile tinnitus is possible in only 68% 
to 72% of patients (4,54,55). 


Chapter 161: Tinnitus and Hyperacusis 2605 


Retrotympanic 
mass or normal 
otoscopic exam 


Prrrrrrrerrrertri rs 
: : 


} Idiopathic }  yressesseebeeeesene 
$ intracranial ? : Vascular 
hypertension: : neoplasm, : 
Bisesnoseaannaueses 3} jugular bulb ? 


iabnormalities,; p—H—_g----- 


H SSCD, osseus } 
: dystrophies : 


5 Dural AVF 3 


$ : 
Meerereeereeseseee 


Pulsatile tinnitus 


palatal or 
tympanic 
membrane 
fibrillations 


Audible peri- 
auricular or 
mastoid bruit 


: Middle ear or 
palatal 
myoclonus 


Seeeeeeceeereset 


Figure 161.6 Algorithm for evaluation of pulsatile tinnitus. Modified from Mattox (4). AVF, arterio- 
venous fistula; AVM, arteriovenous malformation; CTA, computed tomography angiography; MRA, 
magnetic resonance angiography; MRI, magnetic resonance imaging. 


Many algorithms have been formulated to guide use 
of radiologic testing. Mattox and Hudgins (4) (2008) 
proposed an algorithm based on patient symptoms and 
physical exam findings (Fig. 161.6). Patients with a visible 
vascular mass on otoscopic microscopy or a family history 
of paraganglioma should undergo CT of the temporal bone 
with intravenous contrast (Fig. 161.7). Patients with a nor- 
mal middle ear exam and an audible vascular neck bruit 
should first undergo carotid Doppler ultrasonography or a 
CTIA of the neck to assess for carotid atherosclerotic disease. 
Patients with suspected arterial vascular disease should still 
be evaluated with radiologic imaging despite a negative 
neck exam, because hemodynamically significant stenoses 
may be present without audible vascular bruits (4). Initial 
evaluation with CTA of the neck and temporal bones is 
also appropriate in patients whose tinnitus is modified by 
moderate neck compression suggesting a venous etiology. 
CTIA allows evaluation of both arterial and venous vascu- 
lature as well as the fine bony structure of the temporal 
bone, allowing diagnosis of anatomic abnormalities such 
as dehiscent jugular bulb in addition to vascular etiologies. 
Patients presenting with symptoms of pulsatile tinnitus 
and autophony suggesting a diagnosis of SCD or patulous 
ET should be evaluated with high resolution, noncontrast 
CTI of the temporal bone with images reformatted in cor- 
onal and Poschel’s and Stenver’s views (56) (Fig. 161.8). 
Primary use of MRA/MRV in the evaluation of patients with 
pulsatile tinnitus has fallen from favor as both the vascular 
and bony anatomy of the temporal bone is superior with 
CTI angiography, although these tests still have a role in the 
evaluation of patients who are unable to receive or refuse 


iodinated contrast (4,57). Because CTA is unable to identify 
small dural arteriovenous malformations (AVMs), negative 
CTA studies may be followed by four-vessel angiography 
(4,54,55). Use of four-vessel angiography does not guaran- 
tee diagnosis, however, and should be used judiciously due 
to the risks of the procedure. In a study of 54 patients with 
pulsatile tinnitus, 44 were definitively diagnosed on CTA. 
Out of the 10 patients with negative CTAs, the four-vessel 
angiogram identified the definitive diagnosis (carotid dis- 
section) in only 1 patient. In obese patients presenting 
with pulsatile tinnitus, some authors advocate for MRI as 
the initial imaging study to assess for presence of benign 
intracranial hypertension (pseudotumor cerebri) (4). 


Vascular Anomalies 


Abnormalities of the intracranial venous system are the 
most common radiologic finding in patients with pulsatile 
tinnitus and a normal middle ear exam. The most com- 
monly reported anomalies are high or dehiscent jugular 
bulbs and sigmoid sinus diverticula (Fig. 161.9). Cervical 
atherosclerotic disease is the most common arterial etiol- 
ogy of pulsatile tinnitus (4,5,54,55). 


Anomalies of the Jugular Bulb 

Jugular bulb anomalies, including dehiscent high-riding 
jugular bulbs and jugular bulb diverticula, are frequently 
associated with tinnitus of venous origin (Fig. 161.9). 
Anatomically, the jugular bulb represents the junction 
between the proximal internal jugular vein and the sig- 
moid sinus at the skull base. High-riding jugular bulbs 
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Figure 161.7 Left-sided glomus jugulare (white arrows) demon- 
strated by coronal reformatted CT (A), coronal contrast-enhanced 
MRI (B), and external carotid angiography (C). 


Figure 161.8 Coronal reformatted CT shows right superior SCD 
(white arrowhead). 


are defined as extending above the tympanic annulus or 
rising to within 2 mm of the floor of the IAC (58,59). 
Jugular bulb diverticula represent an outpouching of 
the vessel wall into the middle ear, mastoid, or petrous 
apex. Estimates of the incidence of jugular bulb anoma- 
lies range from 4% to 20% (59,60). These anomalies may 
be acquired rather than congenital, as the jugular bulb 
does not develop until after 2 years of age. While the exact 
pathogenesis remains unknown, development of jugular 
bulb anomalies appear to be related to venous blood flow 
dynamics (58). 
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In some cases, a smooth, convex, blue mass can be visu- 
alized on otoscopy. Tinnitus of venous origin often wors- 
ens with Valsalva and decreases with compression of the 
ipsilateral internal jugular vein in the neck. Abnormalities 
of the jugular bulb are best visualized on high-resolution 
bone algorithm CT scans of the temporal bone (4,54,59,61) 
(Fig. 161.9). 

Management options for symptomatic jugular bulb anom- 
alies range from observation to surgical or endovascular inter- 
vention. Published reports describe successful improvement 
or elimination of pulsatile tinnitus with middle ear floor 
reconstruction, jugular vein ligation, and endovascular coil 
embolization; however, significant side effects associated with 
these interventions (notably benign intracranial hyperten- 
sion) have limited their widespread application (60,62-64). 


Sigmoid Sinus Diverticulum 

Sigmoid sinus diverticula account for approximately 20% 
of cases of pulsatile tinnitus originating from a venous 
source (4,65). While the exact pathophysiology and patho- 
genesis remain unknown, it is hypothesized that turbulent 
blood within the sigmoid sinus may lead to erosion of the 
overlying mastoid bone with development of a venous 
diverticulum. As with other abnormalities of the jugular 
bulb, diverticula of the sigmoid sinus are best visualized 
on CT or CTA/Venography. Successful elimination of pulsa- 
tile symptoms has been reported with transmastoid recon- 
struction of the sigmoid wall and with endovascular coil 
embolization and stenting. In these cases, obliteration of 
the diverticulum was accomplished without thrombosis or 
occlusion of the sigmoid sinus lumen (65-67). 


A 


Figure 161.9 Jugular bulb anomalies associated with pulsatile tinnitus, as demonstrated on coro- 
nal CT of the temporal bones. Dehiscent jugular bulb (white arrow) (A) and a diverticulum (white 
arrow head) of the jugular bulb (B) from two different patients. 
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Dural Arteriovenous Malformation/Fistula 

Dural arteriovenous fistulae (AVF) or AVMs are the most 
common cause of objective pulsatile tinnitus in the set- 
ting of a normal otoscopic exam (54,61,68) (Fig. 161.10). 
Dural AVM/F constitute 10% to 15% of all intracranial vas- 
cular malformations and typically occur along the intracra- 
nial venous sinuses, most often the transverse and sigmoid 
sinuses (68). AVM/F may be congenital or acquired, with 
symptoms precipitated by trauma, infection, puberty, 
or pregnancy (69). Depending on the location, size, and 
drainage pattern, patients may be clinically asymptom- 
atic or present with pulsatile tinnitus, headache, neuro- 
logic compromise, or intracranial hemorrhage (68). These 
abnormal connections between dural arteries and venous 
sinuses may not be readily detectable. CT or MRI imaging 
and four-vessel angiography is often required for diagnosis 
(4,54,70). Management decisions are multifactorial and 
must incorporate the severity of the presenting symptoms, 
anatomic characteristics of the lesion, and the patient’s age 
and comorbidities. Treatment modalities include endo- 
vascular embolization, surgical excision of the fistula and 
gamma knife radiosurgery (68,69,71-73). 


Atherosclerotic Carotid Artery Disease 

Many patients with tinnitus have at least one risk factor for 
atherosclerosis. Pulsatile tinnitus may be the first manifes- 
tation of atherosclerotic carotid artery disease (61,74,75). 
Tinnitus may result from impairment of the inner ear 
microcirculation due to atherosclerotic disease or from the 
referred sound of turbulent flow through sclerotic carotid 
arteries. Physical exam of a patient with tinnitus should 
always include bilateral auscultation of the neck; how- 
ever, not all hemodynamically significant stenoses lead to 
audible bruits. A variety of imaging modalities can identify 


Figure 161.10 Common carotid angiogram in lateral projection 
demonstrates a dural arteriovenous fistula (arrow). 


clinically significant atherosclerotic disease. Specifically, 
atherosclerotic plaques can be seen on ultrasonography, 
duplex scan, contrast-enhanced CT, CTA, MRI, and MRA; 
duplex scan also allows visualization of turbulent flow 
and increased thickness of the carotid wall (61,75,76). 
Symptoms of pulsatile tinnitus resulting from significant 
carotid stenoses typically resolve following carotid endar- 
terectomy or intravascular stenting (77,78). Intravascular 
turbulence due to a torturous carotid artery may also yield 
a bruit. Distinction between this benign entity and signif- 
icant carotid stenosis should be made with duplex scan, 
potentially followed by CTA or MRA as necessary. 


Congenital Carotid Anomalies 

Congenital anomalies of the intratemporal carotid artery, 
specifically an aberrant carotid artery or a persistent stape- 
dial artery, may result in pulsatile tinnitus. In rare cases, 
the intrapetrous carotid artery is replaced by an enlarged 
inferior tympanic artery (a branch of the ascending pha- 
ryngeal). Rather than entering the skull base through the 
inferior tympanic canaliculus, the inferior tympanic artery 
anastomoses with the caroticotympanic artery in the mid- 
dle ear where it is visible as a pulsating, erythematous 
mass. The aberrant carotid then resumes its course through 
the intrapetrous carotid canal. A dehiscent anatomically 
normal carotid artery may also present with pulsatile tin- 
nitus and a pulsating middle ear mass (61). 

Persistence of the normal fetal stapedial artery can occur 
in the presence of a normal or aberrant carotid artery. The 
stapedial artery crosses the stapes footplate through the 
obturator foramen, passes across the cochlear promon- 
tory and exits the middle ear adjacent to the geniculate 
ganglion. In the presence of a persistent stapedial artery, 
neither the middle meningeal artery nor the foramen spi- 
nosum develop, as stapedial arteries supply the territory of 
the middle meningeal artery. While the caliber of the sta- 
pedial artery is typically too small for resolution on MRI, 
thin cut CT allows identification of the middle ear mass, 
enlargement of the geniculate facial canal and absence 
of the foramen spinosum (61,76,79). Ligation, either via 
direct surgical obliteration or embolization, must be pre- 
ceded by angiography to delineate any intracranial terri- 
tory supplied by the persistent stapedial artery and ensure 
there is redundant blood supply to that region. Due to the 
potentially devastating consequences of intracranial isch- 
emia and bleeding, treatment is rarely pursued (80). 


Other Vascular Abnormalities and Malformations 

Carotid-cavernous fistulas (CCF) can be high-flow, direct 
communications between the internal carotid artery and 
the cavernous sinus or low flow dural-based fistulae, the 
latter of which are minimally symptomatic. Direct CCFs 
classically present with chemosis, proptosis, ophthalmo- 
plegia, and diplopia. Low-flow dural CCFs manifest with 
headache, isolated cranial nerve palsies and pulsatile tin- 
nitus (81). Sudden onset of pulsatile tinnitus has also been 


reported with direct CCFs, most commonly as the primary 
presenting symptoms of spontaneous or posttraumatic 
CCFs (81,82). 

Intracranial and extracranial aneurysms, including dila- 
tion of the intratemporal petrous carotid, vertebral artery 
and basilar artery in the cerebellopontine angle cistern, may 
present with pulsatile tinnitus. Spontaneous dissection of 
the internal carotid artery can also present with pulsatile 
tinnitus, as well as the more common symptoms of pain, 
cerebral ischemia, Horner’s syndrome and intracranial 
hemorrhage (Fig. 161.11). Although fibromuscular dyspla- 
sia of the internal carotid artery most commonly presents 
with cerebral ischemia, it may also manifest as pulsatile tin- 
nitus (83). These vascular abnormalities are best diagnosed 
with MRA or CTA. Vascular anomalies may require urgent 
or emergent management depending on the severity of 
symptoms at presentation. Acute interventions are aimed 
at reducing intracerebral ischemia and restoring arterial 
blood flood. Treatment options range from conservative 
management with anticoagulation and/or antiplatelet 
therapy to operative intervention (endovascular [intra- 
luminal dilation or stenting] or surgical resection- 
anastomosis, endarterectomy or vessel reconstruction) 
(84-86). 

Other vascular anomalies and atypical flow states can 
cause pulsatile tinnitus. Venous anatomic abnormalities 
have also been associated with pulsatile tinnitus includ- 
ing dural venous sinus aneurysm, dilated mastoid or con- 
dylar emissary veins, and stenosis of the dural sinuses, 
specifically of the transverse or sigmoid sinuses (87,88). 
Hyperdynamic states leading to increased cardiac output 


Figure 161.11 CT angiogram of the skull base shows a small, 
irregular left internal carotid artery (arrowhead) indicating internal 
carotid artery dissection. 
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can cause pulsatile tinnitus. These states include anemia, 
thyrotoxicosis, and pregnancy. Treatment of the underly- 
ing pathology and decrease in cardiac output will typically 
cure the tinnitus (5). 


Vascular Neoplasms 


Paragangliomas 

Paragangliomas, or glomus tumors, are the most common 
vascular tumor of the temporal bone. Believed to arise 
from paraganglia on the cochlear promontory surround- 
ing Jacobson’s nerve (glomus tympanicum) or from the 
adventitia of the jugular bulb within the jugular foramen 
(glomus jugulare), these highly vascularized tumors typi- 
cally present with pulsatile tinnitus (89,90). On otomi- 
croscopy, a reddish, pulsatile mass is visualized medial 
to the tympanic membrane. Histologically, paraganglio- 
mas are composed of chief cells and supporting susten- 
tacular cells surrounded by rich capillary network. Chief 
cells are neuroendocrine-derived chemoreceptor cells that 
contain neurosecretory granules capable of clinically sig- 
nificant catecholamine secretion, although this is rare 
(1% to 2% of patients) (91). Although histologically benign, 
rare malignant forms have been characterized by the pres- 
ence of nodal or distant metastases (91). The vascular sup- 
ply to paragangliomas of the temporal bone commonly 
originates from the external carotid system, specifically the 
ascending pharyngeal and occipital arteries, although it 
can also arise from the internal carotid (caroticotympanic 
branches of the intrapetrous carotid) or the vertebrobasilar 
system (posterior—inferior cerebellar artery). 

Approximately 80% of paragangliomas are sporadic. 
The remainder are inherited in an autosomal dominant 
fashion, sometimes with maternal imprinting, are more 
likely to be multifocal, and present at an earlier age (91-93). 
A number of mutations in subunits of mitochondrial 
succinate dehydrogenase (SDHB, SDHC, and SDHD), 
which plays a critical role in the mitochondrial electron 
transport chain, have been identified in these families 
(94,95). Genetic testing is now available to identify the 
presence of these mutations in patients at high risk for 
familial inherited paraganglioma (91). 

A variety of staging systems are currently employed for 
characterization of temporal bone paragangliomas, includ- 
ing those ascribed to Fisch, Glasscock-Jackson, and de la 
Cruz. Each attempts to characterize the tumor’s locore- 
gional extent by assessing its relationship to surrounding 
neurovascular, intracranial, and temporal bone structures 
(96-98). The size and extent of tumor can be staged based 
on radiologic imaging. Debate exists regarding the most 
appropriate initial imaging modality, although both 
CT and MRI are typically employed in diagnosis (Fig. 161.7). 
Erosion of the jugular foramen is best visualized on high- 
resolution CT (HRCT) of the temporal bone. Compared 
with CT, MRI is superior in evaluating tumor vascularity 
as paragangliomas enhance intensely with gadolinium. 
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On MRI, flow voids within the tumors are characterized by 
their “salt and pepper” appearance, although this feature can 
be missing in smaller paragangliomas (61). Additionally, 
MRI provides better evaluation of tumor extension and 
multicentricity (99). MRA can be used preoperatively to 
identify tumor vascular supply, while MRV can evaluate 
the patency of the jugular bulb, jugular vein, sigmoid and 
transverse sinuses. Sensitivity and specificity between MRA 
and standard four-vessel digital subtraction angiography 
are comparable at 90% and 92% respectively (99). Unlike 
four-vessel angiography, however, MRA does not afford the 
opportunity for preoperative tumor embolization. 

Treatment options for temporal bone paraganglio- 
mas include observation, radiation therapy, and sur- 
gery. Currently, management decisions are based on a 
variety of factors, including tumor size and location, as 
well as patient age, comorbid conditions and preference. 
Surgical control rates average 80% to 95% (90,100-103). 
While surgical excision of glomus tympanicum tumors 
can be accomplished with little morbidity, removal of a 
glomus jugulare can risk function of CN VIL, IX, X, and XI. 
Postoperative dysfunction of the lower cranial nerves 
within the jugular foramen as well as the facial nerve and 
sequelae resulting from ligation of the jugular vein may be 
significant. Both standard fractionated radiotherapy and 
gamma knife stereotactic radiation have been employed 
as primary treatment as well as adjuvant therapy follow- 
ing subtotal surgical resection or recurrence of glomus 
jugulare (101,102). Although associated with inhibition 
of tumor growth in greater than 90% of patients, radia- 
tion therapy is not always associated with a reduction in 
preoperative symptoms when used as a single modality 
(104-106). 


Hemangiomas 

Temporal bone hemangiomas, including facial nerve and 
cavernous hemangiomas, are rare vascular tumors of the 
temporal bone that can occasionally be associated with 
pulsatile tinnitus. Facial nerve hemangiomas are most 
commonly located at the geniculate ganglion, but can 
also be localized to the IAC. On imaging, facial heman- 
giomas are best diagnosed by their punctuate bone opaci- 
ties and stippled appearance on bone algorithm CT scan. 
Cavernous hemangiomas are located predominately in the 
middle ear and can resemble a glomus tympanicum on 
both physical exam and radiologic imaging. 


Nonvascular Etiologies 


Idiopathic Intracranial Hypertension 

Idiopathic intracranial hypertension (IIH), also known as 
benign intracranial hypertension or pseudotumor cerebri, 
is increased intracranial pressure (ICP) in the absence of 
obstructive hydrocephalus or other identifiable intracranial 
pathology and normal sized or small symmetric ventricles, 
normal cerebrospinal fluid (CSF) studies and CSF pressure 


greater than 200 mm H,O. Most common in young, obese 
women, symptoms of IIH include headache, papilledema, 
and visual disturbances, pulsatile tinnitus, hearing loss, 
and vestibular abnormalities. These symptoms may present 
individually or in combination. The pathophysiology of 
pulsatile tinnitus in I[H is currently unknown. Potentially, 
increased ICP compresses the intracranial venous sinuses, 
creating turbulence in normally laminar blood flow that 
may lead to unilateral or bilateral pulsatile tinnitus (107). 
Alternatively, stretch or edema of the vestibulocochlear 
nerve (CN VIII) resulting from increased ICP may account 
for pulsatile tinnitus (107,108). Transmission of increased 
pressure to the perilymph through the cochlear aqueduct 
leading to increased stiffness of the basilar membrane has 
also been implicated in the pathophysiology of tinnitus 
in HH (5,107). Treatment options for IIH include lifestyle 
modifications, particularly weight loss, as well as medical 
and surgical reduction of increased ICP. Acetazolamide, 
corticosteroids, and diuretics have been shown to improve 
tinnitus resulting from IIH (109). Surgical intervention can 
include CSF diversion procedures or bariatric surgery for 
weight loss. Both are effective in reducing ICP and improv- 
ing tinnitus symptoms (109,110). 


Semicircular Canal Dehiscence 

Initially described by Lloyd Minor in 1998 for the superior 
semicircular canal, SCD syndrome results from a deficiency 
in the bony covering overlying one of the semicircular 
canals (111) (Fig. 161.8). Canal dehiscence syndrome is 
associated with a variety of auditory and vestibular mani- 
festations, including sound or pressure-induced vertigo 
(111,112). Up to 50% of patients with superior SCD com- 
plain of pulsatile tinnitus; patients with posterior canal 
dehiscence resulting in contact between contents of the 
posterior canal and the jugular bulb or sigmoid sinus may 
also lead to pulsatile tinnitus (113,114). The diagnosis 
relies on history, HRCT imaging, preservation of the ipsi- 
lateral stapedial reflex, and a lower VEMP in the affected 
ear (112,115,116). Management options include observa- 
tion or surgical correction of the dehiscence by plugging or 
resurfacing the dehiscence (116). 


Palatal and Middle Ear Myoclonus 

Pulsatile tinnitus can arise from palatal or middle ear myoc- 
lonus and may be either subjective or objective. Although 
both conditions are rare, palatal spasm is more common 
than middle ear myoclonus and has been reported in both 
adults and children (117-121). Muscle spasm of the leva- 
tor veli palatini or tensor veli palatini cause ET opening 
leading to tinnitus, which can be subjective or objective. 
The etiology of palatal myoclonus is unknown, but has 
been hypothesized to localize to the upper brainstem in 
the Gillian-Mollaret triangle (120). Two forms have been 
described: symptomatic and essential. The former is marked 
by intrinsic brainstem or cerebellar disease while the latter 
(more common) form is characterized by the absence of 


visible intracranial pathology on imaging (117,120). The 
diagnosis is made by visualization of a rhythmic tremor 
of the soft palate, which often requires flexible nasopha- 
ryngoscopy (119). Children with palatal myoclonus have 
a benign clinical course with frequent spontaneous resolu- 
tion (117). Treatment options include observation, mask- 
ing techniques, muscle relaxants, ET occlusion, and local 
injection of botulinum neurotoxin A (Botox) (120-124). 
Use of oral anticonvulsant therapy for these patients has 
generally been abandoned due to minimal efficacy and sig- 
nificant side effects (119,120,129). 

Middle ear myoclonus can arise from spontaneous 
spasm of the tensor tympani or stapedius muscles. On 
examination, periodic movements of the tympanic mem- 
brane often can be visualized with otomicroscopy and may 
be recorded with immittance testing or tympanometry. 
Occasionally, these spasms can produce objective tinnitus. 
Although typically unilateral, bilateral myoclonus of the 
tensor tympani and stapedius muscles have been reported 
(125,126). Treatment options include observation, mask- 
ing techniques, lysis of the stapedial or tensor tympani ten- 
don, and use of Botox on pledgets placed into the middle 
ear (126-128). Stapedius myotomy has had similar suc- 
cess; however, common side effects include both hyperacu- 
sis and phonophobia (126,127,129). 


Patulous Eustachian Tube 

Pulsatile tinnitus arising from a patulous ET originates 
outside the auditory pathway. Normally closed in the 
resting position, a patulous ET leads to symptoms of 
autophony, aural fullness and, in some cases, pulsa- 
tile tinnitus. Patulous ET can result from weight loss 
following bariatric surgery or diuresis for treatment of 
congestive heart failure, pregnancy, hormonal therapy, 
nasopharyngeal scarring/ atrophy from radiation or sur- 
gery, rheumatologic disorders, allergic disease, and cranio- 
facial abnormalities. Approximately one-third of cases are 
idiopathic (113,130,131). Diagnosis can be challenging 
and typically depends on history. Endoscopic visualization 
of a longitudinal scaphoid defect in the anterolateral wall 
of the cartilaginous lumen can also be helpful in diagno- 
sis (113,131). This defect may also be seen on CT and is 
believed to be the source of tubal incompetency in symp- 
tomatic patients. A variety of medical treatment options 
have been proposed, including weight gain, discontinu- 
ation of decongestants and steroid nasal sprays, mucous 
thickening agents, and nasal estrogen drops. Surgical inter- 
ventions include myringotomy and tube insertion, endo- 
scopic peritubal augmentation of ET valve, and surgical 
closure of the ET lumen (113). 


Other Nonvascular Etiologies 

Osseous dystrophies of the temporal bone can cause pul- 
satile tinnitus. Otosclerosis is an osseous dysplasia of the 
inner ear that leads to stapedial fixation with resulting 
conductive hearing loss. Cochlear otosclerosis can result 
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in SNHL. The etiology of pulsatile tinnitus resulting from 
otosclerosis is unknown, but is likely related to inflamma- 
tion and/or increased osseous vascularization as abnormal 
foci of vascular Haversian bone replace the normal endo- 
chondral layer of the otic capsule (132). Both pulsatile and 
nonpulsatile tinnitus may be one of the many manifesta- 
tions of Paget disease of the temporal bone. Pulsatile tin- 
nitus resulting from Paget disease is thought to arise from 
abnormal bony metabolism and prevalence of intraosse- 
ous arteriovenous shunts (61,133). 

Abnormalities of the middle ear and tympanic mem- 
brane can be found in patients with pulsatile tinnitus, and 
successful management of these underlying conditions can 
resolve tinnitus in these patients. Serous otitis media can 
frequently cause pulsatile tinnitus, due to amplification 
of cardiac sounds by the occlusion effect induced by fluid 
within the middle ear space. Similarly, chronic otitis media 
can yield pulsatile tinnitus. Other anomalies of the middle 
ear, such as tympanic membrane perforation and ossicular 
chain abnormalities may be associated with patient com- 
plaints of pulsatile tinnitus. The clicking sounds that some- 
times accompany temporomandibular joint dysfunction 
may also lead to rhythmic auditory precepts that can be 
interpreted as pulsatile tinnitus (4). 

Finally, pulsatile tinnitus may be a rare manifestation 
of intracranial pathology, such as intraventricular cavern- 
ous hemangiomas and cerebellopontine angle pathology 
(including vestibular schwannomas and meningiomas) (5). 


= Complaints of tinnitus should be divided into 
subjective versus objective and nonpulsatile versus 
pulsatile categories to facilitate diagnosis and man- 
agement. 

m All patients with tinnitus should have a complete 
audiogram as part of their evaluation. Imaging and 
other studies may be indicated based on findings on 
history and physical examination. 

m Nonpulsatile tinnitus can result from a variety of 
causes, including SNHL, CHL, ingestion of stimu- 
lants, head trauma, and psychiatric disease. When 
possible, treatment of the underlying cause can alle- 
viate tinnitus. 

=m When etiology-specific management of nonpulsa- 
tile tinnitus fails or is not possible, nonspecific man- 
agement of tinnitus should be attempted. 

= Pulsatile tinnitus can be generated by a variety of 
arterial and venous causes, vascular tumors, fluid 
within the middle ear, otosclerosis, and tumors of 
the IAC. In up to one-third of these cases, no etio- 
logic agent will be identified. 

= Treatment of the underlying cause of pulsatile tinni- 
tus, when possible, can resolve this complaint. 
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Aging and the Auditory 
and Vestibular System 


Joe Walter Kutz Jr. 


The geriatric population is the fastest growing segment 
of the population of all industrialized nations, including 
the United States. As life expectancy increases and health 
care costs rise, the medical profession will be challenged 
to provide cost-effective quality care. A recent report by the 
Institute of Medicine (IOM) predicted the percentage of 
Americans older than 65 will increase by 20% and dou- 
ble in number from 35 million to 71 million by the year 
2030 (1). Since age-related hearing loss is the fourth most 
common reason patients over 65 years old seek medical 
care and vestibular dysfunction is common in the older 
population, there is going to be a substantial increase in 
the number of outpatient visits for otologic conditions. A 
recent study by Lin and Bhattacharyya (2) predicted a 30% 
increase in annual visits to otolaryngologists for otologic 
diagnoses by 2020. Understanding and treating disorders 
of the aging auditory and vestibular systems will be more 
essential than ever for the otolaryngologist. 

Greater than 40% of patients older than 65 years have 
a hearing loss that significantly impairs communication 
and leads to a decrease in quality of life (3). Loss of hear- 
ing negatively affects social interaction, leading to progres- 
sive isolation and withdrawal. In addition, high-frequency 
warning sounds such as alarms and signals may not be 
heard, resulting in potential harm. Although hearing loss 
in the geriatric population is often due to presbycusis, 
other causes should be sought. 

Dizziness is the most common presenting complaint in 
patients 75 years or older and typically affects women more 
than men (4). Balance disturbances contribute to functional 
decline in the elderly. Postural stability and gait involves the 
complex integration of the visual, proprioceptive, somato- 
sensory, and vestibular signals. Pathology in any of these 
systems can cause dizziness and, more importantly, increase 
the incidence of falls. It is estimated that approximately 40% 
of older adults living in the community have at least one 
fall per year. In a study by the Centers for Disease Control 
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(CDC), 62% of injuries presenting to the emergency depart- 
ment in patients older than 65 years were a direct result of 
a fall (5). A hip fracture is a common serious injury result- 
ing from a fall and often leads to serious long-term conse- 
quences. Only 50% of elderly patients can return home or 
return to normal activity after a hip fracture (6,7). 

The differential diagnosis for dizziness is extensive, 
sometimes making the evaluation laborious and difficult. 
However, 90% of the causes of dizziness can be placed in 
one of seven categories (Table 162.1). One recent study eval- 
uating the cause of dizziness in 677 elderly patients identi- 
fied benign paroxysmal positional vertigo (BPPV) in 42%, 
idiopathic vestibulopathy in 20%, migraine-associated diz- 
ziness in 13%, Meniere disease in 12%, and an acute vestib- 
ular attack in 6%, and 7% contributed to other causes (8). 


Auditory Dysfunction 


All of the usual cases of hearing loss can affect the elderly 
(Table 162.2). These disorders are addressed elsewhere in 
this textbook. With the exception of conductive loss asso- 
ciated with aging as described by Schuknecht, conductive 
hearing loss in the elderly population has the same differ- 
ential diagnosis as in younger individuals. 

Anatomic changes that affect hearing and balance occur 
because of physiologic aging. One such example involves 
the production of cerumen. Cerumen consists of desqua- 
mated epithelium mixed with the sebum produced from 
sebaceous glands and the watery secretions of modified apo- 
crine sweat glands. Modified apocrine sweat glands atrophy 
with age. Without the watery component, cerumen becomes 
drier, harder, and less likely to be moved out the external 
auditory canal (EAC) by the canal’s normal transport and 
cleansing mechanism. The tragi hairs found in adult males 
become coarser, larger, and more prominent with age. Their 
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Peripheral vestibular disorders 


Cardiovascular disorders 
Multisensory dizziness 


Brainstem cerebrovascular disease 


Neurologic disorders 
Psychiatric disease 


Hyperventilation syndrome 


TABLE 


162.2 


presence can prevent the natural dislodgement of cerumen 
from the EAC, contributing to the increased incidence of 
cerumen impaction in the elderly male. 


Presbycusis 


The auditory system’s durability is determined by genetic 
resistance and the cumulative imposed physical stress. 
Genetically mediated hearing loss can be difficult to dis- 
tinguish from presbycusis. The ability to differentiate hear- 
ing loss caused by defective genetic material is increasing 


Méniére disease 


Luetic hearing loss 
(late-acquired 
syphilis) 


Paget disease 


Hypothyroidism 


Ototoxic drugs 


Hereditary progressive 
SNHL 


Noise-induced hearing 
loss 


Head trauma 


Cochlear otosclerosis 
and far-advanced 
clinical otosclerosis 


Episodic attacks of fluctuant SNHL, 
vertigo, tinnitus, aural fullness or 
pressure; bilateral in 20%-30% of 
cases 


Often bilateral SNHL with no characteris- 
tic audiometric pattern; speech discrimi- 
nation score often worse than would be 
predicted on basis of pure-tone thresh- 
olds; often associated with vestibular 
symptoms; may mimic Méniére disease 

Slowly progressive SNHL and CHL; SNHL 
worse in high frequencies; maximum 
CHL of 20-30 dB at 500 Hz 


Slowly progressive SNHL affecting all 
frequencies daily 


Hearing loss with or without vestibular 
dysfunction following treatment with 
known ototoxic drug 

Progressive SNHL beginning at earlier 
age than expected for presbycusis; 
possible positive family history 

History of prolonged exposure to loud 
continuous noise or brief exposure to 
loud impulse noise 


Severe head injury often resulting in loss 
of consciousness and bilateral temporal 
bone fractures 

Far-advanced clinical otosclerosis (stapedial 
fixation) and cochlear otosclerosis; SNHL 
may appear on audiogram as severe to 
profound SNHL; patient will have good 
speech modulation (unlike in profound 
SNHL) and will be wearing or will have 
worn a bone conduction hearing aid; 
possibly a family history of otosclerosis 


History of typical attacks with 
symptom-free intervals; 
hearing loss involves low 
tones initially and later all 
frequencies, rule out neuro- 
syphilis 


Positive FTA-ABS test, with 
or without clinical history of 
syphilis 


Skeletal deformities of skull 
and long bones of extremi- 
ties, elevated serum alkaline 
phosphatase and urinary 
hydroxyproline 

Usual clinical stigmata of 
hypothyroidism; decreased 
serum T, 

History 


Family history 


History; characteristic audiogram 
with maximum hearing loss at 
4,000 Hz; may not be distin- 
guishable from presbycusis 

History 


History is suggestive but 
surgical exploration 
of stapes footplate is 
diagnostic and therapeu- 
tic; poststapedectomy 
patient may be able to wear 
ear-level hearing aid with 
good results 


Medical 
Diuretics and low-salt diet 

Surgical 

Decompression or shunt of 
endolymphatic sac; section of 
vestibular nerve. 

Penicillin and oral steroids 


Calcitonin 


Desiccated thyroid or Synthroid 
mixture of T, and T, 


None 


None 


None; use of ear protectors 
may prevent further loss from 
noise exposure 


None 


Stapedectomy, sodium fluoride 


The hearing loss from any of these diseases may be improved with hearing aids unless it is of such a degree that hearing aids will be inadequate 
or unsatisfactory. Individuals with bilateral profound SNHL may be candidates for cochlear implant and should be evaluated by an otologist to 

determine their suitability for such a device. 
SNHL, sensorineural hearing loss; FTA-ABS test, fluorescent treponemal antibody test, CHL, conductive hearing loss; Hz, hertz (cycles per second), 
dB, decibel (arbitrary unit of sound intensity). 
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53) FACTORS CONTRIBUTING TO 
4-23) AGE-RELATED HEARING LOSS 


Microvascular disease resulting in diminished profusion and 
hypoxia of labyrinthine hair cells and neurons 

Effects of diet; in animals, free radical formation increases hearing 
loss 

Noise exposure 

Drug effects 

Cigarette smoking 


as the types and tests of chromosomal abnormalities are 
identified. In any given individual, though, it is difficult to 
determine what component of the hearing loss is due to 
inherent genetic determination and what component is a 
consequence of stresses imposed, such as acoustic trauma, 
viral infections, otologic disease, vascular diseases, and 
ototoxic medications. Multiple variables have been evalu- 
ated that contribute to hearing loss associated with aging 
(Table 162.3). 

A well-documented phenomenon in elderly sub- 
jects is the disproportionate deterioration of speech 
discrimination for any given pure-tone threshold shift 
(Fig. 162.1). Tests of central auditory processing include 
time-compressed speech (word rate per min) and over- 
lapping or interruption of words. These tests suggest that 
older patients have poorer speech discrimination than 
younger patients because of changes in central auditory 
processing. Decreased cell counts in the temporal lobes, 
increased time required for information processing, and 
possibly increased transmission time in the central audi- 
tory pathways have all been identified as potential factors 
in central auditory processing disorders in the elderly (9). 
Elderly patients demonstrate mildly prolonged latencies 
and reduced wave I amplitudes on the auditory brainstem 
response (ABR) (10,11). 


Percent correct 


a 
°o 


+ 
° 


w 
° 


6-9 20-29 


40-49 
Age in years 


60-69 


2617 


CLINICAL MANIFESTATIONS OF 
PATHOLOGIC CHANGES WITHIN 
THE COCHLEA 


TABLE 


162.4 


Cochlear hair cell loss progresses the high-frequency hearing loss 
with speech discrimination preserved in the initial phases. 

Neuronal loss: a nonprecipitous, generalized loss of pure-tone 
thresholds with speech discrimination impaired out of 
proportion to the threshold shift. 

Atrophy of the stria: flat hearing loss with good preservation of 
speech discrimination. 

Mechanical (cochlear conductive): gradually sloping high 
frequency hearing loss with speech discrimination impaired 
proportionate to the pure tone threshold shift. 


Schuknecht identified four categories of presbycusis 
based on clinical and histopathologic changes within the 
cochlea (Table 162.4): 


1. Sensory: epithelial atrophy with loss of sensory cells and 
the supporting cells of the organ of Corti. Progressive hair 
cell reduction begins at about age 40. A precipitous decline 
in pure tone thresholds is seen in the high frequencies. 

2. Neural: a reduction in the number of functioning 
cochlear neurons. Of the 35,500 cochlea neurons at 
birth, Schuknecht has estimated that 2,100 neurons are 
lost each decade. When reduction has reached 50% or 
more of the normal neuronal population, hearing loss 
develops. This spiral ganglion cell loss also results in a 
progressive decline in speech discrimination. 

3. Strial: atrophy of the stria vascularis. A loss of 30% or 
more of strial tissue can result in hearing loss charac- 
terized by flat hearing loss with relative preservation of 
speech discrimination. 

4. Conductive: alterations of the basilar membrane pro- 
duce stiffening. The precise nature of these changes is 
partially hypothesized on the basis of conductive loss 
that remains otherwise unexplained. 


Figure 162.1 Average speech discrimination score 
as a function of age with the average pure-tone 
threshold held constant. PTA, pure-tone average. 
From Jerger J. Audiological findings in aging. Adv 
Otorhinolaryngol 1973;20:115-124. 
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Although this classification is interesting, each of the 
four changes may be found to various degrees in any one 
individual subject; consequently, the audiograms of elderly 
individuals rarely conform to these classic patterns. 


Auditory Rehabilitation 


Increased awareness of the prevalence of presbycusis is 
important, as those with hearing loss tend to be more 
socially withdrawn and isolated. Patients tend to become 
frustrated, as do those trying to communicate with them. 
The main treatment for presbycusis is amplification. 
Cochlear implantation is an option for some, depend- 
ing on the severity of the hearing loss. Assistive listening 
devices (such as FM systems, speaker phones, etc.) are also 
beneficial. Patient should be instructed to increase the 
signal-to-noise ratio of their surroundings by reducing the 
ambient background noise in a room and having someone 
look directly at them. 

The effective use of hearing instruments and cochlear 
implants is made more complicated in the elderly by com- 
monly associated deficits. Unfortunately, only about 30% 
of patients who can benefit from hearing aids actually have 
used them. Decreased vision, cosmetic concerns (feeling 
“old”), manual dexterity loss, and reduced mobility can 
make physically removing and adjusting these devices diffi- 
cult. The financial costs and willingness to wear the devices 
are additional deterrents for successful amplification. 
Cognitive deterioration and memory loss can seriously 
affect an individual’s ability to extract maximum benefit 
from hearing aids or a cochlear implant. Technological 
advances include total or semi-implantable hearing aids, 
which may avoid some of the previously mentioned prob- 
lems experienced with traditional amplification. Refer to 
Chapter 164 “Hearing aids and assistive listening devices” 
for a more thorough review of this topic. 


TABLE so ss 
TYPES OF DIZZINE 
162.5 
Category Sensation 
Vertigo Illusion of motion, either 
linear or rotating (patient 
or environment) 
Presyncope Impending faint 


Dysequilibrium Impaired balance and gaze 


Nonspecific Light-headedness, 
“confusion,” “wooziness,” 


“fuzzy-headedness” 


AGE-RELATED CHANGES IN THE 
VESTIBULAR SYSTEMS 


Age-related anatomic and physiologic changes to the ves- 
tibular system have been described. Age-related degenera- 
tion of neural elements in Scarpa ganglia and the vestibular 
end organs have been demonstrated (12,13). Degenerative 
changes of the otoconia and reduction in hair cells in 
the semicircular canals (cristae ampullares) and otolithic 
organs (saccule and utricle) become more marked with 
increasing age (14,15). This results in changes in vestibu- 
lar evoked myogenic potential (VEMP) in older patients 
characterized by a variable and decreased VEMP ampli- 
tude (16-18). Studies evaluating the age-related changes in 
caloric testing and sinusoidal harmonic acceleration test- 
ing are conflicting (19-21). 

The key to the evaluation of any patient with dizzi- 
ness is a detailed description in the patient’s own words 
of the sensation experienced. The subjective character of 
the dizziness can be classified into four broad categories 
(Table 162.5): 


1. Vertigo (illusion of motion) 

2. Presyncope (lightheadedness) 

3. Disequilibrium 

4. Nonspecific (often psychological disorders) 

The time course of the patient’s symptoms can pro- 
vide additional important clues that narrow the differen- 
tial diagnosis. At the simplest level, one can distinguish 
between episodic or continuous symptoms. It is helpful to 
elicit the temporal component of individual attacks as well 
as the entire course of the disorder: 


1. Less than 1 minute: episodes of acute, rotational vertigo 
lasting less than 1 minute are most commonly associ- 
ated with disorders of the peripheral vestibular system, 
such as BPPV. 


Diagnosis 


Vestibular disturbance attributable to peripheral 
(BPPV, labyrinthitis) or central (brainstem, 
cerebellar disease) 

Cardiovascular disease 

Diffuse cerebral ischemia attributable to 
vasovagal response, cardiac disease, or 
metabolic disorders 

Impaired motor contro! due to neuromuscular 
disease, severe bilateral vestibular disease, 
stroke, multisensory deficits, or medications 

Often psychological disorders (anxiety, 
depression, panic), hyperventilation 
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2. Less than 1 hour: Vertigo lasting a few minutes to an 
hour or two can be secondary to Méniére disease, tran- 
sient cerebral hypoperfusion, migraine headaches, or 
phobic/anxiety disorders. 

3. Several hours to 24 hours: This type of dizziness also 
suggests migraine headaches or Méniére disease. Viral 
or vascular labyrinthitis usually presents with acute 
rotational vertigo of several days duration, with gradual 
improvement. 

4. Greater than 24 hours: Migraine-associated dizziness, 
vestibular neuritis, chronic subjective dizziness, or 
other central or metabolic causes. 


HISTORY AND PHYSICAL EXAMINATION 


Before making a diagnosis in an elderly patient, the otol- 
ogist needs to perform a thorough history and physical 
examination. Presbyastasis and presbycusis are diagno- 
ses of exclusion; other pathologies must be ruled out. 
Associated otologic symptoms discussed with the patient 
include hearing loss, tinnitus, aural fullness, otorrhea, 
and otalgia. Patients also need to be asked about a history 
of significant noise exposure/trauma (e.g., loud music, 
gunfire, etc.), prior otologic/head and neck surgery, and 
a family history of hearing loss. Because of the high inci- 
dence of systemic illnesses in the elderly population, a 
detailed past medical and surgical history is obtained; 
one should inquire about the presence of neurologic or 
ophthalmologic diseases, which can create symptoms of 
dizziness. A detailed inquiry should be obtained about 
systemic disorders that potentially interfere with cere- 
bral blood supply that may produce vertigo due to either 
focal brainstem involvement or diffuse cerebral isch- 
emia. Cardiac abnormalities (e.g., arrhythmia, valvular 
regurgitation/stenosis) can cause presyncopal episodes. 
Systemic illnesses such as diabetes mellitus, hypothy- 
roidism, human immunodeficiency virus infection, and 
sexually transmitted diseases can also result in vestibular 
symptoms and should be queried. The patient should be 
counseled to follow-up with their primary care physician 
for the above conditions and to meet CDC guidelines for 
screening tests and immunizations. Patients who present 


TABLE 


Drug Class 


Type of Dizziness 


Alcohol 

Sedatives, anxiolytics 
Antihypertensives 
Antiepileptics 
Aminoglycosides 


Presyncope 
Dysequilibrium 


Unsteady gaze, positional vertigo 
Nonspecific lightheadedness 


Dysequilibrium, oscillopsia 
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with complaints of dizziness should be asked about a 
prior history of falls and if they are experiencing prob- 
lems with driving. 

A thorough history of prescription, nonprescription, 
and alternative medications is assessed. A social history 
is critical and should include an assessment of alcohol, 
caffeine, salt, tobacco, and illicit drug use. Cardiovascular 
drugs such as diuretics, beta-blockers, and vasodilators 
may produce presyncope and orthostatic symptomatol- 
ogy. Ototoxic drugs (e.g., aminoglycosides such as gen- 
tamicin) typically cause disequilibrium and oscillopsia. 
Alcohol can cause postural hypotension resulting in pre- 
syncope. Psychiatric medications, muscle relaxants, and 
anticonvulsants also have been associated with disequi- 
librium (Table 162.6). Polypharmacy is a significant issue 
in the elderly and may be a potential cause of vestibular 
symptoms. 

A complete neurologic examination including a 
peripheral vestibular assessment should be performed 
in patients presenting with dizziness. Refer to Chapter 
165 “Clinical evaluation of the patient with vertigo” for 
more thorough review. Otomicroscopic exam is done 
to rule out middle ear disease, cholesteatoma, or tem- 
poral bone tumors. A head and neck exam is done to 
rule out a concomitant otolaryngologic abnormality. 
A directed systemic (cardiovascular) examination may also 
be performed. Dix-Hallpike testing with Frenzel lenses 
should be performed. Drachman (22) advocates the use 
of the Dizziness Simulation Battery in the office evalu- 
ation of dizziness (Table 162.7). The patient is asked 
to identify which of eight different maneuvers most 
closely reproduces a patient’s dizziness. This test battery 
includes an assessment of hyperventilation, orthostatic 
hypotension, peripheral vestibulopathy, carotid sinus 
simulation, and multisensory disorders. Carotid sinus 
stimulation should be avoided in the clinical setting 
due of the risk of syncope and cardiac arrhythmias. The 
elderly patient with complaints of vertigo may suffer 
from any of the disorders found in younger individuals 
(e.g., BPPV, acute labyrinthitis, and Méniére disease) but 
more often typically has a multifactorial aspect to his or 
her symptoms. 


MEDICATIONS THAT CAN PRODUCE OR EXACERBATE 
ul-Y4-) BALANCE DISTURBANCE 


Mechanism 


Cerebellar and vestibular dysfunction 
CNS depression 

Orthostatic hypotension 

Cerebellar dysfunction 

Labyrinthine hair cell damage 
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TABLE 
162.7 DIZZINESS SIMULATION BATTERY 


Cardiovascular 
Orthostatic blood pressure testing 
Potentiated Valsalva maneuver (produces presyncope) 
Carotid sinus stimulation 


Vestibular 
Dix-Hallpike maneuver (only produces vertigo in patients with 
positioning vertigo) 
Barany rotation (stimulates horizontal semicircular canals, pro- 
ducing vertigo in anyone who retains some vestibular function) 
Multisensory 
Walk and turn 
Seated head turn 
Psychiatric 
Hyperventilation (30 s) 


CONDITIONS CAUSING VESTIBULAR 
DYSFUNCTION IN THE ELDERLY 


BPPV is the most common cause of dizziness among elderly 
and has been reported to be the cause for vertigo in up to 
39.1% of patients over 70 years old (23). A cross-sectional 
study found a 9% incidence of unrecognized BPPV in an 
elderly population (24). As in younger patients, the pos- 
terior semicircular canal is most commonly affected, 
although any canal can be involved. The presence of BPPV 
in the elderly is significant since these patients have a 78% 
prevalence of suffering a fall (24). 

The reason for an increased incidence of BPPV in the 
elderly population is multifactorial. It has been demon- 
strated the mass and number of otoconia declines with 
age with the saccule affected more severely than the utricle 
(25). In addition, decline in calcium metabolism mani- 
fested by osteopenia and osteoporosis may have resulted 
in a loss of otoconia volume in the elderly (26,27). Finally, 
decreased vascular supply to the otolith organs is more 
common in the elderly population and may be associated 
with vertebrobasilar insufficiency or migraine headaches 
(28-30). 

Cerebrovascular insufficiency caused by ischemia of 
the labyrinth or central vestibular nuclei may result in 
episodes of acute vertigo associated with focal neurologic 
deficits such as dysphagia, hemiparesis, dysarthria, head- 
ache, or blurred vision. The diagnosis is clinically based 
and includes the presence of focal neurologic deficits. 
It can arise as a consequence of reduced flow caused by 
arteriosclerotic disease in the vertebrobasilar system, or it 
can arise as a consequence of compression of the vertebral 
arteries from cervical osteoarthritis. 

A brainstem stroke may present as paroxysmal ver- 
tigo with unremitting nausea and vomiting, but a brief 


neurologic examination typically will uncover other 
neurologic deficits. Even so, patients are occasionally 
released from the emergency department with an inaccu- 
rate diagnosis because the patient may only be aware of 
the fact that even small, brief head movements precipi- 
tate overwhelming vertigo, nausea, and vomiting. Patients 
may be unaware of the other neurologic deficits produced 
by the infarct. Fortunately cerebrovascular disease is an 
uncommon cause of isolated dizziness with a recent study 
showing an incidence of less than 1 in 500 patients having 
a major cerebrovascular event within a month after being 
discharged from the emergency department when present- 
ing with a chief complaint of dizziness (31). 

Orthostatic hypotension occurs only when the patient 
assumes the standing position from the supine or sitting 
positions. By strict criteria, orthostatic hypotension requires 
a 20-mm Hg decrease in systolic pressure and al0-mm Hg 
reduction in diastolic pressure 3 minutes after standing. 
The sensitivity and specificity of this test has been debated. 
Many patients have subjective disequilibrium, vertigo, and 
presyncope without ever meeting the strict definitional 
criteria. A cardiologist may perform tilt-table testing if the 
diagnosis is still suspected. Postural hypotension arises 
from pooling of blood in the lower extremities because of 
decreased tone. The chronic use of antihypertensive agents, 
prolonged bed rest, and autonomic dysfunction can all 
produce orthostatic hypotension. Vasovagal attacks (faint- 
ing) may be induced when strong emotions activate the 
brainstem medullary vasodepressor centers. Vagal hyper- 
activity causes a decreased cardiac output, leading to a 
decrease in cerebral blood flow. Decreased cardiac output 
because of arrhythmia, congestive heart failure, myocardial 
infarction, and valvular disease (such as aortic stenosis) 
may lead to the presyncopal type of lightheadedness. 

Bilateral symmetric vestibular loss results in persistent 
unsteadiness. This type of imbalance is typically worse in 
the dark, when visual cues are not available to help com- 
pensate for the loss. Bilateral vestibulopathy can arise from 
ototoxic drug exposure but also occurs as an idiopathic 
degenerative disorder. Proprioceptive and somatosensory 
loss can produce disequilibrium that is worse in the dark. 
It is often secondary to peripheral neuropathy (common in 
patients with diabetes mellitus or renal failure). 

Osteoarthritis of the cervical spine may cause disequi- 
librium due to spinal stenosis with spinal cord compres- 
sion. Such patients often demonstrate bowel and bladder 
dysfunction. Degenerative disease of the cervical spine may 
also produce a sense of disequilibrium and imbalance 
because of altered proprioceptive feedback from muscle 
stretch receptors and position sense receptors in the mus- 
cle and joints of the cervical spine. 

Lesions of the frontal lobes or basal ganglia cause dis- 
equilibrium often associated with weakness, rigidity, or 
tremor. Cerebellar lesions cause severe disequilibrium 
with or without visual cues and are often associated with 
visible nystagmus, a wide-based gait, and truncal ataxia. 
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Parkinson disease, common among the elderly, produces 
characteristic postural and motor abnormalities resulting 
in a festinating gait. These patients usually stand in a pos- 
ture of flexion with the thoracic spine bent forward and 
the head bent down. With forward locomotion the patient 
takes short, shuffling steps that become successfully more 
rapid, and the patient may fall without assistance. This 
disturbance of posture and motor control often results in 
disequilibrium. The postural instability typically does not 
respond to levodopa. 

Multisensory impairments are due to impaired physi- 
ologic function in several systems simultaneously and are 
more common in the elderly than in the young. Modest dis- 
turbances in each of these systems may synergize to produce 
postural instability and disequilibrium out of proportion to 
the individual deficits. Subjects with multisensory impair- 
ments typically present with a sense of disequilibrium dur- 
ing standing or walking. Multidisciplinary care involving 
the geriatric specialist, cardiologist, neurologist, vestibular 
physical therapist, and ophthalmologist may be warranted. 

Hyperventilation is often a consequence of anxiety or 
phobic disorders. Diffuse cerebral ischemia results from 
constriction of the cerebral vasculature caused by decreased 
carbon dioxide in the blood. Anxiety and panic disorders, 
adjustment reactions, and depressive disorders are the 
most common diagnoses. Such patients often describe a 
chronic feeling of “wooziness.” Two mechanisms have 
been proposed by Sloane: (a) Patients with underlying 
primary psychological disorders may be more susceptible 
to impairment by diseases affecting neurosensory systems, 
and (b) dizziness symptoms themselves impair func- 
tion and may cause secondary psychological problems. 
Management consists of treating the appropriate underly- 
ing disorder when present. 


DIAGNOSTIC EVALUATION 


In straightforward cases (e.g., posterior canal BPPV), the 
diagnosis is easily determined by a careful and detailed his- 
tory and physical examination. An audiogram is a relatively 
inexpensive but useful screening tool. In patients with vague 
symptoms, complicating histories, and significant comor- 
bidities, a vestibular evaluation is recommended. This may 
include electronystagmography or videonystagmography, 
rotary chair testing, ABR, electrocochleography, VEMPs, and 
computerized dynamic platform posturography. Refer to 
Chapter 144 “Balance function tests” for a more thorough 
discussion of the evaluation of dizziness. Radiologic studies 
(CT and/or MRI scans) may be ordered as deemed neces- 
sary, especially with asymmetric otologic complaints. 


MANAGEMENT 


A sensation of imbalance and a fear of falling lead to a 
greater level of inactivity and social isolation, worsen- 
ing the quality of life in a group of people who may have 
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already lost spouses, friends, and other social support 
systems because of their age. When possible, treatment 
is directed at the underlying cause of the dizziness, as 
described under those conditions. Sometimes, however, 
the only available option is nonspecific therapy directed at 
symptom control. In general, medical therapy for patients 
with an acute loss of vestibular function is aimed at con- 
trolling the acute vestibular and autonomic symptoms. 
Five main classes of drugs are used: antihistamines (e.g., 
meclizine), phenothiazines (eg., promethazine), anti- 
cholinergics (e.g., scopolamine), 5HT3 antagonists (e.g., 
ondansetron), and benzodiazepines (e.g., diazepam). All 
drugs should be administered sparingly and for short dura- 
tions (1 to 2 weeks) because they can cause a reduction 
in central nervous system (CNS) compensation. Meclizine 
is typically administered in doses of 12.5 to 25 mg orally 
three times per day as needed for acute, peripheral vertigo 
of long duration. Benzodiazepines (usually diazepam at 
2.5 to 7.5 mg daily in divided doses) suppress vestibular 
output of the vestibular nuclei. 

Benzodiazepines are the most effective vestibular sup- 
pressants. 5HT3 antagonists may be helpful if nausea and/ 
or vomiting are prominent symptoms. However, there is 
no evidence of 5HT3 receptors within the vestibular sys- 
tem. Phenothiazines can be administered rectally if nausea 
and/or vomiting does not allow oral intake of medications. 
All medication should be used cautiously in the elderly, 
to avoid CNS side effects. Many of these classes of drugs 
share a similar side effect profile. Antihistamines, pheno- 
thiazines, and anticholinergics all share the propensity to 
produce sedation, dysphoria, and disorientation. If com- 
bination therapy is used, care is taken to avoid synergy of 
side effects. Many geriatric patients are already taking drugs 
with anticholinergic or sedative side effects. The interac- 
tion of vestibular suppressants with these medications is 
carefully considered. 

Vestibular rehabilitation has been an effective therapy 
for more than 50 years (32-34). In addition, it can be used 
in conjunction with other types of physical therapy and 
exercise. Many of the problems associated with aging may 
be due primarily to inactivity. It is thought that some of the 
aging process itself can be slowed by exercising and physi- 
cal activity. Vestibular rehabilitation involves specific habit- 
uation exercises designed to enhance the normal adaptive 
mechanisms in the CNS. The benefits of vestibular reha- 
bilitation are not affected by a patient’s age (35). The goal 
of vestibular rehabilitation is fall prevention. One in three 
elderly individuals living in the community fall each year. 
Hospital or nursing home patients fall twice as often as 
those who are not in these settings. Vestibular symptoms 
precede falls in more than 50% of these patients. Program 
strategies vary depending on the patient's primary prob- 
lem, but they are aimed at stabilizing gaze and posture, 
improving CNS adaptation, conditioning, and providing 
emotional and psychological support. The principal com- 
ponents of effective vestibular rehabilitation include gaze 
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stabilization, balance retraining, and desensitization. Each 
aspect is addressed separately using different exercises. 
Gaze stabilization exercises promote vestibular adapta- 
tion through exercises that stimulate the vestibuloocular 
reflex. Balance retraining starts with activities that progres- 
sively decrease the patient’s base of support and progress 
to gaze exercises performed on varied surfaces (e.g., stairs, 
foam, balance beams). The balance system is challenged by 
having patients attempt to walk through crowded hallways. 
Strengthening exercises are prescribed to improve muscle 
strength and flexibility. Given the buoyancy of water, swim- 
ming pool exercises provide a safe environment in which 
the elderly can exercise. Repetitive head and arm move- 
ments designed to promote vertigo and unsteadiness in a 
safe and predictable environment enhance the CNS adap- 
tive mechanisms. These exercises are repeated until they are 
well tolerated or are not providing additional meaningful 
improvement. Over a 6- to 8-week course, the number of 
repetitions is slowly increased. Vestibular rehabilitation is 
administered by a physical therapist with special expertise 
in treating vestibular disorders in the elderly. These reha- 
bilitation strategies are effective in positional vertigo and 
to compensate for sudden loss of vestibular function (after 
recovery from an acute attack and after vegetative symptoms 
have disappeared). These exercises also provide improved 
function and mobility in patients with multisensory deficits. 


ABLATIVE THERAPY 


Patients who continue to suffer from incapacitating, 
lifestyle-limiting dizziness despite maximum medical ther- 
apy may be candidates for chemical (gentamicin) or surgi- 
cal ablative therapy, such as labyrinthectomy or vestibular 
nerve section. Ablative therapy has very limited utility and 
benefit in patients without Meniere disease. Recovery from 
unilateral loss of vestibular function is felt to be slower and 
less complete in the geriatric population and postproce- 
dure rehabilitation is recommended to optimize recovery. 


SUMMARY 


More than 12.5 million people over the age of 65 in the 
United States are thought to be significantly affected by 
dizziness or balance disturbances. Dizziness is the most 
common presenting complaint in patients over 75 years 
of age. The majority of the geriatric population with diz- 
ziness has multifactorial causes. It is important that one 
be familiar with the differential diagnosis, evaluation, and 
potentially multidisciplinary management of these disor- 
ders. It is inappropriate to attribute symptoms such as diz- 
ziness to the aging process alone; a complete evaluation 
must be performed. The otologist should be prepared to 
make referrals to a neurologist, audiologist, cardiologist, 
ophthalmologist, or psychiatrist and work in conjunction 
with the primary care physician to provide a full evaluation 
and comprehensive care. 


m Aging produces changes in the auditory and 
vestibular system that result in loss of function. 

= Alterations in the physiology of the EAC lead to a 
dramatically increased incidence of cerumen impac- 
tion in the elderly. 

m Presbycusis is multifactorial. 

m Presbycusis is a diagnosis of exclusion; other causes 
should be sought. 

= Elderly subjects with presbycusis may have degrada- 
tion of speech discrimination out of proportion to 
pure-tone loss. 

m Amplification and cochlear implantation can sig- 
nificantly improve the quality of life for elderly 
patients. 

= BPPV is the most common cause of vertigo in the 
elderly population. 

= Dizziness is the most common presenting com- 
plaint in patients over 75 years of age. 

m A specific cause of dizziness and vertigo can be 
found in 85% of elderly patients. 

= The differential diagnosis of balance disturbance in 
the elderly can often be rapidly narrowed by deter- 
mining if they describe symptoms of true vertigo, 
presyncope, chronic disequilibrium, or of nonspecific 
complaints. 
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Cochlear Implants and 
Other Implantable 


Auditory Prostheses 


Oliver F. Adunka 


Over the past few decades, cochlear implants and other 
active auditory prosthetic devices have helped revolution- 
ize the fields of otolaryngology, audiology, and other hear- 
ing-related specialties. Generally, these prosthetic devices 
can be thought of as either hair cell stimulators when the 
native auditory system is driven by way of amplification 
of the acoustic signal or neural stimulators when electrical 
currents are applied directly to or in close proximity to 
the auditory neural tissues. These devices should be dis- 
tinguished from prostheses that are passive conductors of 
acoustic energy such as ossicular reconstruction and stapes 
prostheses. Hair cell stimulation devices are, by design, 
for patients with sufficient hair cell populations and thus 
residual hearing. By contrast, neural stimulators are for 
patients with hair cell populations that are insufficient for 
acoustic stimulation but neural populations that are pre- 
served. Clearly, areas of overlapping indication exist for 
these devices. Moreover, these concepts are beginning to 
be combined to achieve even greater performance for indi- 
vidual patients. 

Hair cell stimulators activate the auditory system by 
increasing the transfer of acoustic energy to the inner ear 
through hearing aids, active middle ear implants (MEIs), 
and osseointegrated auditory implants. Acoustic amplifi- 
cation can be delivered to the tympanic membrane in the 
external auditory canal by conventional hearing aids. By 
contrast, active MEIs are placed on the ossicular chain or 
windows of the inner ear to deliver acoustic energy to the 
functional hair cells, thus bypassing the external auditory 
canal and tympanic membrane. Osseointegrated implants 
are placed distant from the otic capsule and conducting 
ear structures and stimulate the inner ear through osteo- 
conductive forces delivered by setting the skull bone in 
motion. 

Auditory neural stimulators include cochlear implants, 
auditory brainstem and midbrain implants. Cochlear 
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implants are for patients with preserved auditory nerve 
populations and are usually placed longitudinally within 
the cochlear lumen, in close proximity to the distal 
nerve fibers. These devices rely heavily on the tonotopic 
arrangement of the neural fibers within the cochlea for 
discrete frequency-specific (i.e., place) stimulation. The 
auditory brainstem implant (ABI) can be used for patients 
in whom the auditory nerve is absent or unavailable for 
stimulation. This device’s electrodes are applied either on 
the surface of or within the cochlear nucleus of the brain- 
stem at the foramen of Luschka at the pontomedullary 
junction. Finally, the midbrain implant, which remains 
investigational, would possibly be indicated for individ- 
uals in whom the cochlear nucleus is not available for 
stimulation because of pathologic or surgical insults. In 
all three instances, speech processors are used to convert 
environmental acoustic signals into electrical stimulation 
strategies that might be appropriate for the neural tissues 
in question. 

Clearly, cochlear implants are the most successful pros- 
thetic solution to replace the function of a sensory organ 
and have helped (re)habilitate many thousands of patients 
with hearing loss. The success of this intervention is 
derived mostly from a sustained research and development 
effort for more than 40 years, the lack of other effective 
treatments for patients with severe to profound hearing 
loss, and the presence of a viable cochlear nerve in nearly 
all patients. Through auditory electrical stimulation, these 
devices have allowed patients with congenital and acquired 
deafness to obtain sound awareness and enhanced speech 
understanding in both quiet and noise, thereby drastically 
improving educational and employment opportunities, 
social integration, and overall quality of life. This chap- 
ter provides a detailed overview of cochlear implants and 
other auditory prosthetics that are currently being used in 
patients today. 
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COCHLEAR IMPLANTS 


Overview 


The modern cochlear implant is a device designed to con- 
vert environmental sound into electrical impulses that are 
delivered along a multiple electrode array situated in close 
proximity to the cochlear (auditory) nerve. Since the distal 
cochlear nerve fibers are arranged along the tonotopic, lon- 
gitudinal axis of the cochlea lumen, application of discrete 
electrical stimulation at progressively deeper stations results 
in variably lower, psychophysical frequency percepts. As 
this paradigm does not necessarily rely upon hair cell trans- 
duction mechanisms, it is ideal for patients with significant 
hair cell loss. Since most patients with sensorineural hear- 
ing loss maintain some degree of functional auditory nerve 
fibers, these devices are particularly well adapted for most 
etiologies of hearing loss. Given the need for surgery and 
the effectiveness of hearing aids for lesser degrees of hear- 
ing impairment, the cochlear implant has been reserved for 
patients with significant degrees of hearing loss that are not 
easily rehabilitated with conventional amplification. 

Outcomes for cochlear implantation can be defined 
in terms of sound awareness, enhancement of lipreading, 
improvements in speech perception, quality of life, and 
cost-effectiveness. Broader outcomes for adults include 
improvements in socialization, employment opportuni- 
ties, income, and overall health and well-being (1-4). For 
children, extended outcomes include speech and oral lan- 
guage production, educational setting and achievement, 
the need for specialized services, and safety (5-7). Recently, 
expanding indications for implantation and combining 
the electrical stimulation of a cochlear implant with native 
acoustic stimulation are broadening the application of this 
technology. 


Historical Aspects 


The first electrical stimulation of the inner ear probably 
was performed by Count Alessandro Volta at the end of 
the 18th century when he placed two metal rods in his ears 
and connected them to the terminal of 30 or 40 electrolytic 
cells (~50 V). He reported the sensation of “une secousse 
dans la tete” or a blow on the head followed by a sound 
like “the boiling of a viscid liquid” (8). Djourno and Eyries 
are credited with the first intralabyrinthine implantation 
of an electrical stimulating prosthesis. This was placed 
through a labyrinthine fistula in a patient with chronic 
otitis media and cholesteatoma in Paris in 1957. Djourno 
was a French neurophysiologist and Eyries an established 
otologist. Upon stimulation, the patient described high- 
frequency sounds that resembled the “roulette wheel of a 
casino” and “crickets.” Their patient was able to discern the 
words “pap,” “mamm,” and “allo” (9-11). 

In 1957, a patient in Los Angeles, CA, brought William 
House, MD, a news article detailing the apparent success 
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of Djourno and Eyries. By 1960 and 1961, House with his 
colleagues Doyle and Doyle experimented with electrical 
stimulation of the inner ear. House performed promon- 
tory and vestibule stimulation of patients undergoing sta- 
pedectomy surgery (12). Using a square-wave generator, 
he noted that patients could detect auditory percepts from 
electrically delivered currents better in the perilymph of 
the vestibule than on the promontory. Direct stimulation 
of the perilymph did not cause dizziness or facial stimu- 
lation above 30 Hz. In the 1960s and 1970s, numerous 
other groups were exploring the field of electrical stimu- 
lation of the inner ear, primarily for the purpose of hear- 
ing. Teams including F Blair Simmons and Robert White 
(Stanford University); Donald Eddington (University of 
Utah); Robin Michelson, Michael Merzinich, and Robert 
Schindler (University of California at San Francisco); 
and Claude-Henri Chouard (France) and Graeme Clark 
(University of Melbourne) were most active. In contrast 
with House, these efforts were mostly directed at develop- 
ing a multichannel electrode CI (13-18). 

Blair Simmons, MD, with the assistance of Epley at 
Stanford (1964) implanted six electrodes in the modiolus 
portion of the eighth nerve near the basal cochlear fibers 
under local anesthesia (19). Electrical stimulation resulted 
in some auditory percepts. Following these initial experi- 
ments, House and Doyle implanted two adult patients 
with single gold electrodes for short-term stimulation of 
hearing. One additional patient received a 5-electrode 
device. All three of these devices were later removed 
because of compatibility issues (12). Specifically, the wires 
were tracked through the skin and resulted in local wound 
infection and irritation. 

At the University of Paris as well as the Universities of 
Utah and California at San Francisco (UCSF), percutane- 
ous connectors attached to intracochlear electrode arrays 
allowed for stimulation to be carried in a variety of ways 
ultimately allowing for great advances in the development 
of signal processing strategies (14,15,17). Ultimately, how- 
ever, similar to the experiences of House and Simmons, 
these devices required removal because of local infection. 
Importantly, it was clear that the percutaneous connec- 
tion was unsustainable and that an alternative method for 
energy and data transfer was needed. 

House later teamed with engineer Jack Urban to pro- 
duce the first wearable, “take home” cochlear implant, 
implanted in Chuck Graser in 1972 (12,20). This was pos- 
sible because of the use of newer, biocompatible materi- 
als developed in the pacemaker industry. His initial device 
was a five-wire electrode grounded through the footplate of 
the stapes. He was ultimately fitted with a speech proces- 
sor/stimulator that had a single electrode that delivered a 
16-KHz sinusoid carrier wave. While this implant as well 
as the one used by Michelson (21) at UCSF failed to pro- 
duce open-set speech perception, these devices proved that 
simple transcutaneous, inductive coupling was possible 
and that a percutaneous connection was not needed (21). 
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Dobelle et al. (22) later proposed a single radiofrequency 
(RE) link for both data and power transfer. In 1974, the 
University of Melbourne produced an electromagnetic dual 
link for data and power transfer that was highly efficient. 
This method allowed for transcutaneous, efficient trans- 
fer of power and data and is currently used in the Food 
and Drug Administration (FDA)-approved systems that are 
clinically available today in the United States (US) (23). 

Creating a hermetically sealed device was a major chal- 
lenge for early investigators. Graeme Clark and colleagues 
in Melbourne (1974) melted glass on to wires that exited 
a Kovar steel container that housed the circuitry (24). 
This was unsuccessful as fluid leakage persisted. In the 
pacemaker industry, epoxy resin was also unsuccessful. 
K. Kratochivil at Telectronics, a pacemaker company in 
Australia, discovered that when a blend of ceramics was 
sintered, it would bond to both wires and the metallic con- 
tainer to produce an impermeable seal. For Cochlear Corp 
in Australia, this technology when used in combination 
with a titanium package for strength produced the hermeti- 
cally sealed device that is in use today. However, this con- 
struct required moving the data transmission antenna to a 
remote site, creating an elongated device with a susceptible 
antenna connection (24). After implanting their initial 
multichannel prototype device in 1978, great strides were 
made in the 1980s demonstrating the superiority of these 
place-coding devices over the single-channel implants of 
House (25-29). From this time forward, place coding using 
multiple electrodes situated longitudinally along the course 
of scala tympani to stimulate the tonotopic organization of 
the cochlear nerve became the preferred approach (30-32). 

From Clark’s work arose Cochlear Corp, the largest 
manufacturer of cochlear implants in the world today. In 
1984, the Australian multichannel cochlear implant was 
introduced into the market and approved for adult usage 
by the FDA. In 1990, the criterion was extended to chil- 
dren older than 2 years of age. Over the next decade, the 
FDA-approved minimum criterion for age of implantation 
in children was lowered to 12 months. 

With the help of Ingeborg and Erwin Hochmair in 
Vienna, Austria, Kurt Burian implanted a multichan- 
nel device in 1977. From this effort grew the company 
MED-EL corporation. In California, the work at UCSF by 
Michelson, Merzinich, and Schindler progressed to form 
Advanced Bionics Corporation (Sylmar, California, USA), 
the only US-based cochlear implant manufacturer. For both 
Advanced Bionics and MED-EL Corporations, a ceramic 
housing was chosen so the antenna and electronics were 
included in the same package. Unfortunately, ceramic was 
more brittle and susceptible to cracks in response to exter- 
nal trauma. The welding of ceramic to the metal header 
also created a relative weak point for the hermetic seal. 
Over time, the ceramic construct of these devices has given 
way to the silastic—titanium devices that are in use today by 
all three implant manufacturers producing FDA-approved 
Cls in the US. 


Over the last 30 years, electrode and speech processor 
developments have produced more effective stimulation 
strategies associated with successively higher performance 
levels. Further miniaturization of components has resulted 
in small, behind-the-ear speech processors and very thin, 
atraumatic electrodes that preserve intracochlear structures. 

In the early 2000s, bilateral cochlear implantation as 
well as implantation with preservation of significant acous- 
tic residual hearing has broadened the indications for 
these devices. Moreover, combining acoustic stimulation 
with that of the electrical signal provided by the cochlear 
implant has begun to produce results for patients that had 
previously not been considered possible (33-36). Today, 
sound localization, hearing in noise, and even music 
appreciation are becoming possible. 

In 2005, a totally implantable cochlear implant was 
developed in Sydney and implanted in Melbourne, 
Australia, as a part of a research project conducted by 
Cochlear Ltd and the University of Melbourne (37). This 
was the first cochlear implant system capable of function- 
ing for sustained periods with no external components. 
Because this device used a subcutaneous microphone, 
significant attenuation of the signal and interference with 
bodily noise limited wide-scale application. Nonetheless, 
the stage has now been set for a fully implantable cochlear 
implant. With further advances, it seems probable that one 
day, normal hearing might be restored through combina- 
tions of technology without the need for visible external 
hardware. 

In the 1960s and 1970s, considerable opposition arose 
within the scientific community regarding the possibility of 
speech understanding by patients with cochlear implants. 
Specifically, “auditory physiologists and histopathologists 
dismissed these investigations as misguided attempts by 
surgeons—who know little about auditory neuroscience to 
stimulate nerves that were already dead” (26). Moreover, 
the deaf community identified cochlear implants as an 
unacceptable intervention that “didn’t work” and ulti- 
mately threatened a child’s right to be deaf—a cultural right 
(38). Over time, combining considerable improvements in 
technology, indications, and results with the fact that most 
deaf children are born to two hearing parents who want 
their child to communicate in an auditory—oral way has 
made this opposition to cochlear implants lessen. Today, 
cochlear implants are widely regarded as an accepted and 
efficacious choice for patients who are deaf or significantly 
hearing-impaired. 


Principles of Electric Stimulation of the 
Auditory System 


The current cochlear implant design consists of an exter- 
nal device (microphone, speech processor, headpiece) 
and an internal, implanted device (receiver—stimulator, 
multichannel electrode array) that communicates across 
intact skin by way of RE The internal and external device 
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antennas are aligned for transmission by integrated mag- 
nets. The microphone detects sound and transmits the 
information to a signal processor. The processor includes 
a series of filter banks that use fast-Fourier transforms to 
Partition the acoustic signal into the respective frequency 
bands and decodes the information into an electrical 
signal. The signal is processed according to a predefined 
strategy, amplified, and compressed to match the narrow, 
electric dynamic range of the ear and sent through the 
intact skin to the implanted receiver-stimulator. The elec- 
trode array that is inserted within the cochlear lumen is 
hardwired to the receiver-stimulator package. The longitu- 
dinal arrangement of the cochlea along a frequency spec- 
trum (basal—apical corresponds to high pitch—low pitch 
regions) allows for frequency-to-place mapping. Inside the 
cochlea, electric impulses at the electrodes stimulate neural 
elements, bypassing the nonfunctioning hair cells. Thus, 
high-frequency information is converted to frequency 
pulses that are delivered to basal electrodes, while progres- 
sively lower-frequency information is relayed to more api- 
cal locations. Today, combinations of temporal and place 
coding account for most of the stimulation strategies in 
use. Temporal coding is only beginning to be implemented 
in newer Hilbert transformation paradigms. 


Coding Strategies 


The earliest speech-coding strategy used by the House-3M 
single-channel device employed amplitude modulation of 
a 16-kHz sinusoid by the bandpass-filtered audio input sig- 
nal. The incoming signal needed to be compressed to cope 
with the limited dynamic range for electrical stimulation 
of the auditory nerve. Even though most of the original 
temporospectral information of the analog signal was pre- 
served, the signal transfer to the auditory nerve was limited 
by the maximal firing frequency of the nerve in response to 
the electrical stimulation at a single site within the cochlea. 
High synchronization of nerve fibers and the neural refrac- 
tory period only allowed for frequency transmission up to 
1 kHz via pure temporal coding. For higher frequencies, 
the spectral information could not be sufficiently trans- 
ferred. While these single-channel devices provided sound 
awareness and enhancement of lipreading, open-set speech 
perception was rarely achieved, thus paving the way for the 
frequency-place coding that is used in all of the multichan- 
nel devices on the market today (39). 

The earliest multichannel place-coding devices used 
bandpass filters to separate frequency bands and compres- 
sion to reduce the needed acoustic dynamic range in to the 
electrical stimulation range of the cochlear nerve (~20 dB). 
However, these devices remained limited by current 
spread and channel interaction, thereby limiting spectral 
resolution. Poor spectral resolution probably contributed 
to significant spectral mismatch between the frequency 
allocation to a given electrode and the perceptual conse- 
quences of stimulation. Attempts to improve this spectral 
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mismatch have included moving the site of electrode acti- 
vation closer to the neural elements by creating modiolar 
conforming arrays, intraneural electrodes, light stimula- 
tion, or neurotrophic factors (40-42). Another approach 
has been to use multiple electrode activation at differing 
times (i.e., temporal coding) to avoid channel interactions, 
thereby improving stimulation specificity. 

Today all of the modern strategies use some variation of 
pulsatile (on-off), interleaved stimulation of the multiple 
electrodes within the array in an effort to achieve specific 
stimulation while avoiding channel interaction, thereby 
improving frequency selectivity. That is, spatially separate 
electrodes are activated at different times to account for 
neural refractory times, current spread, and electrical field 
interaction. These strategies are commercially known as con- 
tinuous interleaved sampling (CIS), advanced combination 
encoder (ACE), Spectral Peak (SPeak), and HiResolution 
(HiRes) and are individually employed by all three cochlear 
implant manufacturers, in their products. The primary dif- 
ferences among them are rate of stimulation, number of 
channels, the relation between the number of filters and the 
number of electrodes activated, as well as the details of how 
each channel’s envelope is extracted and how much of the 
acoustic signals temporal information is preserved. SPeak 
and ACE attempt to emphasize spectral peaks in the signal 
by selecting a subset of filter outputs with higher energy lev- 
els. HiRes augments the envelope with temporal informa- 
tion by allowing higher-frequency components through the 
envelope detector. Although some patients can clearly per- 
form better with one strategy than another, average speech 
scores across populations of patients do not clearly demon- 
strate superiority of a particular strategy (43). 


Pathologic Basis for Success 


Cochlear implantation usually results in a loss of residual 
acoustic hearing, presumably from intracochlear trauma 
induced through cochleostomy or electrode insertion, dis- 
ruption of the endocochlear potential, or delayed reaction 
to the foreign body. A variety of evidence has demonstrated 
traumatic disruption of the cochlear endosteum, spiral 
ligament, stria vascularis, basilar membrane, osseous spi- 
ral lamina, and even modiolar fractures (44-49). Trauma 
and bone dust may also induce further changes in the inner 
ear including fibrosis and osteoneogenesis. Such intraco- 
chlear changes can potentially increase impedance values 
and stimulation requirements and alter psychophysical per- 
cepts. These changes might also reduce future abilities to 
reimplant the cochlea or the patients to consider other bio- 
logic therapies (50-55). A variety of investigations support 
the site of stimulation to be the spiral ganglion cell body. 
Moreover, most evidence demonstrates little correlation 
between spiral ganglion cell number and speech perception 
abilities using a cochlear implant. Most recently, new tis- 
sue formation in the cochlea has been associated with the 
degree of neurosensory element loss. These findings suggest 
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TABLE 


Advanced Bionics Cochlear 


Electrode arrays Conforming (helix) 
-15.5 mm/16 contacts 
Lateral wall (1J) 
-17 mm/16 contacts contacts 


Receiver stimulator Silastic titanium (90 K) 


Processors Ear level (harmony, auria) 
Body worn (platinum) 
Coding strategy CIS Hi fidelity 120 ACE 

MRI compatibility 
Rechargeable battery 


Magnet removal required 


Available Available 


Split array available. 


that atraumatic electrodes and surgical approaches and 
techniques should continue to be sought in the future (48). 


Current Device Technology 


Currently, there are three major companies that pro- 
duce cochlear implants in the US. The devices from each 
implant manufacturer and some of the various differences 
among them are outline in the Table 163.1. Comparative 
data between the various devices are sparse or completely 
lacking making efficacy claims regarding technological 
superiority theoretical. As these comparative data are 
lacking, patients are left to choose technology based on 
factors other than performance including reliability, aes- 
thetics, operational characteristics, surgeon and center 
preference, and word-of-mouth communication amongst 
users. 


Patient Selection 


Absolute contraindications to cochlear implantation 
include those patients without either a cochlea (Michel 
aplasia) or a cochlear nerve. Relative contraindication 
might include those patients with active middle ear dis- 
ease, severe anesthetic risk, and too much residual hearing 
or those who are unwilling to tolerate the surgical risks. 
There are clearly patients who may require adjustment 
of expectations through more detailed counseling prior to 
considering surgery as their prognosis for attaining high- 
level open-set speech perception might be more limited. 
Patients at risk for lower level performance might include 
those with either anatomic disorders that can adversely 
affect the electrode-neural interface or central nervous sys- 
tem problems that result in impaired auditory processing 
or cognitive impairment. Examples of the former category 
include (a) cochlear disorders such as extensive cochlear 
obstruction from previous meningitis, otosclerosis, or 


Conforming (contour advance) 

-15 mm/22 contacts 
Lateral wall (straight)? —-16.4 mm/22 
Silastic titanium (system 5 and freedom) 
Ear level (system 5)-modular Body 


worn (NA) 


Magnet removal required 


163.1 CURRENT FDA APPROVED COCHLEAR IMPLANT DEVICES 


MedEl 
Conforming (NA) 


Lateral wall (Standard, Medium, 
Compressed)? —26.4, 20.9, 
12.1 mm/24 contacts 

Silastic titanium (concert and sonata) 
Ceramic (pulsar) 

Ear level (opus 1 & 2)-modular Body 
worn (NA) 

Continuous interleaved sampling (CIS) 
Fine structure processing (FSP) 

0.2 Tesla MRI 

Available 


severe inner ear malformation and (b) cochlear nerve disor- 
ders such as cochlear nerve deficiency (CND) or tumor of 
the 8th cranial nerve (i.e., vestibular schwannoma). Central 
nervous system disorders that might adversely affect normal 
brain function and thus performance with the implant 
could include previous stroke, degenerative diseases such 
as multiple sclerosis, dementia, tumors, or infections. With 
these caveats in mind, it is critical to recognize that set- 
ting appropriate expectations for potentially lower levels 
of performance are not contraindications to surgery. Rather, 
restoration of audition through cochlear implantation can 
result in dramatic improvements in quality of life and daily 
function for these individuals but should be undertaken 
following appropriate counseling of expectations. In cer- 
tain instances, assessment of psychological factors can be 
useful to better understand a patient’s condition prior to 
considering implantation. 

In the US, at least three different bodies have separate 
guidelines for establishing what constitutes candidacy 
criteria for cochlear implantation in adults and children. 
These include the US FDA who recognizes the results of 
appropriate safety and efficacy clinical trials carried out by 
the device manufacturers to achieve specific labeling for 
their product(s), insurance companies, and the Centers 
for Medicare and Medicaid Services. In general, adults 
(218 years) are required to have a moderate-to-profound 
hearing loss without medical contraindications and the 
desire to be a part of the hearing world. The results for 
aided speech perception testing vary by manufacturer and 
payer and are listed in Table 163.2. Prelingual children can 
be as young as 12 months of age, gain limited benefit from 
amplification, while being enrolled in an early interven- 
tion program. Older children with some degree of speech 
perception should also have specific speech perception 
testing results that are obtained while wearing appropriate 
amplification (Table 163.3). It is clear that candidacy cri- 
teria continue to evolve as technology improves and new 
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Advanced Bionics Cochlear MedEL 
Test materials HINT O HINT O HINT O 
Presentation level Not specified 70 dB SPL Not specified 
Aided condition Appropriately fit Binaural best-aided Best-aided 
Score <50% <50% implanted ear <60% best-aided <40% best-aided 


HINT Q, Hearing in noise test administered in quiet. Presentation level 70 dB SPL. 


medical discoveries uncover broadened indications. The 
reader should always seek up-to-date, detailed information 
on a case-by-case basis prior to considering candidacy. 

For young children, it remains critically important to 
recognize the importance of early intervention in the form 
of appropriately fit amplification and/or cochlear implan- 
tation in the development of speech perception, speech 
production, and spoken language (5). While these studies 
clearly document the fact that earlier is better, this must be 
balanced against the reality that cochlear implants, in their 
current format, usually result in a total loss or substantial 
decrement in native acoustic hearing abilities in the oper- 
ated ear. While electrophysiologic methods are sufficient 
for estimating the degree of residual hearing for the pur- 
poses of fitting amplification, there remain some patients 
who have no responses on auditory brainstem response 
(ABR) and auditory steady state response testing who can 
gain enough benefit from amplification for the purposes 
of speech and language development (56,57). With this in 
mind, it remains important to defer cochlear implantation 
until the age where developmentally appropriate behavioral 
audiometric results are valid (usually 7 to 9 months of age 
for visual reinforcement audiometry). One clear indication 
for very early implantation might include a history of men- 
ingitis with ongoing ossification. Irrespective of the type 
of intervention, early diagnostic and therapeutic auditory- 
based speech therapy is critical in assessing progress in spo- 
ken language development. This single factor remains of 


paramount importance in deciding whether to proceed with 
implantation in the very young, hearing-impaired child. 


Temporal Bone Imaging in Cochlear 
Implantation 


Diagnostic imaging of the temporal bone and brain is criti- 
cal in patients considering cochlear implantation to (a) 
identify the etiology of hearing loss, (b) define surgical 
anatomy and the potential for complications or sequelae 
from surgery, and (c) identify factors that negatively impact 
upon prognosis for performance using the device. Even in 
the setting of a normal history and physical examination, 
it is not unusual for routine preoperative temporal bone 
imaging to identify conditions such as developmental 
labyrinthine anomalies, CND, otosclerosis, and inflamma- 
tion, fibrosis, and ossification of the inner ear. 

Imaging protocols for both high-resolution magnetic 
resonance imaging (MRI) or computed tomography (CT) 
of the temporal bones and brain have been described previ- 
ously (58-62). From an imaging perspective, developmen- 
tal labyrinthine anomalies are well-defined using either 
MRI or CT. However, MRI is superior to CT for identifying 
CND in the setting of a normal dimension internal audi- 
tory canal, inner ear luminal obstruction when ossification 
is lacking (i.e., fibrosis), and central nervous system disor- 
ders such as vestibular schwannoma, demyelinating dis- 
ease, and stroke. Conversely, CT is better for determining 


Advanced Bionics 


Pure-tone >90 dB HL 
thresholds (HL) 
Hearing aid trial 3 mo if <2 y 
6 mo if >2y 
(NA if ossified) 


Rehabilitation 
Open-set test 


Not mentioned 
<20% MLNT (<4 y) 
<12% PBK (>4 y) 
<30% HINT (>4 y) 
(@ 70 dB SPL MLV) 


Cochlear MedEL 

Bilateral >90 dB PTA (@ 1 kHz) 
profound 

3-6 mo 3-6 mo 

Yes Yes 


<30% MLNT <20% MLNT or LNT 
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the degree of labyrinthine obstruction that is due to ossi- 
fication (i.e., calcified), cochlear nerve aperture patency in 
the setting of a small internal auditory canal, and facial 
nerve location within the temporal bone (58,59,61-63). 
Thus, we prefer MRI to CT for patients with an uncompli- 
cated history as this modality can identify a patent cochlea 
and normal cochlear nerve while avoiding radiation expo- 
sure. CT is used selectively when cochlear obstruction is 
present, the internal auditory canal is small, the semicircu- 
lar canals are absent resulting in facial nerve anomaly, and 
when temporal bone pathology is present. MRI is avoided 
in patients with pacemakers or severe claustrophobia. 
Labyrinthine anomalies have been described in detail 
previously (64,65). In these cases, cochlear structure can 
be normal, absent (Michel malformation), cystic, incom- 
pletely partitioned (IP), or hypoplastic. Semicircular canals 
can be either aplastic or dysplastic. The vestibular aqueduct 
or endolymphatic duct and sac can be enlarged (EVA) in 


isolation or in association with cochlear IP. This group 
is referred to as the IP-EVA spectrum. If all cochlear parti- 
tioning is absent but there remains differentiation in to 
cochlear and vestibular labyrinthine compartments, this is 
termed as cystic cochleovestibular malformation (CCVA). 
Common cavity (CC) is defined as no internal differentia- 
tion of the labyrinth into either a vestibular or cochlear 
compartment. Examples are shown in Figure 163.1. 

CND refers to a small or absent auditory nerve on 
high-resolution imaging and has been identified among 
patients with normal inner ear morphology as well as those 
with inner ear malformations, narrow internal auditory 
canals, and/or electrophysiologic characteristics of audi- 
tory neuropathy spectrum disorder (ANSD) (60,66-68). 
Figure 163.2 shows examples of CND in the setting of a 
normal and small internal auditory canal. 

Cochlear obstruction can occur following previous 
cochlear inflammation in the setting of meningitis and 
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Figure 163.1 Axial CT images demonstrating various inner ear anomalies, including incomplete 
partition (A-C), cochlear hypoplasia (D-F), and cochleovestibular malformations (G,H). In incom- 
plete partition, there are normal cochlear external dimensions, but decreased or absent partitioning. 
Type | (A) has absent internal divisions; type II (B) has apical fusion with a present interscalar septum 
(called Mondini type when the vestibular aqueduct is enlarged); type Ill (C) is X-linked stapes deaf- 
ness type. Hypoplastic cochleas have smaller external dimensions: Type | (D) is bud-like hypoplasia; 
type II (E) is cystic hypoplasia; type III (F) is a cochlea with less than two turns. If all cochlear parti- 
tioning is absent but there is differentiation into cochlear and vestibular compartments, the malfor- 


mation is termed a CCVA (Conitnued) 


G 


immune-mediated inner ear diseases such as Cogan syndrome 
or following severe cases of otitis media. Secondary ossifica- 
tion within the fibrotic inner ear lumen can subsequently 
result in solid obstruction. In such cases, neural viability can 
be suspect. Examples of cochlear inflammation, obstruction, 
and ossification are seen on both MRI and CT (Fig. 163.3). 


Surgery for Cochlear Implantation 


Satupn 
velup 


Cochlear implant surgery is performed under general 
anesthesia and typically takes between land 2 hours to 


Figure 163.1 (Continued) (G). If there is no 
internal differentiation of the labyrinth into 
vestibular and cochlear compartments, the 
malformation is called a CC (H). 


complete. Patients with significant medical comorbidity 
should have a prior anesthetic risk assessment. Before sur- 
gery, a clear middle ear space should be confirmed through 
otoscopy, tympanometry, and/or temporal bone imaging 
to insure that the device will not be exposed to bacterial 
pathogens that can create future infectious complica- 
tions. Facial nerve monitoring is routine for all surgeries. 
Perioperative antibiotics are given 30 minutes before skin 
incision. A first-generation cephalosporin is sufficient as ear 
pathogens such as Streptococcus pneumoniae, Haemophilus 
influenzae, and Pseudomonas aeruginosa should be unusual 
in routine cases. In instances in which common middle ear 


Figure 163.2 CND. High-resolution volumetric T2-weighted MRI demonstrates an absent cochlear 
division of cranial nerve VIII in the right ear on both the axial images and the oblique sagittal recon- 
structions oriented perpendicular to the internal auditory canal. The arrow indicates the normal 
contralateral cochlear nerve. 
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Labyrinthine obstruction. A: Axial-enhanced T1-weighted MRI demonstrates bilat- 
eral labyrinthine enhancement. B: Axial bone-window CT demonstrates postmeningitic ossification 


within the basal cochlear turn. 


pathogens might be present, broader-spectrum coverage 
should be considered. 


Preparation 

The patient is situated in a supine position with the head 
turned to expose the postauricular region. Shaving of hair 
is mostly unnecessary. Prior to skin incision, local anes- 
thetic with vasoconstrictor is infiltrated in the postauricular 
region. The skin incision is planned to achieve successful 
placement of the receiver-stimulator in a position that is 
remote from the pinna and mastoid (Fig. 163.4). Locating 
the receiver-stimulator too close to the pinna can result 
in unwanted interaction between the magnetic headpiece 
and the speech processor. Moreover, placement too close 
to the mastoid can be problematic if skin retraction in to 
the mastoid results in unwanted device exposure. The use 
of manufacturer-specific device templates prior to the inci- 
sion can help locate the proper position. Focal injection 
of methylene blue through the skin and on to the bone 
allows for identification of the bony position for the inter- 
nal device after skin elevation. Locating the device rela- 
tive to the mastoid cavity following bony exposure can be 
ineffective since mastoid size varies considerably among 
individual of all ages. The final position of the receiver- 
stimulator usually is significantly superior and posterior 
to the pinna. The long axis of the device creates roughly 
a 45-degree incline from the horizontal through the zygo- 
matic arch. 


Receiver-Stimulator Placement and Fixation 

Following a skin incision, a subperiosteal pocket is created 
in the proposed region for the internal receiver—-stimulator 
that is bounded inferiorly by the lambdoid suture and is 


a 


Typical skin incision used for cochlear implanta- 
tion. A similar incision is used for active MEls. Larger incisions have 
been used in the past but are currently not used anymore. 
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strictly sized for the device being implanted (69). A bony 
depression can be created according to the device tem- 
plates and the device fixed to bone by any one of a variety 
of methods (70). For adults, nearly all techniques are suffi- 
cient, while for children, simple suturing of the periosteum 
provides rigid fixation to bone and avoids intra- or trans- 
cortical drill holes or screws that might put the underlying 
dura or venous sinuses at risk (71). 


Approach 

A standard mastoidectomy is performed. The facial recess is 
opened maximally using the horizontal semicircular canal, 
fossa incudis, chorda tympani, and facial nerve as landmarks. 
The facial nerve usually can be visualized through the bone 
without exposing it. The round window niche overhang is 
initially identified as a bony, rounded ridge located infe- 
rior to the oval window niche and anterior-inferior to the 
stapedius tendon. The niche is always located posterior to 
Jacobson nerve on the cochlear promontory and 1 to 2 mm 
inferior to the oval window. It is very important to recognize 
that limited opening of the facial recess can result in an infe- 
rior view towards the hypotympanum with a resulting look 
at the air cell system rather than the promontory and round 
window region. With adequate opening, the round window 
niche overhang is removed to expose the round window 
membrane, the primary landmark to scala tympani. 


Cochleostomy 

When describing the surgical technique for cochleostomy 
creation, one should keep the basic objectives in mind: 
open scala tympani (and not scala vestibuli), minimize 
collateral trauma to physiologically relevant intracochlear 
structures, and provide a relatively straight insertion trajec- 
tory along the longitudinal axis of the basal turn in an effort 
to allow for buckle-free electrode insertion. Currently, a 
variety of differing cochleostomy techniques exist that can 
be adapted to the clinical situation depending on the fol- 
lowing: the electrode array to be used, the cochlear mor- 
phology, and the desire for hearing preservation (72). 

An adaptive cochleostomy approach is used whereby 
electrode arrays that are long, rigid, and inserted with a 
stylet or rigid insertion tool are placed through a sepa- 
rate cochleostomy (Fig. 163.5). Such a cochleostomy is 
always round window related and might actually commu- 
nicate with the round window membrane if higher inser- 
tion forces are not anticipated. For very long electrode 
arrays that are designed for complete cochlear coverage, 
a cochleostomy that has circumferential bony walls or a 
round window membrane insertion is acceptable. In these 
cases, cochlear length rather than cochleostomy location 
probably determines whether insertion resistance will be 
encountered. For cases in which a shorter array is to be used 
in a hearing-preservation capacity, openings that include 
the round window membrane are the rule (Fig. 163.5). The 
details of cochleostomy choice and creation are covered in 
Basura et al. (72). 
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Electrode Insertion 

A smooth, resistance-free insertion of the proposed elec- 
trode array in to patent scala tympani is the goal of most 
implantations. A variety of tools exist for the various 
devices that are available. The reader is referred to the indi- 
vidual surgical manuals for details regarding usage of the 
various devices. In general, a standard jeweler’s forceps are 
an excellent tool for most array insertions. 


Telemetry and Imaging 

Following device placement and wound closure, device 
interrogation is carried out using the manufacturer's soft- 
ware. All devices have telemetry programs that allow for 
measurement of electrode impedances and electrically 
evoked compound action potentials. Impedance mea- 
sures are useful for identifying open circuits. If a substan- 
tial number of circuits are found to be open, replacement 
of the device should be considered to insure that an ade- 
quate number of electrodes are available for stimulation. 
While electrically evoked compound action potential test- 
ing is probably not useful in routine adult cases in which 
cochlear nerve populations are not in question (73), this 
technique might provide useful information in cases 
of possible neural compromise such as ANSD, inner ear 
malformations, or CND. In such cases, the result of these 
measures has been shown to correlate with future perfor- 
mance on open-set speech perception measures (67,74). 
Moreover, threshold determination for electrically evoked 
compound action potentials might identify a useful stimu- 
lation starting point for very young children. 


Special Surgical Considerations 


Inner Ear Malformations 

Congenital inner ear malformations are common (10% to 
20%) among children undergoing cochlear implanta- 
tion (75). Labyrinthine anomalies have the potential to 
adversely affect the electrode-neural interface, reduce elec- 
trode array insertion depths, predispose to cerebrospinal 
fluid gusher through the cochleostomy, and be associated 
with facial nerve anomalies that can create access problems 
for scala tympani. The variety of inner ear malformations, 
as identified on temporal bone imaging, have been detailed 
above and are demonstrated in Figure 163.1 (63,65,75). 

A transmastoid facial recess approach can be used in 
most instances of inner ear malformation except when a 
CC is present. In these cases, a transmastoid labyrinthot- 
omy can be used (Fig. 163.6). Similar to cases without 
malformations, a round window-related cochleostomy 
can usually be created. A variety of electrodes are available 
for these special cases. In general, when a cochlear inter- 
scalar septum is lacking, modiolar conforming electrodes 
should probably be avoided (Fig. 163.1). 

Cerebrospinal fluid gushers from the labyrinth are 
common is children with inner ear malformations, espe- 
cially those with IP-EVA spectrum findings on imaging. 
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Figure 163.5 (A) Illustration demonstrating the position of the round window as seen through a 
typical facial recess. The bony overhang covering the actual window has to be removed to expose 
the actual membranous window. Also, the actual window is often covered by fibrous tissue lay- 
ers making exposure more difficult. The center image shows different cochlear openings. 1: round 
window incision. 2: inferior enlargement of the round window. 3: separate round window-related 
cochleostomy. The bottom images demonstrate the respective techniques. B: Illustration of typical 
insertion trajectories through the different round window alignments. Specifically, the round window 
membrane can assume a more vertical position (a, top images). In these cases, the window faces 
essentially posterior facilitating a direct insertion through the window. In some other temporal 
bones, the round window assumes a more horizontal position (b, bottom images), which generates a 
very perpendicular view onto the membrane through the facial recess. In these cases, the electrode 


can take a trajectory heading towards the bony modiolus. 


Of interest, the cochlear morphology in most instances 
does not predict the gusher except when the modiolus 
is absent (Fig. 163.1). In such instances, creating a larger 
cochlear opening and tightly packing connective tissue 
around the electrode array is sufficient. Cerebrospinal fluid 
diversion is not needed if the leak is controlled intraop- 
eratively. Electrode array insertion should be carried out 
only to the point of first significant resistance. Imaging 
that reveals a hypoplastic cochlea should be expected to 
have limited electrode insertion depths and for these cases, 
shorter arrays are helpful. 

Children with absent semicircular canals or exter- 
nal auditory canal atresia can create significant issues for 
cochlear access since the facial nerve is often times dis- 
placed anteriorly. In these instances, the mastoid antrum 
can be indistinct, the ossicular chain malformed, the 
cochlea is usually hypoplastic with possible CND, and the 
round window niche completely obliterated by the facial 


nerve. Children with CHARGE association are particularly 
predisposed to this situation, and special care should be 
exercised in considering implantation in these children. 
Figure 163.7 shows an intraoperative picture of such a case. 


Inner Ear Obstruction 

Cochlear obstruction can occur following inner ear inflam- 
mation from meningitis, immune-mediated ear disease, 
otitis media with labyrinthitis, or trauma. In these cases, 
the cochlear lumen can be narrowed or obliterated with 
fibrous tissue or bone. Preoperative imaging with MRI and 
CT will usually reveal the extent to which such obstruction 
exists and the approach needed for implantation. In cases 
of ongoing meningitis, intervention should be considered 
in the early stages so as to avoid total obstruction and 
inability to implant the ear(s) in question. Moreover, con- 
sideration should also be given to bilateral implantation at 
the initial surgery. 


Chapter 163: Cochlear Implants and Other Implantable Auditory Prostheses 


Figure 163.6 Labyrinthotomy approach for cochlear implanta- 
tion in a case of a CC malformation. The lateral semicircular canal 
typically used as a surgical landmark cannot be used. Instead this 
single opening into the cavity should allow the surgeon to curl the 
electrode inside to generate an optimal electrode-neural interface. 


Approach to implantation of the obstructed cochlea 
should be considered in a stepwise manner. Following rou- 
tine round window exposure, the membrane often time 
appears white, indicating underlying pathology. In cases of 
short segment obstruction resulting from either fibrosis or 
bone (1 to 3 mm), a typical round window-related cochle- 
ostomy can be created by drilling through the short seg- 
ment of obstruction. Array insertion can usually proceed 
in a normal fashion. If more than 3 mm of drilling fails 
to reveal a patent cochlear lumen, a scala vestibuli inser- 
tion should be considered by moving superiorly, above, 
and anterior to the round window region (Fig. 163.8). 
Usually scala vestibuli insertions can accommodate a com- 
plete electrode array. Rarely, severe first turn ossification 
can make both scala tympani and vestibuli inaccessible at 
the cochlear base. In such situations, a double array can be 


Figure 163.7 Surgical view of a left ear with a displaced facial 
nerve. Specifically, the nerve (arrow) runs over the round window 
niche and the cochleostomy can be seen anterior to the nerve. All 
semicircular canals are absent in this case. 
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Figure 163.8 Surgical view (left ear) through the facial recess in 
a case of postmeningitic ossification. A cochleostomy (arrow) into 
the basal turn’s scala vestibuli has been furnished superior to the 
initial attempt into scala tympani, which revealed ossification of 
the lumen. 


used. In this situation, the trough created near the round 
window can be used for a short array. An apical cochleos- 
tomy is also created for an upper, retrograde insertion. This 
opening is made anterior to the oval window, inferior to 
the cochleariform process. Great care should be exercised 
to avoid inadvertent injury to the undersurface of the laby- 
rinthine segment of the facial nerve. Following such inser- 
tions, communication with the individual programming 
the device is critical to insure that proper pitch assignment 
is made for the retrograde electrodes. Finally, in cases of 
diffuse obstruction, a circummodiolar drill out is possible 
(76,77). 


Otitis Media 

Active otitis media is a contraindication to cochlear 
implantation in that intracochlear or device exposure to 
viable bacteria can result in suppurative labyrinthitis with 
subsequent meningitis and ossification. Moreover, device 
colonization can result in subsequent wound infection, 
breakdown, and hardware loss. 

In children, consideration of active middle ear disease 
is common in the winter months. The middle ear space 
should be assessed prior to skin incision in all cases. In 
cases of acute otitis media, delayed intervention is justified. 
If recurrent disease is probable, tympanostomy tube inser- 
tion is reasonable with delayed implantation. There are 
some advocates for subtotal petrousectomy with blind sac 
closure in the setting of otitis media to avoid future consid- 
erations for this problem. There also remains considerable 
dispute regarding the significance of otitis media with effu- 
sion. In cases of serous effusion, the incidence of bacterial 
colonization is probably very low. Conversely, in cases of 
mucoid effusion, delayed intervention is prudent. 

Cochlear implantation in the setting of chronic suppu- 
rative otitis media with or without cholesteatoma remains 
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a difficult problem. In such cases, active middle ear disease 
should be cleared or controlled prior to implantation. One 
option is to consider early blind sac closure with or with- 
out obliteration and staged implantation. This avoids the 
long-term issues of tympanic membrane retraction, granu- 
lation, infection, and electrode exposure within a tympanic 
membrane perforation. 


Complications 


Fortunately, complications are unusual following cochlear 
implantation today. Complications might be broadly cat- 
egorized in to those that are medical/surgical in nature and 
those that are device-related. The categories are detailed in 
Table 163.4. Historically, medical/surgical complications 
were more common than device-related issues. This was 
primarily due to the fact that flap/wound complications 
were common when postauricular wounds were large, 
devices were rigid, and location of the receiver-stimulator 
was too close to the mastoid cavity. With surgical advance- 
ments, these issues have become decidedly rare. Minimal 
approaches to skin incisions and proper device loca- 
tion and immobilization have been key in reducing such 
complications. Careful attention to the surgical details 
described above can avoid or at least minimize many of the 
surgical complications outlined. 

Common and potentially unavoidable complications 
include taste disturbance from chorda tympani nerve 
manipulation or sacrifice (~10%), transient dizziness 
(~10% of adults and less common in children), and sub- 
cutaneous seroma (10%) (78). The vestibular effects of 
cochlear implantation have long been a concern among 
otologic surgeons. Fortunately, complete vestibular deaf- 
ferentation remains uncommon following surgery, espe- 
cially when cochleostomy location is in scala tympani and 
attention is paid to electrode insertion vectors and force 
application (72,79,80). For children, the risk of vestibu- 
lar loss remains quite small since most pediatric patients 
have limited, peripheral vestibular function preoperatively. 
Subcutaneous seroma, while common early after cochlear 
implant surgery nearly always resolves without the need 
for any intervention. 


TABL 


Device-related complications include receiver—stimula- 
tor hard failures, suspected device malfunction (i.e, soft 
failures), and open circuits. Hard failure refers to a total 
lack of function of the device despite properly function- 
ing external equipment. Hard failures results from internal, 
receiver-stimulator problems and require revision surgery 
to alleviate the issue. Suspected device malfunction or soft 
failure is significantly more difficult to diagnose and refers 
to the situation where despite the presence of auditory per- 
cepts, the patient experiences aversive symptoms such as 
pain, shocking, atypical tinnitus, or a decrement in func- 
tion. Following complete exchange of the external equip- 
ment and confirmation of electrode location within the 
cochlear lumen by imaging, an internal device problem is 
suspected and revision surgery considered if the symptoms 
are intolerable to the patient. A soft failure is also consid- 
ered a clinical device failure. Open circuits can occur early or 
in a delayed fashion following cochlear implant surgery. A 
value judgment of electrode number and location is needed 
to insure adequate stimulation is available for performance. 
The details of revision cochlear implantation and reliabil- 
ity are often times complex. Fortunately, in most instances, 
revision cochlear implantation results in a functioning 
device that restores access to sound. In many instances, such 
surgery also allows for an upgrade in technology. However, 
it is critically important to realize that revision surgery dur- 
ing the formative years of a child’s development can result 
in a significant setback in speech perception, production, 
and language thereby delaying educational achievement. 
Parents of such children should be made aware of these 
possible delays prior to surgery (81). 


Meningitis in Cochlear Implant Recipients 


The incidence of meningitis in cochlear implant recipients 
is greater than that of an age-matched cohort in the general 
population (82,83). Risk factors in this population include 
young age, the presence of inner ear malformations, and 
the use of a two-part electrode system. The risk of men- 
ingitis also appears to be higher among individuals with 
sensorineural hearing loss without a cochlear implant 
although this risk appears lower than that of implanted 


E 
163.4 COMPLICATIONS OF COCHLEAR IMPLANTATION 


Device-Related 


Internal Hard Failure (i.e., dead device) 

Internal suspected malfunction (i.e., soft failure) 
Speech processor failure 

Accessories malfunction (cables, headpiece, etc) 
Open electrode circuits 


Medical/Surgical 


Flap wound (infection, extrusion) 
CSF gusher or leak 

Dural or vascular injury 
Incomplete electrode insertion 
Electrode extrusion 

Facial nerve injury 
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patients (84). It remains difficult to determine whether 
cochlear implantation per se confers an increase risk of 
meningitis in subjects without the factors cited above. 

The most common organism identified in postimplan- 
tation meningitis is S. pneumoniae. All potential routes of 
spread (middle ear, inner ear, hematogenous) should be 
considered in such a patient. Recent animal investigations 
into the mechanisms of meningitis following cochlear 
implantation suggest that all three routes are viable sources 
for such an infection (85). These works also support the 
need to create a relatively atraumatic cochlear opening, 
insert the electrode array without trauma to reduce the 
potential for inner ear to subarachnoid space communica- 
tion, and form an adequate seal at the cochleostomy with 
connective tissue to prevent the direct spread of infection 
along the array. Moreover, experimental results of pneu- 
mococcal vaccination in implanted animals support the 
current recommendation by the FDA and implant manu- 
facturers for early vaccination in all cochlear implant can- 
didates and recipients (86). Early and adequate treatment 
of otitis media is also important in preventing meningitis 
in implanted patients. 


Clinical Results 


Cochlear implantation is an auditory intervention that 
restores sound awareness for nearly all individuals that 
receive the device. Depending on a variety of factors and 
expectations, there remains a wide range of performance 
outcomes that are achievable through cochlear implan- 
tation. These include enhancement of lipreading and 
improvements in speech perception and music apprecia- 
tion (87-89). Improved speech perception can result in 
appropriate development of spoken language and educa- 
tional achievement for children and improved commu- 
nication skills for adults (5,6). Many adult patients with 
cochlear implants can also talk on the telephone using 
their device (~75%). These outcomes secondarily enhance 
employments opportunities, socialization, and quality of 
life (1). Moreover, the cost-effectiveness of this interven- 
tion is astounding (1,3). 

Outcomes from cochlear implantation depend heavily 
on the development of appropriate expectations among 
families and patients. A variety of patient factors, surgi- 
cal factors, implant center factors, and access to appropri- 
ate rehabilitation appear to be drivers in success. Patient 
factors remain the single most important variable in 
determining outcomes. Some of the factors that should 
be considered include age, age of onset of hearing loss 
(deafness), duration of deafness, medical comorbidi- 
ties, etiology of deafness, anatomic cochlear and cochlear 
nerve status, cognitive abilities, behavioral condition, 
psychological factors, parental desires and involvement, 
educational setting, and resources among others. Of these 
factors, the duration and severity of auditory deprivation 
prior to cochlear implantation remains the single most 
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important. Long-standing auditory deprivation creates a 
number of biologic changes within the auditory system 
that are not easily reversed despite restoration of auditory 
inputs. Timely intervention thus remains paramount for 
both children with congenital deafness all individuals with 
deafness onset later in life. For those with less than com- 
plete deafness, the degree of residual acoustic hearing also 
seems important at predicting outcome with a cochlear 
implant (90). While age at implantation appears to be 
associated with outcomes, this variable more than likely 
reflects the duration of auditory deprivation rather than 
being an independent factor. Thus, implantation among 
the elderly is not contraindicated. Other patient factors 
that can adversely affect outcomes include comorbidities 
such as cerebral palsy, psychomotor retardation, cogni- 
tive abilities, motivations, and compliance. Unfortunately, 
socioeconomic factors also seem to play a role in access 
and outcomes from this technology (91,92). 

A key factor in achieving the best outcomes from 
cochlear implantation is the ability to create an appro- 
priate electrode-neural interface. Both patient factors and 
surgical factors can alter this situation. Inner ear malfor- 
mations, CND, inner ear obstruction and ossification, can 
reduce neural elements available for stimulation. In such 
instances, outcomes can be less than similar patients with- 
out these factors (67,75,93). Recently, preliminary data 
suggest that electrode location within the normal struc- 
ture inner ear can also be important factor in performance 
(55,94,95). Surgeons should aspire to achieve atraumatic 
electrode placement in an effort to preserve neural ele- 
ments and thus improve performance. 

ANSD is a clinical syndrome characterized the pres- 
ence of normal outer hair cell function, as revealed by the 
presence of otoacoustic emissions and/or cochlear micro- 
phonic on electrophysiologic testing, and aberrant or dis- 
ordered neural conduction in other sites along the auditory 
pathway. A variety of genetic or acquired conditions can 
lead to the clinical phenotype. More than 50% of children 
with ANSD have a history of prematurity (74,96). Over 
the years, there has been some controversy regarding the 
effectiveness of hearing aids and to a lesser extent cochlear 
implants in children with this disorder. Recent work sug- 
gests that both hearing aids and cochlear implants can be 
effective in many of these children (74,97). However, there 
remains a subset of children with ANSD who are poor 
performers. These children frequently have other associ- 
ated neurologic conditions such as progressive blindness, 
peripheral neuropathy, or evidence of CND on high-reso- 
lution imaging (74,75,98). 

There are a number of potential advantages and disad- 
vantages to bilateral cochlear implantation in both adults 
and children (Table 163.5). Bilateral cochlear implantation 
significantly improves hearing in noise and sound local- 
ization abilities in both adults and children. Moreover, 
bilateral implantation reduces time spent “off the air.” 
These benefits are critical for young children who rely on 
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ADVANTAGES AND DISADVANTAGES 
OF BILATERAL COCHLEAR 
IMPLANTATION 


TABLE 


163.5 


Bilateral Cochlear Implants 


Advantages 

Always implant better ear 
Hearing in quiet 

Hearing in noise 

Never off the air 


Disadvantages 
Two surgeries 
One or two anesthesias 
Loss of acoustic hearing 
Bathtub hearing 
Cl limited frequency spectrum 
Future therapies 
Vestibular effects 
Double programming 
Economics 


incidental hearing for learning. As in unilateral implanta- 
tion, there also appears to be a critical period for develop- 
ing binaural skills implying that second ear implantation 
should be considered early in young deaf patients (99). It 
remains to be determined whether bilateral implantation 
is superior to unilateral implantation in patients who can 
effectively use a contralateral hearing aid (ie, bimodal 
hearing). Research is ongoing in this area (100-102). 

Finally, cochlear implants are being placed in patients 
with progressively greater degrees of residual hearing using 
special electrode arrays and surgical techniques that allow 
for preservation of residual acoustic hearing. The combi- 
nation of electric and acoustic stimulation in the same 
ear (electroacoustic stimulation or hybrid implantation) 
has been an active area of investigation for nearly the last 
decade (33,35,103). While the devices needed for this 
approach remain to be approved by the EDA, preliminary 
results seem very promising. Significant improvements 
in hearing are evident both in quiet and in noise when 
compared to similar cochlear implant recipients that have 
undergone conventional, non-hearing preserving implan- 
tation (104). It seems evident that the future of cochlear 
implantation will include hearing-preservation surgery 
for all patients undergoing the procedure. Challenges for 
this intervention will rely on making implantation with 
preservation of residual acoustic hearing highly reliable 
and precise for combining such stimulation. Areas such as 
automated electrode insertion and intraoperative monitor- 
ing of hearing are promising areas of investigation. 


Summary 


Cochlear implants are a remarkably successful prosthetic 
intervention for patients with sensorineural hearing loss 
not sufficiently managed with conventional, high gain 
amplification. Cochlear implants use multielectrode arrays 
to restore audition through auditory nerve stimulation 
within the tonotopic confines of the cochlea, allowing 
for frequency-specific stimulation. These devices can be 


placed with 1 to 2 hours of surgery with relatively limited 
risk. Activation reliably provides sound awareness and 
speech understanding, thereby improving spoken language 
development and educational opportunities for children 
and communication, socialization, and (re)employment 
opportunities for adults. These benefits result in very favor- 
able outcomes for cost-utility and quality of life. Future 
areas of investigation are focused on broadening indica- 
tions, combining these devices with conventional acoustic 
hearing devices, totally implantable technology, and newer 
stimulation paradigms. Creating awareness of these devices 
for the general public is also seriously needed. 


OSSEOINTEGRATED DEVICES 


Overview 


Traditional bone conduction hearing aids indirectly con- 
nect to the bony skull via the unbroken skin (105). A bone- 
anchored hearing system (or osteoconductive implant, 
generally termed the bone-anchored hearing appliance— 
BAHA), on the other hand, connects directly to the skull 
via a percutaneous attachment. Thus, the connection to 
the transmitting medium is provided in a much more 
direct fashion (106). This design allows to overcome many 
limitations of conventional bone conduction hearing 
aids. However, the abutment requires surgical placement, 
and while the surgery itself has evolved into a relatively 
straightforward procedure, minor postoperative skin com- 
plications are common (107). 


Principles of Bone Conduction 


Bone, like air, can conduct sound information mainly 
encoded via controlled oscillations. In a normal hear- 
ing person, the ear receives sound signals via air conduc- 
tion mechanisms through the external and middle ears. 
Specifically, the tympanic membrane, the ossicles, and 
the stapes footplate act as an amplifier to ultimately result 
in peri- and endolymph oscillations of the inner ear. 
However, the fluid spaces of the cochlea can also receive 
sound information transmitted directly through vibrations 
of the skull. This mechanism bypasses the entire conduc- 
tive apparatus of the ear (Fig. 163.9). 

For patients with otherwise not correctable conductive 
hearing loss, a bone anchored hearing system provides a 
means for auditory rehabilitation. Such patients include 
children or adults with atretic ears, patients after failed 
ossiculoplasty, chronic suppurative otorrhea, or with oth- 
erwise not manageable conductive issues (106,108,109). 

The other main indication for bone anchored hear- 
ing systems includes patients with unilateral deafness 
(110,111). Similar to the traditional indication for conduc- 
tive or mixed losses, the sound signal is transferred via the 
skull. Due to the high tissue density of the skull, the device 
will always activate both cochleas. Thus, in single-sided 
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Figure 163.9 Illustration of a bone conduction hearing aid with 
contralateral routing of the sound signal (CROS). 


deafness (SSD) candidates, the implant will help to trans- 
fer the signal through the skull to the contralateral ear. This 
eliminates the head shadow effect of binaural hearing. The 
patient will perceive spatial hearing even though only one 
cochlea is activated. However, the patient will not have 
access to the other physiologic effects of binaural hearing, 
as such the squelch and the binaural summation effect. 
They also will not be able to localize sound. Thus, the per- 
ceived hearing in these cases is pseudospatial (110). 
Following this principle, binaural cochlear stimulation 
should be considered prior to implantation even with 
the traditional indication for conductive or mixed hear- 
ing losses. Specifically, unwanted contralateral stimulation 
might in some cases be perceived as detrimental. Adequate 
preoperative planning including proper estimation of the 
cochlear reserve and the required gain are essential. 


Biologic Aspects 


The main advantage of a bone-anchored hearing system 
is that it bypasses the conductive element of a hearing 
loss through direct bone conduction. Thus, it only has to 
provide amplification for the sensorineural component. 
However, in order to be able to provide adequate amplifi- 
cation, a minimal cochlear reserve must be met. With cur- 
rently available devices, a bone conduction threshold of 
65-dB HL or better should be present. Therefore, conduc- 
tive or mixed hearing losses with adequate cochlear reserve 
and an air—bone gap or more than 30-dB HL measured at 
500, 1,000, 2,000, and 4,000 Hz are among the proper 
indications. 

With modern titanium implants, sectional imaging 
technologies such as CT and MRI remain feasible with the 
implant left in situ. Specifically, pure titanium produces lit- 
tle to no artifact on either imaging modality. Naturally, the 
audio processor (AP) needs to be removed prior to an MRI. 
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Current Device Technology 


A bone anchored hearing system is typically a three-com- 
ponent medical device for the treatment of hearing loss. 
Currently available systems are manufactured by Cochlear 
Ltd (BAHA system, NSW, Australia) and Oticon Medical 
(Ponto System, Askim, Sweden). The system consists of 
a sound processor, an abutment, and a titanium implant 
(Fig. 163.10). The sound processor picks up the sound sig- 
nal through a microphone. The signal is then amplified 
and converted into controlled oscillations. The abutment, 
or connector, links the sound processor and the osseointe- 
grated titanium implant. The titanium implant is a small 
fixture surgically placed behind the ear, which transfers the 
sound information to the bony skull. As mentioned previ- 
ously, the implant requires proper osseous integration to 
avoid failure of the system. 

There are several sound processors depending on the 
severity and the type of hearing loss. As such, each device 
has different minimum bone conduction thresholds 
(measured at pure tone averages: 45-dB HL for the BAHA 
Divino, BP 100 (or the Ponto/Ponto Pro); 55-dB HL for the 
larger Intenso (or the Ponto Pro Power); 65-dB HL for the 
body worn BAHA Cordelle I) to compensate for various 
levels of sensorineural components. 


Candidacy for Bone Anchored Hearing 
Systems 


A bone anchored hearing system is recommended for three 
types of hearing loss: 


1. Conductive hearing loss 
2. Mixed hearing loss 
3. SSD 


Speech processor Abutment BAHA fixture 


Area without 
hair follicles 


Figure 163.10 BAHA system consisting of the implant (screw), 
the abutment, and the AP. 
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Conductive or Mixed Hearing Losses 

Various causes of conductive or mixed hearing losses have 
been described. They can be either congenital or acquired 
and the medical or surgical management mainly depends 
on the cause and other patient-related factors. If hear- 
ing restorative procedures are not feasible, conventional 
bone conduction hearing aids are the treatment of choice. 
These devices are available in various designs and typically 
include either a spring or soft headband or are included in 
the frame of a pair of glasses. However, traditional bone 
conduction hearing aids have many disadvantages. These 
include inconsistent coupling and resulting poor sound 
quality, associated reduced clarity and volume, discomfort 
from constant external pressure applied to the skin, poor 
aesthetics, and difficult placement. 

A bone anchored hearing system, on the other hand, 
offers significantly better sound quality as the sound is 
transferred directly to the bone. Thus, both sound clarity 
and volume are preserved. It works without the application 
of pressure onto the skin, avoiding discomfort, headaches, 
and soreness typically associated with conventional bone 
conductors. Thus, a bone anchored hearing system offers 
wearing comfort, but it requires surgical placement of the 
implant including the percutaneous abutment. 

Criteria for conductive or mixed hearing losses (for 
ear-level sound processors such as the BAHA Divino or 
Intenso) are as follows: 


m= A minimum average bone conduction threshold of 
45-dB HL (measured at 0.5, 1, 2 and 3 kHz) or 55-dB HL 
depending on the sound processor output 

m For bilateral fitting, symmetric bone conduction thresh- 
olds are recommended (i.e., there is less than a 10-dB HL 
difference of the PTAs [frequencies 0.5, 1, 2, and 3 kHz| 
or less than 15-dB HL at individual frequencies). 

m The BAHA Cordelle Il body worn device is recom- 
mended for severe mixed hearing losses, but the aver- 
age bone conduction thresholds of the implanted ear 
should be less than 65-dB HL (PTA 0.5, 1, 2, and 3 kHz). 


Single-Sided Deafness 

In the US alone, over 60,000 people per year suffer from 
SSD. The causes are multiple and include viral infec- 
tions and subsequent sudden sensorineural hearing loss, 
Meniere disease, temporal bone fractures, and vestibular 
schwannomas. Multiple other causes have been described, 
some of them being congenital in nature. Many affected 
individuals learn to cope with this disability but are left 
without an adequate hearing solution. Previous manage- 
ment algorithms included a CROS (contralateral routing of 
signals) hearing device. These devices, however, are quite 
limited in terms of performance and user comfort. 

A bone anchored hearing system provides an alternative 
treatment option for this population. As detailed above, 
the device transfers the acoustic information through the 
dense skull to the contralateral cochlea. Thus, it helps to 


generate an impression of binaural hearing, without actu- 
ally providing the physiologic effects consistent with bin- 
aural signal processing. The head shadow effect is the sole 
exception, but elimination of this alone will account for 
the subjective benefit. Compared to CROS hearing aid, the 
BAHA features no occlusion effect, no need fora cable con- 
nection to transmit the signal, and overall improved sound 
quality through direct contact and sound transmission 
with the skull. 

Criteria for unilateral sensorineural hearing and loss/ 
SSD (for ear-level sound processors such as the BAHA 
Divino, Intenso, Ponto, or Ponto Pro) are as follows: 


m Profound hearing loss in the implanted ear (Some can- 
didates will have residual hearing, but these remnants 
should be nonfunctional in terms of speech understand- 
ing and pure tone perception.) 

m Hearing in the contralateral ear is better than or equal to 
20-dB HL (measured at 0.5, 1, 2, and 3 kHz). 


Pediatric Population 


The sound processor of the bone anchored hearing system 
can be fitted to infants and children in need for amplifica- 
tion via bone conduction (112). The indications for a bone- 
anchored hearing system in children are generally the same 
as for adults, except that in the US, only children aged five 
and older are cleared by the FDA for implantation. The main 
reason for this is the often-insufficient thickness of the bony 
skull, making proper osseointegration impossible. Of note, 
the device’s implant fixture comes in two sizes (lengths), 
3 and 4 mm. Younger children may be fitted with a bone 
anchored hearing system using the Softband (113,114). 


Surgery for Bone Anchored Hearing Systems 


The implant site is generally 50 to 55 mm from the ear 
canal and horizontally in line with the top of the pinna 
(Fig. 163.11). Asmall amount of methylene blue dye can be 
used to highlight the implant site through the intact skin. 
Various types of skin incisions can be used. It seems, how- 
ever, that a straight vertical incision has been established as 
the most commonly used access (115). Then, the subcuta- 
neous tissue layers are reduced, depending on the required 
final thickness. Then, the periosteal layer is removed from 
the previously marked bony implant site, and the guide 
drill is used to assess the bony thickness. First, a 3-mm hole 
perpendicular to the skull surface is drilled followed by a 
4-mm one (typically with ~ 2,000 rpm, Fig. 163.12). The 
4-mm-depth drill is used after drilling with the 3-mm burr 
estimating there is sufficient residual cortical bone for the 
longer drill bit. Many children and some adults will have 
limited skull thickness permitting a 3-mm-long implant 
only. Once the adequate depth has been determined, the 
hole is widened using a countersink drill. 

Then, the titanium implant is drilled into the previ- 
ously created hole with a torque controlled drill at very low 


Chapter 163: Cochlear Implants and Other Implantable Auditory Prostheses 


Straight incision 


U-shaped skin incision 


Box-shaped skin 
incision (superiorly 


pedicled) 


Figure 163.11 Skin incision options for placement of a BAHA. 
The straight incision has emerged as the preferred option used in 
clinical practice today. 


speed. The threads of the implant will seat into the sur- 
rounding bone. For compact cortical bone, 40 to 50 Ncm 
of torque is typically used. Less torque is used for irradiated 
bone or in children. Then, the skin is closed around the 
abutment and the thickness of the surrounding soft tissues 
should be reassessed. 

A healing cap is commonly placed onto the abutment, and 
the skin is compressed lightly using antibiotic gauze strips. 
The patient will follow in about 1 week to check the wound 
and the dressing is changed at that time. Also, the patient and 
his family members are carefully instructed on how to clean 
the abutment with its surrounding skin. The sound processor 
is loaded about 12 weeks postoperatively (116). 


Figure 163.12 Placement of the implant into the skull. First, the 
thickness of the skull has to be assessed via 3- and 4-mm guide 
drills. Then, the site for the implant is created by enlarging the ini- 
tial hole. The implant is then threaded using a torque sensitive drill. 
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Complications Associated with Bone 
Anchored Hearing Systems 


The most frequently encountered complication associated 
with osseointegrated implants is a soft tissue reaction at 
the percutaneous implant site causing local infection, 
moisture, skin necrosis, or overgrowing over the abutment 
(117). Soft tissue reactions with percutaneous implants can 
be prevented via extensive intraoperative soft tissue reduc- 
tion. Also, the skin can be tacked down to the periosteal 
layer to immobilize this region. Complications other than 
adverse skin reactions are rare. Osseointegration failure, 
though uncommon, is the second most common compli- 
cation of this procedure. 


Expected Outcomes 


Overall, the bone anchored hearing system seems to offer 
patients with a bone conduction pure tone average of less 
than 45 dB a high degree of hearing rehabilitation and 
excellent patient satisfaction (118). This has been well doc- 
umented by several clinical studies and trials. Once the ini- 
tial healing phase of the skin-abutment interface has been 
completed, the device is reliable and the maintenance is 
generally low. The results for SSD have also been well doc- 
umented (119). Overall, the authors encourage a trial with 
a bone anchored hearing system mounted in a headband 
so the patient can decide on whether or not proceed with 
implantation. As mentioned previously, a bone anchored 
hearing system will not provide true binaural hearing with 
this indication. Instead it will eliminate the head shadow 
effect and thus create a sensation of spatial hearing (110). 


New Device Developments 


The main issues associated with bone anchored hearing 
systems pertain to skin complications due to the percu- 
taneous attachment. To eliminate this problem, several 
groups have helped to develop transcutaneous or other 
alternative solutions. These efforts, such as the Alpha 1 
hearing system (Sophono, Boulder, CO, USA), have been 
approved in Europe but are currently under investigation 
with the FDA. Also, other efforts focus on application of 
the acoustic information via the jaw. Specifically, a dental 
appliance featuring a transducer can apply controlled oscil- 
lations to the maxilla or mandible for similar indications 
as conventional bone conduction devices (SoundBite, 
Sonitus Medical Inc., San Mateo, CA, USA). 


ACTIVE MIDDLE EAR IMPLANTS 


Overview 


Conventional hearing aids provide amplification via the 
regular sound conduction apparatus of the ear. Active 
MEIs, on the other hand, convert acoustic information into 
controlled oscillations that can be transmitted either to 
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the ossicular chain or directly to the inner ear fluid spaces 
(120). This method has several potential advantages over 
conventional hearing aids. The primary and most com- 
monly described advantage of active MEIs is that the exter- 
nal auditory meatus can remain free of the actual device 
or an earmold. This occlusion effect is perceived as both- 
ersome by many individuals, and some patients develop 
chronic otitis externa from the earmold. Acoustic distor- 
tions at the level of the tympanic membrane especially 
with high sound intensity levels and subsequent sound 
quality issues have also been described as common issues 
with conventional amplification. Also, many hearing aids 
struggle with some hearing configurations such as steeply 
sloping losses. In these cases, direct drive of the ossicular 
chain provides additional advantages over conventional 
technology. 

New indications include conductive or mixed hear- 
ing losses (currently not FDA approved and under clini- 
cal investigation in the US). In these cases, the oscillating 
part of the device is placed on ossicular remnants, the 
round window, or other vibrating parts providing access 
to the fluid spaces of the inner ear (121). With these indi- 
cations, active MEIs are an alternative mainly to bone 
anchored hearing system. In contrast to the BAHA, for 
example, active MEIs do not feature a percutaneous con- 
nection requiring permanent maintenance but instead use 
a transcutaneous link for information and energy transfer. 
Furthermore, active MEIs are not indicated for SSD since 
they do not use the bony skull for sound transmission to 
the contralateral ear. 


Historical Aspects 


Early attempts to actively stimulate the middle ear date 
back to the early 20th century. More concrete attempts 
were described in the 1970s and 1980s where piezoelectric 
systems were used for various hearing loss configurations. 
These attempts included both animal work and human 
implantations. Also, electromagnetic devices have been 
studied in both the animal model and later in humans in 
the 1980s. Each investigation established the feasibility 
of active stimulation of the conductive apparatus and the 
potential benefit of active stimulation to patients (122). 

Most systems today feature semi-implantable technol- 
ogy similar to that used in modern cochlear implants. 
A transcutaneous link provides power and data to the inter- 
nally placed demodulator and stimulating element. More 
recent efforts have focused on fully implantable technol- 
ogy with various solutions for sound sensors and implant- 
able microphones. The first fully implantable system was 
the TICA (Implex AG, Germany), which featured a micro- 
phone in the subcutaneous tissue of the external auditory 
canal (123). It was first implanted in 1999 and feedback 
from the tympanic membrane required removal of parts of 
the ossicular chain. Due to technical difficulties, the device 
was eventually removed from the market. 


The Vibrant Soundbridge (Symphonix, Inc, now 
Vibrant MED-EL, Innsbruck, Austria) was first implanted 
in 1996. The device has been FDA approved since 2000. 
Specifically, it has had FDA and CE approval for the treat- 
ment of sensorineural hearing loss and has CE approval 
in European countries for conductive and mixed hearing 
losses (121,124-126). It is currently under clinical investi- 
gation in the US for these indications. 

Several issues make current fully implantable technol- 
ogy problematic. For one, the life of a rechargeable battery 
remains limited. However, new fully implantable recharge- 
able batteries may not demonstrate any loss of capacity 
for several thousand recharge cycles or about 10 years. The 
other main issue with fully implantable technology con- 
cerns the microphone. As detailed below, acquisition of 
the sound signal with fully implantable technology still 
underlies various inconsistencies and problems (37). 

Despite the main technologic advances, active MElIs 
remain small in numbers when compared to conventional 
hearing aids or even cochlear implants. The main reasons 
for this seem to be financial in nature and the fact that all 
devices require surgical placement. Newer indications and 
larger patient numbers might help to improve documen- 
tation efforts and thus help provide payers and patients 
with better and more accurate performance and quality of 
life data. 


Principles of Direct Ossicular or Cochlear 
Stimulation 


Conventional hearing aids receive acoustic energy through 
a microphone and subsequently process and amplify 
the signal in a speech processor. This is then transmitted 
through a speaker (termed receiver in hearing aid terminol- 
ogy) and delivered into the external auditory canal (via a 
sound tube and/or an earmold) to stimulate the tympanic 
membrane. Active MEIs, in contrast, convert the sound sig- 
nal into electrical energy and then into mechanical oscil- 
lations to amplify vibratory structures of the middle (or 
inner) ear. 

The critical component of all MEIs is the transducer, 
which enables the device to deliver the sound informa- 
tion as a vibratory signal. This transducer can be either in 
direct or indirect contact with the intended structure. Two 
basic types of transducer technologies have been described: 
piezoelectric and electromagnetic (120,127). Piezoelectric 
devices use an amplifier featuring a piezoelectric crystal to 
generate oscillations. Piezoelectric materials (mostly ceram- 
ics) are dielectric materials with coupled electrical and 
mechanical properties. Applying a voltage across a piezo- 
electric rod, for example, causes it to bend or lengthen, ina 
precise and predictable voltage-dependent fashion. Within 
the implant, the sound signal acquired by a microphone 
is converted by the signal processor and then sent to the 
piezoelectric rod. As this rod vibrates in response to the 
converted auditory signal, it comes in direct contact with 
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the intended structure of the sound-conducting apparatus 
(typically the incus or stapes). A critical feature of implants 
that use a piezoelectric transducer is the direct contact 
between the piezoelectric unit and the ossicles or the inner 
ear. The advantage of this type of transducer is its ability 
to deliver more distortion-free amplification directly to the 
ossicular chain and the low energy consumption. 

Implantable middle ear hearing aids may also incor- 
porate an electro-(ferro)magnetic transducer. These trans- 
ducers generate a magnetic field, which then generates 
oscillations in a ferromagnetic medium that is nearby. 
Sound received from a microphone is converted by the sig- 
nal processor, processed, and sent to the electromagnetic 
transducer. Both ferromagnetic units featuring either direct 
or indirect contact with the ossicular chain are available. 
Devices directly in contact with the target structure deliver 
oscillations as a result of direct attachment. Ferromagnetic 
transducers featuring indirect contact with the ossicular 
chain, on the other hand, rely on electromagnetic transmis- 
sion to a ferromagnetic target unit, which is then attached 
to the ossicles. 

The properties of the transmitting coil can influence the 
properties of the oscillating elements. As such, devices of 
50 mg or more can influence ossicular motion and thus 
cause a conductive hearing loss, first affecting the high fre- 
quencies. The main downside of electromagnetic devices is 
the higher energy consumption when compared to piezo- 
electric technology. 


Ossicular Attachment 


Electromagnetic or piezoelectric transducers of active mid- 
dle era implants are attached to various locations along 
the ossicular chain or the inner ear windows. The Vibrant 
Soundbridge attaches to the long process of the incus 
(Figs. 163.13 and 163.14). However, the floating mass 
transducer (FMT) assumes a position parallel to the stapes. 
Thus, the electromagnetic energy is applied in a direction 
mimicking the natural motion of the stapes. 

The MAXUM System (Ototronix, LLC, approved by the 
FDA since 2009) attaches to the incudostapedial joint. It 
was previously approved as the SOUNDTEC Direct (Drive) 
Hearing System in 2001 but was ultimately withdrawn in 
2004 and redesigned. The electromagnetic energy is thus 
applied directly to the ossicular chain in a similar fashion as 
with the Soundbridge. Piezoelectric systems directly attach to 
various portions of the ossicular chain. The Esteem system’s 
driver provides oscillations directly to the head of the stapes 
(Fig. 163.15). In this system, the long process of the incus 
has to be removed to avoid acoustic feedback to the sensor 
acquiring sound information from the ossicular chain. 

Various other device attachments are theoretically pos- 
sible, and some have been realized in previous technology 
or in devices currently in clinical investigation. In this con- 
text, it seems worth mentioning that these alternate attach- 
ments include transducer placement in conjunction with 
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Figure 163.13 FMT of the Vibrant Soundbridge hearing system. 
The clip on the upper right-hand side attaches to the long pro- 
cess of the incus. In case of alternative placement sites such as the 
round window, this clip can be removed. 


passive middle ear prostheses such as stapes pistons as well 
as partial or total ossicular replacement prostheses. 


Direct Cochlear Fluid Stimulation 


Stimulation paths other than via ossicular chain have been 
explored. The MEI transducers can be attached to the round 
window or oval window and directly stimulate the cochlea 
(Fig. 163.16). In case of a round window vibroplasty, the 
round window niche is drilled to accommodate the trans- 
ducer, which is placed perpendicular to the round win- 
dow. To improve coupling, a small piece of fascia is placed 
between the round window membrane and the transducer. 
An additional tissue such as fascia or perichondrium is 


Figure 163.14 Traditional attachment of the Vibrant Soundbridge’s 
FMT on the long process of the incus parallel to the stapes. 
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Figure 163.15 Intraoperative image (right ear) of the Envoy 
Esteem’s transducer. The device on the left-hand side of the 
image depicts the transducer picking up the acoustic signal from 
the body of the incus. The transducer inserted through the facial 
recess stimulates the head of the stapes for signal delivery. 


placed on the contralateral side of the transducer to secure 
the position. 


Biologic Aspects 


As with conventional hearing aids, implantable active 
MEIs underlie the general biologic limitations of the inner 
ear. Specifically, loss of inner hair cells with accompanying 
speech discrimination issues will limit the effectiveness of 
the device as much as this affects satisfaction with conven- 
tional hearing aids. As such, the devices mentioned below 
are mainly designed to overcome mild-to-moderate sen- 
sorineural hearing impairments with generally good dis- 
crimination abilities. 

Tissue compatibility issues are theoretically possible 
with any implantable device. With the original attachment 


Figure 163.16 Alternate placement site of the Vibrant 
Soundbridge onto the round window membrane for direct 
cochlear stimulation. 


on the long process of the incus, device fixation is typically 
permanent, although cases of device issues due to failure of 
the attachment have been described. With new indications 
requiring fixation on the round window niche or other parts 
of the labyrinth, possible device relocation issues have been 
described. The biology of the underlying pathology can 
thus not be ignored. Specifically, eustachian tube dysfunc- 
tion requiring radical tympanomastoidectomy will require 
special surgical considerations when placing an active MEI 
for aural rehabilitation. In such cases, closure of the external 
auditory canal has been suggested to remove the potential 
cause for postoperative problems. This can be performed in 
a separate procedure before the actual device is placed. 

Other potential issues can arise with retrocochlear hear- 
ing loss. At this point, the authors recommend alternative 
management options for this type of hearing impairment 
especially when the prognosis is unclear and/or if speech 
perception is substantially impaired. 


Current Device Technology 


Currently three FDA-approved active MEIs are available: the 
Vibrant Soundbridge (MED-EL, Innsbruck, Austria, formerly 
manufactured by Symphonix, Inc., initial FDA approval 
August 31, 2000, Fig. 163.17) (125), the fully implant- 
able Esteem Implantable Hearing System (Envoy Medical 
Corp., St. Paul, MN, USA; FDA approval March 17, 2010) 
(128), and the MAXUM System (Ototronix, LLC, Houston, 
TX, USA; formerly the Direct Drive Hearing System, 
DDHS, SOUNDTEC, Inc., Oklahoma City, OK, USA, most 
recent FDA approval October 2009). All three systems are 
approved devices for moderate-to-severe sensorineural 
hearing loss. Other indications including use for conductive 
or mixed losses are currently under investigation in the US 
and/or approved in Europe. The Vibrant Soundbridge and 


Figure 163.17 Typical audiogram template for active MEls (in 
this case the Vibrant Soundbridge). Most devices are indicated 
with a moderate-to-severe sensorineural hearing loss with intact 
discrimination. Thus, the underlying biology of the sensorineural 
hearing loss should be carefully evaluated. 
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the DDHS systems are semi-implantable solutions, and the 
Envoy system features completely implantable technology. 

Various other devices are currently under clinical inves- 
tigation (Otologics Carina fully implantable system; featur- 
ing a postauricular implantable microphone and a middle 
ear transducer, Otologics LLC, Boulder, CO, USA). 

The Vibrant Soundbridge consists of an externally worn 
AP and an implantable vibrating ossicular prosthesis. Similar 
to a cochlear implant receiver/stimulator, the latter consists 
of an internal coil, a magnet to secure the external compo- 
nents over the implant, a demodulator, a conductive link, 
and a so-called FMT (129,130). The EMT is the active portion 
of the implant and features a brace for attachment on the 
long process of the incus (Fig. 163.13). Several revisions of 
the AP have been available over the years this device has been 
available. The current technology uses digital sound process- 
ing as well as an external microphone and power source as 
part of the AP. To facilitate proper osseous integration, the 
device should not be activated for 8 weeks after surgery. 

The MAXUM System features three components: the 
implant, the earmold/coil assembly (ECA), and the exter- 
nal amplification system or sound processor. A perma- 
nently implanted magnet is attached to the incudostapedial 
joint. Similar to the principle of the Vibrant Soundbridge, 
it provides controlled oscillations to the ossicular chain 
via an electromagnetic process. However, instead of a 
cable connection to an implantable demodulator, the 
implant receives its energy via the external auditory canal. 
Specifically, the ECA component of the device creates an 
alternating electromagnetic field together with the mag- 
netic implant. The ECA therefore consists of an electro- 
magnetic coil and an earmold/coil assembly casing. This 


Receiving Coil 
Magnet 


29 mmi 


Demodulator 


: 


4,6 mm deep 
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casing is customized to the patient's external auditory canal 
dimensions obtained from an earmold impression. This 
mold can be extensively vented to minimize the external 
auditory canal occlusion effect. The sound processor of this 
system rests over the patient’s external auditory canal, and it 
serves to convert the sound pressure into electrical signals. 
It consists of a microphone, a preamplifier, and a power 
amplifier, which has been designed to preserve battery life. 

The fully implantable Esteem Implantable Hearing 
System features piezoelectric technology. It consists of three 
implantable components, external testing/programming 
instruments, and system accessories. Piezoelectric trans- 
ducers are used to sense the acoustic sound signal from 
the ossicular chain and to directly drive the stapes (Fig. 
163.15). The implant consists of a titanium-encased sound 
processor, a rechargeable battery, and two piezoelectric 
transducers. The sensor transducer picks up sound informa- 
tion from the body of the incus. It is fixated in this location 
with glass-ionomer cement. Similarly, the driver transducer 
is implanted through a facial recess approach and fixated to 
the head of the stapes. In order to avoid acoustic feedback 
via the ossicular chain, the distal tip of the long incus pro- 
cess has to be removed, typically via a laser. The device can 
be activated 6 weeks after implantation. 


Candidacy for Active Middle Ear Implants 


As an alternative for conventional hearing aids, active 
MEls are primarily an alternative treatment option for 
hearing aid candidates. As such, the classical indication is 
mild-to-moderate sensorineural hearing loss with intact 
speech discrimination abilities (Fig. 163.18). Some device 
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Figure 163.18 Image of the Vibrant Soundbridge implant consisting of the demodulator, the conductor link, as 
well as the FMT (floating mass transducer). This implant generates controlled oscillations of the ossicular chain (or the 


cochlear fluids) via a direct electromagnetic link. 
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indications include severe hearing losses. However, the 
clinician should keep the underlying biology of sensori- 
neural hearing loss with potential loss of discrimination 
in mind. Also, indication criteria for cochlear implants 
continue to evolve, and many individuals with severe and 
some with moderate-to-severe losses are now considered 
cochlear implant candidates. 

Many retrocochlear hearing deficits often demonstrate 
more severe speech discrimination problems than what 
would be expected from the pure tone audiogram. Thus, 
most manufacturers advocate a thorough trial with con- 
ventional hearing aids before proceeding with an active 
MEI when sensorineural hearing loss is being treated. 
The classic patient is an unsatisfied hearing aid candidate. 
Reasons for this dissatisfaction may include chronic exter- 
nal auditory canal issues from wearing the earmold or a 
bothersome occlusion effect. 

Newer indications for active MEIs include con- 
ductive and mixed hearing losses. Both often require 
alternative attachment sites of the electromagnetic or 
piezoelectric transducer. For example, placement of the 
Vibrant Soundbridge on or near the round window has 
been thoroughly investigated. This site has been approved 
for clinical use in Europe and is currently under clinical 
investigation by the FDA. It allows bypassing both the 
external and middle ear. Thus, indication criteria include 
mixed or conductive losses from various causes mostly 
including chronic otitis media with previously failed ossi- 
culoplasties. In case of a radical tympanomastoid cavity, it 
is important to provide adequate coverage of the device’s 
components and wires. Many authors thus advocate clo- 
sure of the external auditory canal either in a staged fash- 
ion or in a single operation. 

Alternative attachment sites also provide other interest- 
ing applications: Atresia of the external auditory canal, for 
example, seems to be a perfect fit for active MEIs. Typical 
results after atresiaplasty are more often than not dissat- 
isfactory for both patients as well as the clinician. Also, 
surgeries often have to be coordinated with reconstructive 
measures of the auricle. Specifically, atresiaplasty cannot 
precede functional reconstructive measures. A BAHA head- 
band is often times the only option in early childhood 
(131). With adequate bone thickness, typically reached 
around age 7, an implanted BAHA might be considered. 
However, even in this scenario directional hearing may be 
compromised due to the BAHA’s capacity to stimulate both 
inner ears simultaneously. Also, the BAHA features a percu- 
taneous attachment requiring extensive skin care and the 
potential for complications. 

Thus, active MEIs could provide a reasonable alterna- 
tive. Previous clinical investigations have found that the 
procedure’s scarring is minimal and will therefore not 
interfere with later reconstructive measures (132). As such, 
placement of the device may be performed at an earlier age 
before cosmetic reconstructive procedures are being con- 
sidered. As a downside, some atretic ears feature virtually 


no landmarks, no pneumatization, a very shallow middle 
ear space, and an aberrant position of the facial nerve. The 
latter can take a very anterior course in its mastoid segment 
making positioning of the FMT within the round window 
problematic. In such cases, surgery has to be carefully 
weighted against other options. Also, successful placement 
of the active portion of the device on the oval window has 
been described (133). 

In summary, sensorineural hearing loss remains the 
main (and often only FDA approved) indication for active 
MElIs. Newer sites of attachment are very promising and 
have been approved in Europe. Clinical algorithms may 
have to be established, and more data from controlled 
clinical trials should enhance our understanding of direct 
cochlear stimulation. 


Surgery for Active Middle Ear Implants 


Every active MEI requires surgical placement of the trans- 
ducer on the ossicular chain or an alternate site such as 
the round window. Except for electromagnetic devices fea- 
turing indirect transducer technology such as the MAXUM 
System, all other devices require implantation of other 
components as well. These include the demodulator and 
the cable connection with the transducer. Fully implant- 
able systems also consist of a rechargeable battery, a sound 
processor, and a sensor device (either a subcutaneous 
microphone or a piezoelectric transducer as a sensor). In 
such cases, the surgical procedure typically includes a mas- 
toidectomy and a (large) facial recess to access all middle 
ear structures necessary. 

Additional hardware such as the demodulator requires 
a bony recess in the postauricular area. Skin incisions are 
adapted to the requirements of the device. With current 
technology, a standard postauricular incision is typically 
sufficient since it provides standard access to the mastoid 
and it allows proper placement of other device compo- 
nents. 


Postimplantation (Re)habilitation and Fitting 


After implantation, a healing period of several weeks or 
months is required before the device can be activated. The 
main underlying reason for this is proper ossicular integra- 
tion of the active portion of the implant. Also, these inter- 
vals vary greatly among available devices. In any case, proper 
postoperative surgical follow-up should be employed. 
Then, device fitting is performed according to the manu- 
facturer’s specifications. Fitting software and amplification 
strategies are very similar to conventional hearing aids. 
Thus, a dispensing audiologist familiar with fitting conven- 
tional amplification will find the process intuitive. 

Care must be taken not to overstimulate the cochlea. 
This has been reported mainly for alternative indications 
for conductive or mixed hearing losses. In these cases, the 
device gain is often too great and some patients experience 
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a humming sound or a low-frequency noise floor. In our 
experience, this effect is a temporary one which did not 
require further surgical or audiologic action. 

Proper follow-up should include annual visits with 
the surgeon to check for potential complications such as 
device extrusion, coupling issues mainly evident as perfor- 
mance loss of the implant, or other infectious issues. In 
cases in which the external auditory canal has been closed, 
careful follow-up should include assessment of squamous 
ingrowth and iatrogenic cholesteatoma formation. 

Audiologic follow-up should be performed more fre- 
quently to adjust the device's fitting parameters to the 
patient’s hearing loss. Potential progressive losses should 
undergo frequent testing and device adaptations. With pro- 
gressive sensorineural losses, the clinician should reevalu- 
ate the patient’s speech discrimination abilities to reassess 
suitability for the device. The authors have encountered 
patients who eventually required cochlear implantation 
due to a previously undetected progressive loss of hearing. 


Expected Outcomes 


Several clinical trials have now documented the beneficial 
effects of active MEI (125,126,134). The published data 
also include the benefits to the patients hearing-related 
quality of life (135). Overall, it appears that active MEIs 
provide the patients with improved sound quality and 
wearing comfort while offering objective hearing results 
equal to optimally fit conventional hearing aids. Thus, the 
underlying biology of the inner ear should be carefully 
assessed prior to implantation. 

For newer indications not yet fully FDA approved, active 
MEIs offer an alternative treatment option. Specifically, 
patients with otherwise non-correctable conductive hearing 
loss components can be successfully rehabilitated using the 
Vibrant Soundbridge. The transducer (FMT in case of this 
device) can be placed on the round window or on ossicu- 
lar remnants. Theoretically, this principle applies to other 
MEIs as well as long as the transducer allows proper fixation 
and transmission of sound energy. The Soundbridge has 
been approved for these types of indications in some coun- 
tries outside the US. Since the device has been designed 
to overcome hearing loss, normal inner ear function with 
device placement onto the round window can sometimes 
be problematic. Often, the amplification has to be reduced 
to a minimum to avoid overstimulation. Some patients will 
report a humming in the initial phase after fitting. Naturally, 
with mixed-type hearing losses, this is less of an issue. 

The results with round window vibroplasty continue 
to evolve. Clinical data from Europe demonstrates the 
hearing and quality of life benefit (121,136). For some 
less common indications such as for children and adults 
with atretic ears, the device also seems to provide a very 
reasonable alternative to conventional methods such as 
atresiaplasty or a BAHA (137,138). Compared to the lat- 
ter, round window vibroplasty might offer the advantage 
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of true binaural hearing since the BAHA provides bilateral 
cochlear stimulation through the skull (110). 


Complications 


Since active MEIs require surgical placement, they are sub- 
ject to potential complications. These are essentially what 
would be expected from transmastoid procedures includ- 
ing facial recess drilling. Specifically, most devices require 
a large recess. Thus, it is not surprising that chorda tym- 
pani injury has been frequently reported in clinical trials 
assessing active MEIs. Other surgery-related complications 
include skin breakdown and postoperative infection of 
the device and subsequent extrusion, as well as improper 
device placement and inadequate hearing benefit. 

Device-related complications include inadvertent acti- 
vation with various electromagnetic fields such as a micro- 
wave oven or the like. These events can cause various 
harmless but annoying auditory perceptions. Device fail- 
ure, on the other hand, although rare, has been described. 
Failure modes are similar to cochlear implantation mainly 
due to failures of the hermetic seal of the demodulator. 
However, other components of the device could poten- 
tially be subject to failure as well. 


AUDITORY CNS IMPLANTS 


Overview 


The ABI is a device designed to convert environmental 
sound into electrical impulses that are delivered along a 
multiple electrode array situated in close proximity to the 
cochlear nucleus in the brainstem. In a manner similar to 
the cochlear nerve, the cochlear nucleus maintains some 
degree of tonotopic arrangement; thus, application of dis- 
crete electrical stimulation along certain stations within 
the lateral recess of the fourth ventricle results in variably 
different, psychophysical frequency percepts. The ABI is 
indicated for patients in whom the cochlear nerve is absent 
or unavailable for stimulation bilaterally. Most commonly, 
patients with hearing loss secondary to neurofibromatosis 
type I with bilateral acoustic tumors have been the main 
group of patients implanted to date. Outcomes for these 
patients have been quite variable, but in most instances, 
patients gain significant sound awareness and enhanced 
lipreading from their devices. While open-set speech per- 
ception is unusual, occasionally individuals with ABIs can 
achieve such results. This section will discuss ABIs. 


History 


The first ABI was a single electrode device placed by 
William E. Hitselberger and William F House in 1979 in 
Los Angeles, CA, following an acoustic neuroma removal 
in a patient with neurofibromatosis type II. This device 
provided some auditory awareness for the patient. Over the 
following years, with greater understanding of tonotopic 
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awareness and multichannel stimulation with cochlear 
implants, a multichannel ABI was developed. The initial 
devices were based on the House-3M cochlear implant 
speech processor. Ultimately, working with Cochlear 
Corporation and Huntington Medical Research Institute in 
Pasadena, a 21-electrode array on a silicone and Dacron 
carrier was developed. This array when combined with the 
Sprint speech processor comprised the Nucleus 24 ABI. 
The processor is a body-worn device (Sprint processor) 
that performs spectral analysis (SPeak), digital process- 
ing, stimulus encoding, and transmission of commands to 
the implant through an RF link. The US FDA approved the 
Nucleus 24 ABI (Cochlear Corp, Englewood, CO) for com- 
mercial usage in 2000 (139) (Fig. 163.19). Digisonic Corp 
(Laboratories MXM, France) and Med-EL Corp (Austria) 
also manufacture ABI devices today, but these are not avail- 
able for use in the US today. 


Principles of Electric Stimulation of the 
Auditory System and Coding Strategy 


As the ABI was developed from the cochlear implant, the 
basic tenants of stimulation are similar (see Cochlear 
Implants). The tonotopic arrangement of the cochlear 


Figure 163.19 Cochlear Corporation's Auditory Brainstem 
Implant System. The system features a flat electrode array with 
21-electrode contacts. This array is positioned on the surface of 
the cochlear nucleus. 


nucleus, however, is somewhat more complex and less 
accessible in some regions. For instance, cochlear nerve 
fibers transmitting low-frequency sounds project mainly 
to the ventral portion of the cochlear nucleus, while basal 
cochlear nerve fibers transmitting high-frequency sounds 
project to the dorsal portions of each nuclear subdivi- 
sion (140). This organization is best defined in the dorsal 
cochlear nucleus, the most superficial and exposed part, 
where the axis of the tonotopic gradient is oriented parallel 
to the brainstem surface (141). Although this issue might 
be a theoretical advantage for electrical stimulation, signifi- 
cant ascending information is processed in the deepest part 
of the anterior ventral cochlear nucleus, which is almost 
unexposed within the lateral recess area. Thus, surface stim- 
ulation might not fully be able to access the functionally 
important regions and might explain, in part, the relatively 
poor performance achieved by patients when compared to 
the cochlear implant. With this in mind, the penetrating 
auditory brainstem implant was developed in an attempt 
to achieve better performance. This device attained lower 
thresholds for stimulation, increased pitch range, and high 
selectivity, but these properties unfortunately did not result 
in improved speech recognition (142). 


Indications 


The primary indication for ABI is for patients with pro- 
found hearing loss and no available cochlear nerves to 
stimulate bilaterally. As the ABI device was originally 
designed for the purposes of helping patients with neurofi- 
bromatosis type I, this remains the most common indica- 
tion and the only FDA-approved indication for use in the 
US today. There remain a number of other clinical scenarios 
that might be amenable to ABI, and these include congeni- 
tal cochlear nerve aplasia, bilateral temporal bone fracture 
with cochlear nerve disruption, severe inner ear malforma- 
tion, or dense ossification secondary to previous meningi- 
tis (143). In these cases, cochlear nerve integrity might be 
unclear, and a trial of cochlear implantation might be justi- 
fied prior to undertaking an ABI operation (75). 


Surgery 


ABI placement is generally carried out through a poste- 
rior fossa craniotomy—either translabyrinthine or retro- 
sigmoid. The distinct advantages of the translabyrinthine 
approach for ABI are (a) incision location that is more nat- 
ural for receiver-stimulator placement, (b) a lack of cere- 
bellar retraction, (c) direct line of site to the lateral recess of 
the 4th ventricle afforded by the presigmoid exposure, and 
(d) electrode path through the immobile temporal bone 
rather against the pulsatile cerebellar hemisphere. However, 
this approach can be limited in some cases by a high jug- 
ular bulb, making lower cranial nerve and recess visual- 
ization somewhat more tangential and difficult at times. 
Clearly, surgeons have effectively placed ABIs through both 
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approaches with acceptable results (144,145). In cases of 
neurofibromatosis type I, acoustic neuroma removal pre- 
cedes device placement. Cranial nerve monitoring should 
include facial muscle electrodes, as well as palatal and tra- 
pezius electrodes to monitor cranial nerves 9, 10, and 11. 
ABR monitoring electrodes include a non-inverting elec- 
trode (“active,” “positive”) at the vertex of the head (Cz), 
the inverting (“reference,” “negative”) electrode placed in 
the region of the C7, and the ground electrode at the hair- 
line at the back of the neck (Oz). Alternatives to this elec- 
trode montage also exist. 

The receiver—-stimulator should be placed in a region 
similar to the cochlear implant, in a subperiosteal pocket. 
Given the extent of periosteal dissection needed for 
exposing the temporal bone for the approach, intraosse- 
ous tie-down holes with suture fixation can be useful for 
immobilizing the device. The retaining magnet is left in the 
device for initial placement to help retain the headpiece 
during intraoperative electrophysiologic testing. 

The lateral recess of the fourth ventricle (ie, foramen 
of Luschka) is the target for device placement. Landmarks 
for identifying this recess include the 8th and 9th cranial 
nerve root entry zones at the superior and inferior board- 
ers of the recess, respectively. The cerebellar flocculus lies 
on the posterior side of the recess, and the choroid plexus 
can usually be identified exiting the foramen. There can be 
veins overlying the recess opening and careful dissection 
is often needed to mobilize them without disruption. As 
the cochlear nucleus lies on the ventral surface of the fora- 
men superiorly, the electrode contacts should face anteri- 
orly—-superiorly. The electrode array should be advanced 
until the proximal most electrodes on the array are just 
inside the opening. Teflon can be used to pack the recess 
to immobilize the array. Intraoperative monitoring of 
the implant evoked ABR is critical for appropriate device 
placement (Fig. 163.20). This procedure has been detailed 
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previously (146). Examples of intraoperative view after 
electrode array placement and excellent electrophysiologic 
responses are shown in the figure. A postoperative CT also 
confirms array location (Fig. 163.21). 


Complications 


Surgical complications are mostly unusual from ABI 
surgery. In fact, most complications described in these 
patients result from the posterior fossa surgery indicated 
for removing the patient’s acoustic neuroma rather than 
from the device placement. These might include bleeding, 
infection, facial nerve injury, loss of residual hearing, cere- 
brospinal fluid leakage, stroke, and death. Cerebrospinal 
fluid leakage along the electrode carrier is more common 
among ABI patients than typical acoustic tumor patients. 
These patients may also experience transient dysphonia 
and aspiration related to lower cranial nerve dysfunction. 
Inability to identify the lateral recess in large tumor or dis- 
torted anatomy cases can occur resulting in an inability to 
place the device. The electrode might become dislodged 
from the recess resulting in an absence of stimulation at 
activation. 

During stimulation, it is common to experience nonau- 
ditory sensations that can be severe at times. In one series, 
24% of individual electrodes could not be used because 
of nonauditory stimulation. Nonauditory sensations were 
usually described as tingling in the head or body. A smaller 
number of patients described dizziness or slight jittering of 
vision (147). Others symptoms can include choking, pain, 
vertigo, facial twitching, and potential changes in heart 
rate, blood pressure, and respiratory efforts. While these 
latter symptoms are very uncommon, special care is always 
taken during initial activation by having trained medical 
personal available for emergency resuscitation if needed 
(139,147-149). 
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Figure 163.20 Intraoperative image (left) and electrically evoked auditory brainstem response 
(E-ABR) demonstrating proper placement of an ABR. The recording example shows evoked poten- 
tials when stimulating across the array (demonstrated below). 
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Figure 163.21 Axial head CT shows the expected postoperative 
appearance after placement of an ABI into the left lateral recess. 


Outcomes 


In general, outcomes from ABI can be described in terms 
of sound detection and speech perception abilities using 
closed- and open-set test materials with and without the 
addition of lipreading. In a recent review of 86 neurofi- 
bromatosis type HI patients implanted with ABIs, 13 did 
not respond to stimulation and 1 was explanted. Of the 
60 patients with available 6-month data, mean open-set 
speech perception scores (CUNY sentences) using the 
implant alone, vision alone, and both the implant and 
vision on CUNY sentence were less than 10%, 30%, and 
nearly 55% correct. However, there was a wide range of 
auditory abilities with some patients obtaining combined 
vision and sound scores of greater than 90% correct (148). 
Thus, in these patients, the ABI is an excellent enhance- 
ment to lipreading. For individuals that have known only 
spoken language throughout their entire life, this connec- 
tion to the speaking world is significant, and the impor- 
tance of this communication enhancement should not be 
underestimated. 

More recently, Colletti et al. (150) in Verona, Italy, have 
placed ABIs in patients without neurofibromatosis type II. 
These non-tumor patients have had a variety of etiologies 
including labyrinthine ossification, cochlear nerve aplasia, 
temporal bone fractures, and severe inner ear malforma- 
tions (150). While the results have been quite variable, 
some patients in this group have been able to obtain sig- 
nificant open-set speech perception abilities using audi- 
tion alone. While these results remain to be confirmed, this 
report suggests that patients without neurofibromatosis 
type II might be better candidates for ABI. Further work is 
needed in this area. 
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Hearing impairment is one of the most prevalent chronic 
disabilities in the United States. Approximately 34.25 mil- 
lion Americans have hearing impairments (1). The preva- 
lence of hearing loss nearly doubled from 1965 to 1994, 
and the growth is predicted to continue (2). In the aging 
population, hearing loss is prevalent in nearly two-thirds 
of those over the age of 70 in the United States (3); these 
estimates are even higher in those with cognitive impair- 
ment such as dementia (4). Risk factors for hearing loss 
trend toward poor socioeconomic status, men more than 
women, and whites more than any other ethnicity (5). 
Hearing loss is associated with increased isolation (6) and 
functional and cognitive decline (6,7). 

Hearing loss is most common in the aging population 
but also affects children; nearly 8% of those with perma- 
nent hearing loss are children (8). On any given day, 43% 
of elementary school students have a mild hearing loss 
(9). Congenital hearing loss affects 1 to 6 per 1,000 new- 
borns (10). Most children with congenital hearing loss will 
be affected at birth and can potentially be identified by 
newborn hearing screening; however, some hearing losses 
may not be evident until later in childhood (11). Recent 
evidence suggests that hearing impairment in the teen- 
age population is on the rise (12). The consequences of 
hearing impairment in both children and adults are detri- 
mental to social involvement. Poor hearing leads to com- 
munication impairments and progressive social isolation 
that may impact overall health (13,14). Many of the health 
and social consequences of hearing loss can be mitigated 
with a comprehensive auditory (re)habilitation program of 
which hearing aids will be a part. 

Individuals pursue hearing aids and assistive listening 
devices when there is no medical/surgical treatment that 
will resolve their hearing loss or if they are not candidates 
for medical/surgical intervention. For children, they may 
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need an amplification system before they are old enough 
for specific surgical interventions that will later resolve con- 
ductive hearing loss. The encouraging news for individuals 
with permanent hearing loss is that there are treatments for 
all types and degrees of hearing loss at this time. The treat- 
ments will not restore normal hearing but should assist 
the individuals in their daily communication activities and 
provide a safe environment in which to function. 

Pursuing amplification is a process that continues for 
the life of an individual. There is the initial process of 
selecting, fitting, and adjusting to the hearing aids and 
then the ongoing process of maintenance, replacement, 
and upgrade of the devices over time. Therefore, the patient 
establishes a relationship with the individual providing 
their amplification as part of a larger auditory (re)habilita- 
tion process. Otolaryngologists who may be managing the 
medical care of patients with hearing loss also will want 
to have a relationship with a professional they trust to 
take care of their patients’ amplification and auditory (re) 
habilitation needs. The audiologist plays this role for the 
patient and otolaryngologist and is educated in the area of 
hearing assessment and hearing aid selection and fitting. 
The patient is provided with complete hearing health care 
when in the care of both the otolaryngologist and audiolo- 
gist who are coordinating their services. 


The reduction in hearing sensitivity produced by hear- 
ing loss results in activity limitations and participation 
restrictions as defined by the World Health Organization’s 
International Classification of Functioning, Disability, 
and Health (15). Solutions to these challenges will come 
in the form of a comprehensive auditory (re)habilita- 
tion program that will include counseling, communica- 
tion training, environmental modifications, speech and 
language development for children, and amplification. 


Chapter 164: Hearing Aids and Assistive Listening Devices 


Amplification is only one part of a complete auditory (re) 
habilitation program and should be viewed in the context 
of a larger program. 

The basic goals of a hearing aid fitting are to provide 
audibility for the range of sounds encountered in daily life 
(range of intensity levels and frequencies), to allow the 
listener to hear in complex (noisy) situations commonly 
occurring in daily communication, and to do all this while 
being comfortable acoustically and physically. With the 
advent of a variety of consumer electronics designed to 
couple to the ear, a newer challenge is making sure these 
devices couple to the hearing aid that is coupled to the ear. 
While maintaining comfort, the properly fit amplification 
system makes the world of sound accessible to the user. 


BASICS OF THE AMPLIFICATION SYSTEM 


A basic amplification system is depicted in Figure 164.1. 
Every hearing aid functions in the manner described in 
Figure 164.1 including an acoustic input signal to the micro- 
phone, an analog/digital (A/D) converter, an amplification 
stage, a digital/analog (D/A) converter, and then the electric 
signal being converted to an acoustic signal as it leaves the 
receiver (loudspeaker) and enters the ear canal. The ampli- 
fication stage is contained within the digital chip and may 
include differential amplification at various frequencies 
(channels). In addition, amplification may be differentially 
applied to certain levels of input (e.g., soft, moderate, loud) 
and to certain types of inputs (noise, speech, music) based 
on the algorithm driving the hearing aid signal processing. 
These details are described later in the chapter. 


HEARING AID FITTING PROTOCOLS 
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to the American Academy of Audiology (AAA) Pediatric 
Amplification Guidelines (16). For evidence-based guide- 
lines related to the provision of hearing aids in adults, the 
reader is referred to the AAA Guidelines for the Audiologic 
Management of Adult Hearing Impairment (17). 


HEARING LOSS AND CANDIDACY 


The AAA Pediatric Amplification Guidelines (16) indicate, 
“Amplification with hearing instruments should be con- 
sidered for a child who demonstrates a significant hearing 
loss, including sensorineural, conductive, or mixed hearing 
losses of any degree.” (p. 2). Children are now being fit 
with hearing aids by the age of 6 months due to successful 
early identification programs and the new guidelines that 
suggest children should be screened for hearing loss by 
1 month, diagnosed by 3 months, and fit within 1 month 
of diagnosis and no later than 6 months (1-3(+1)-6 goal) 
(18). The AAA Guideline for the Audiologic Management 
of Adult Hearing Impairment (17) does not specifically 
outline candidacy but indicates that adult amplification 
recommendations will be based on the hearing evaluation 
and the patient’s reported difficulties. If an adult is having 
problems hearing, then he or she is a candidate for hear- 
ing assistance. A recent study (19) found that the question 
“On a scale from 1 to 10, 1 being the worst and 10 being 
the best, how would you rate your overall hearing abil- 
ity?” could sort out which individuals were ready to pur- 
sue amplification (1 to 4 rating), which individuals needed 
more counseling (5 to 7), and which individuals were not 
ready to pursue amplification (8 to 10). 


EVALUATION 


This chapter is meant to introduce the physician to the many 
options and decisions that must be made when assisting 
patients in the selection of the appropriate amplification 
system for their hearing loss, communication needs, and 
lifestyle. In addition, the best practice components of hear- 
ing aid verification and outcome assessment are highlighted. 
Since the physician may be the entry point into hearing 
health care, the material in this chapter should better pre- 
pare them to discuss possible amplification solutions with 
their patients and help prepare them for the process they 
will encounter in order to become a successful hearing aid 
user. For detailed, evidence-based guidelines for the selec- 
tion, fitting, verification, and outcome assessment of ampli- 
fication systems for pediatric patients, the reader is referred 


Physical examination of the auricle, external auditory 
canal, tympanic membrane, and middle ear space should 
be conducted. It is important to recognize conditions that 
warrant medical or surgical intervention or findings that 
would preclude tolerance of a device in or over the ear. 
A comprehensive audiogram that includes ear-specific 
pure-tone air- and bone-conduction thresholds, speech 
reception threshold, and word recognition testing is often 
the starting point of the hearing aid discussion. This level 
of detail will not be available for an infant, and yet our 
goal is to fit an infant with significant hearing loss with 
amplification within 1 month of diagnosis. For this pur- 
pose, ear-specific thresholds (via auditory brainstem 
response) in one low and one high frequency will suffice to 


Amplifier 
Input to Analog to Stage Digital to Receiver 
Hearing Aid Digital Contained => Analog Stage => Ear Canal 
Microphone Converter within a Converter (loudspeaker) 
Digital Chip 


Figure 164.1 Schematic of the basic components of a hearing aid. 
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get the hearing aid fitting started. In the case of infants and 
young children, diagnostics are ongoing and the hearing 
aid fitting will be altered as more data related to the child’s 
hearing loss are gathered. 

With the adult patient, there are other assessments that 
will assist in making recommendations related to specific 
hearing aid configurations and technology. The quanti- 
fication of frequency-specific thresholds of discomfort 
has been found to improve the hearing aid fitting (20). 
In essence, the individual’s dynamic range needs to be 
defined in order to appropriately tune the hearing aid to 
produce outputs for soft, moderate, and loud sounds all 
within the audible but comfortable range for the individ- 
ual. The lower boundary of the dynamic range is defined 
through threshold assessment. If thresholds of discom- 
fort are not measured individually, then we are allowing 
the upper boundary of the individual’s dynamic range to 
be defined as an average for the population. Measures of 
uncomfortable loudness are simple to perform and add to 
the precision of the hearing aid fitting. If these measures 
are not accomplished prior to the fitting, the clinician must 
be sure to verify that the individual’s tolerance level has 
not been exceeded by use of average data through a verifi- 
cation procedure prior to the individual leaving the clinic. 

An assessment of the individual’s speech comprehen- 
sion in noise also may be considered prior to recommend- 
ing various amplification features. Two commonly used 
speech in noise tests include the Hearing in Noise Test 
(21) and the QuickSIN (22). A signal-to-noise ratio value 
is determined from these tests and can be compared to the 
performance of normal listeners. The QuickSIN provides 
ranges that relate to technology recommendations (e.g., 
use of directional microphones, use of assistive listening 
devices). In addition, the results can be very helpful in 
counseling the patient about realistic expectations when 
communicating in noise and potential environmental 
manipulations that may be necessary. 

There is compelling evidence that if individuals want 
to hear in noise, they need to use two hearing aids if they 
have hearing loss in both ears (23). With that said, there 
are individuals who have binaural interference meaning 
that sound coming into one ear is interfering with the pro- 
cessing of sound from another. A dichotic test requiring 
hearing from both ears in order to successfully complete 
the test can be used to identify individuals who may be 
better off with one hearing aid rather than two (24). Some 
clinicians prefer to proceed with fitting two hearing aids 
allowing the individual to experience bilateral amplifica- 
tion and to compare that with wearing one hearing aid. 
This allows the hearing aid user to be part of the decision. 

With these objective data in hand, the clinician will want 
to conduct an interview with the patient in order to assess 
current communication challenges, communication needs 
at home, in social situations, during hobbies or weekend 
activities, and in the workplace or school setting. In the 
case of a young child, the interview will be conducted with 


a parent or guardian. Older children should be engaged in 
this process. Answers to these questions may impact style, 
feature, and signal processing decisions as well as bring up 
the need for alternate solutions. For instance, if an individ- 
ual is an avid bicyclist, then a style of hearing aid that can 
be worn comfortably with a bike helmet will be essential. 
In addition, the clinician may want to recommend special 
solutions to deal with moisture from rain and perspiration 
associated with this activity (see a list of special hearing aid 
solutions in Table 164.1). There also are systematic ques- 
tionnaires available to assist in this part of the assessment 
including the Abbreviated Profile of Hearing Aid Benefit 
(25), Client Oriented Scale of Improvement (26), and the 
Expectations Worksheet (27). Identifying the patient’s cur- 
rent expectations of amplification can be very helpful for 
creating appropriate recommendations and for motivating 
a conversation about realistic expectations (e.g., amplifica- 
tion does not return normal hearing). 


PRESELECTION DECISIONS 


Once the clinician is knowledgeable about the individu- 
al’s hearing status, communication needs, and lifestyle, 
there are a variety of preselection decisions to be made. 
Currently, there are fewer decisions that have to be made 
prior to ordering the devices than in the past because 
many hearing aids now contain options to turn on or off 
various features (e.g., volume control, directionality), but 
some decisions continue to impact the device that will be 
ordered for the patient. These decisions are outlined below. 


ROUTING OF THE SIGNAL 


The signal from an amplification device can be deliv- 
ered via air or bone conduction. In the case of a cochlear 
implant, the signal is electric. Cochlear implants are used 
by individuals with severe to profound hearing loss who 
do not receive benefit from traditional amplification. The 
needs of these patients and this technology are covered 
elsewhere in this text. There is evidence to encourage uni- 
lateral cochlear implant users to continue or start to use 
amplification on the non-implanted side (28,29). For the 
majority of patients with sensorineural hearing loss, an air 
conduction system will be recommended. Depending on 
the configuration of the hearing loss, various amplification 
arrangements may be pursued. The individual with bilat- 
eral hearing loss generally will benefit from amplification 
in both ears. 

The individual with severe unilateral hearing loss (single- 
sided deafness or unaidable hearing on one side due to 
extremely poor clarity) may consider several recommenda- 
tions that would include (a) continuing to rely on the good 
ear without amplification (this poses problems whenever 
the individual is trying to listen to someone on his/her “bad” 
side), (b) using a CROS (contralateral routing of signal) sys- 
tem where a microphone is placed on the “bad” ear and 
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TABLE 


Removing Removing 
Battery 


Solution 


Magnet X 

Pull string X 
Removal notch xX 
Sweat-bands 

Super seals 

Ear gear 

Huggie aids 

Oto or critter clips 

Dri aid X 
Dri and store X 
Raised volume control 

Remote control 

Locking battery door 

Soft adhesive 

Wax guards 

Comply wraps 


x x X< 


Web Site addresses for products: 
Ear gear www.gearforears.com 
Sweat band http://www.hearingaidsweatband.com/ 


164.1 SPECIAL SOLUTIONS FOR HEARING AIDS 


Retention Manipulating 
Hearing Aid Moisture and Loss 
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Cerumen 
Damage 


Battery ‘Fit 


Volume Control Ingestion Issues 


x xX XX 


Superseals http://www.justbekuz.com/Super_Seals_Hearing_Aid_Covers_Moisture_Prote ction.htm 


Dri aid http://hal-hen.com/cgi-bin/info.cgi?id=2579 


Dry and store http://www.justbekuz.com/hearing_aid_moisture_dryers_dehumidifiers_Dry_&_Store_Moisture_Guard.htm 


Huggie aids http://www.westone.com/catalog/huggie-aids 


Critter clips http://hsdcstore.com/browseproducts/Critter-Clips.html 
Comply http://earplugstore.stores.yahoo.net/complysnaptips.html 
Ad-hear (soft adhesive) http://www.westone.com/catalog/ad-hear-plus-cerumen-guards 


the signal is transferred (FM transmission) to a device that 
delivers the sound to the good ear, (c) a bone conduction 
hearing aid or device on the “bad” side that picks up sound 
from that side and delivers it to the “good” cochlea via bone 
transmission, and (d) a transcranial CROS that works in the 
same manner as the bone conduction aid but provides such 
an intense air conduction signal in the “bad” ear that the 
sound crosses over to the “good” cochlea via bone conduc- 
tion. If the individual has some hearing loss in the “good” 
ear as well, a bilateral CROS (BICROS) system that not only 
provides a transfer of the signal from the “bad” ear but also 
provides amplification to the “good” ear can be used. 

In the case of the bone conduction solution, this can be 
achieved through a bone vibrator coupled to the head ona 
tight band or through a bone vibrator attached to the skull 
with a titanium screw. There are two devices on the market 
currently used for this surgical solution. Both function in 
a similar manner. An implanted bone conduction hear- 
ing device is a type of hearing aid that transmits sound to 
the inner ear via bone conduction. It is appropriate to use 
in cases of conductive hearing loss, mixed hearing loss, or 
single-sided deafness. It also may be used for patients with 
hearing loss who cannot wear an air conduction hearing 


aid due to malformations or pathologies of the outer and/ 
or middle ear. After the patient has been identified as a 
candidate based on the audiologic and medical examina- 
tions, a titanium screw is surgically implanted into the 
mastoid region of the temporal bone. The external por- 
tion of the screw, typically referred to as the abutment, 
is used to anchor the bone conduction unit to the head. 
The titanium fixture must become osseointegrated before 
the bone conduction unit can be affixed. The processor 
converts incoming sound to vibrations that stimulate the 
cochlea. Another option more recently available provides 
an abutment free option by using an implanted magnet to 
affix the external sound processor to the titanium implant. 
This is covered in greater detail in Chapter 163. 

Another device based on bone conduction transmission 
is attached to maxillary teeth through a dental appliance 
that is removable. Sound is picked up by a microphone 
processor, and the signal is wirelessly delivered to the oral 
appliance. This device also is indicated for conductive or 
mixed hearing loss and single-sided deafness. 

The individual with conductive hearing loss who does 
not wish to or cannot have medical/surgical intervention 
may pursue amplification. An air conduction hearing aid 
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can be used for mild-to-moderate conductive losses that are 
not accompanied by malformation of the outer ear or drain- 
age. For conductive losses that are accompanied by malfor- 
mations of the pinna and ear canal or that produce ongoing 
drainage, a bone conduction amplifier will be a better choice. 
In the case of pediatric patients, they may have a time period 
when they are waiting for their system to mature enough for 
surgical intervention (reconstruction) and will need to use 
a bone conduction hearing aid in order to keep the cochlea 
stimulated during this waiting period. As described above 
for solutions to single-sided deafness, a bone vibrator on a 
tight headband or an implanted bone vibrator can be used 
for this purpose. Currently, the FDA does not allow implant- 
able bone vibrators for children under 5 years of age. 


STYLE 


For patients receiving air conduction amplification, the 
discussion of the style of the hearing aid will be driven 
by the patient’s hearing loss, communication needs, life- 
style, and personal preferences. The discussion will start 
with defining whether the individual is interested in 
an extended wear option or a traditional wear option. 
Currently, there is one extended wear product commer- 
cially available, the Lyric hearing aid (Fig. 164.2). This 
hearing aid is a single-channel, analog device that is dis- 
posable. Because of this level of technology, the battery 
life for this hearing aid is drastically increased. The Lyric 
is placed deep within the ear canal by the clinician after 
setting the programming based on coupler measurements 
(a probe microphone cannot fit in the ear canal when the 
device is inserted). The user has a magnet that allows them 
some control over the volume of the device. The Lyric 
provides 24/7 hearing with the user being able to shower 


_— 
— 
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Figure 164.2 Schematic of an extended wear hearing aid. 
Drawing courtesy of InSound Medical Group. 


and carry on most daily activities with the device in place. 
When the device stops working (this could range from a 
few weeks to 3 months depending on moisture, cerumen, 
etc.), the user has a tool that allows removal. The patient 
subsequently returns to the clinic or office for placement 
of a new device. To be a successful extended wear user, the 
individual needs to have reasonably cylindrical, straight 
ear canals. The manufacturer provides a systematic way to 
determine candidacy, sizing, and placement. The pricing 
structure of this device currently is quite different from 
traditional wear hearing aids and includes paying a yearly 
subscription fee. 

Recently, several manufacturers have introduced a deep 
insertion traditional wear hearing aid. This provides the 
benefit of the sound source being right near the tympanic 
membrane, which provides a wider, audible high-fre- 
quency bandwidth. However, this hearing aid is removed 
each night and batteries are replaced when they stop func- 
tioning (as opposed to the hearing aid being disposable). 
A picture of the new “invisible in canal (IIC)” hearing aid 
is provided in Figure 164.3. 

Individuals interested in traditional wear hearing aids 
have several styles and coupling options (connecting the 
hearing aid to the ear) to consider. Figure 164.4 provides 
pictures of the various styles of hearing aids currently 
available along with a list of pros and cons. Figure 164.5 
provides the same type of information but focused on the 
pediatric patient whose outer ear will be growing over the 
first years of life. For pediatric patients, the behind-the-ear 
style is recommended because this style reduces the cost 
of refitting (only the earmold that couples the hearing aid 
to the ear needs to be replaced when the outer ear grows), 
provides the greatest amount of flexibility in terms of 
power (in case the hearing changes), offers a variety of fea- 
tures (ability to connect to assistive listening devices, etc.), 
and requires the least amount of maintenance. The final 
decision on style will be a balance of the clinician’s recom- 
mendation and the patient’s preferences. 

Some of the most important changes in style recently 
have included the extended wear option, deep insertion 


Figure 164.3 Schematic of a deep insertion completely-in- 
the-canal hearing aid. Drawing courtesy of Starkey Laboratories, Inc. 


Fitting range 


Number of features? 


Advanced signal 
processing 

Manipulation 

Care 

Cosmetics 


Telephone use 
Coupling to ALDs 
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Figure 164.4 Hearing aid style chart. 


Behind-the-Ear 
(Standard and Mini) 


Full range 


Very flexible 
Available 


Easy 

Minimal 

Depends on hair style (slim tube 
has made this more attractive 
to individuals) 

Good 

Good 


In-the-Ear 


Mild-to-moderate (with 
some feedback control 
options, can fit more 
severe losses) 

Depends on ear canal size 


Available 
Easy 


Cerumen 
Visible 


Good 
Fair 


In-the-Canal 


Mild-to-moderate 


Depends on ear 
canal size 
Available 


Can be difficult 
Cerumen 
Visible 


Poor 
Poor 
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Completely 
in-the-Canal 


Mild-to-moderate 


Few options 
Available 
Difficult 


Cerumen 
Least visible 


Good 
None 


Features refer to physical features such as volume control, program button, and multiple microphones. ALDs, assistive listening devices. 


High Replacement Coupling 
Output/ Venting Cerumen Related to the Coupling Directional 
Style Gain Options Issues to Growth Telephone toALDs Microphones 
Traditional + + + + + + J 
BTE 
Mini BTE ~ + + + + = 
ITE ~ ~ = = + ~ 4 
ITC = = = = = = = 
CIC = = = = + = = 


Key: 


+ this style performs well for the feature listed 


— another style may be a better choice if this feature is important 
~ this style is adequate for the feature listed 


Receiver in the ear (RITE) in this style may increase cerumen issues 
’If the mini BTE is coupled to the ear with an open fitting, directional benefit may be compromised 


Figure 164.5 Hearing aid style chart with specific pediatric considerations. 
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Figure 164.6 Behind-the-ear hearing aids coupled to a traditional earmold (panel A) and an open 
fit dome (panel B). Picture courtesy of Starkey Laboratories, Inc. 


completely in the canal (CIC), and ability to provide 
more gain in a CIC with advances in feedback manage- 
ment, which has allowed more users to pursue this style 
without operating at the limits of amplification. In addi- 
tion, the behind-the-ear (BTE) hearing aid has become a 
popular option with adults due to miniaturization (see a 
mini BTE in Fig. 164.4) and the use of slim tube rather 
than standard tubing to couple the aid to the ear canal. 
In addition, with the advent of improved feedback man- 
agement systems, open fit BTEs (Fig. 164.6, panel B) that 
leave the ear canal much more open than traditional ear- 
molds (Fig. 164.6, panel A) have improved comfort and 
fit for many individuals. There has been some confusion 
in terminology with clinicians referring to any BTE with a 
slim tube as an “open fitting.” The slim tube can be con- 
nected to a dome allowing for an open fit, but it also can 
be connected to a standard earmold producing a closed 
fit for individuals who have more significant hearing loss. 
Figure 164.7 provides the various coupling arrangements 
that currently are available for BTE fittings. With the goal 
of slimming down the BTE but maintaining a reasonable 
battery life (1 to 2 weeks), manufacturers have introduced 
the receiver in the canal (RIC) BTE. The RIC is compared to 
a receiver in the aid (RITA) in Figure 164.8 (RIC on the left 
and RITA on the right). An electrical connection from the 
BTE to the receiver housed inside the dome (or earmold) 
can be seen. By moving the receiver into the ear canal, the 
BTE case can be smaller while also holding a larger bat- 
tery. The consequence, however, is cerumen damage to the 
RIC, whereas when the receiver is cased in the BTE, it is 
removed from potential cerumen damage. Because of this 
and the desire to make the CICs have a deeper insertion yet 
remain more dependable, cerumen guards (Fig. 164.9) are 
a standard on all hearing aids with receivers in the canal. 


EARMOLDS 


For any of the BTE styles, the hearing aid must be coupled 
to the ear. The clinician will make a variety of decisions 
related to coupling in terms of tubing size, open or closed 
fitting, venting within traditional earmolds, and earmold 
material (soft, hard, combination). These decisions will be 
based on the degree and configuration of hearing loss, the 
consistency of the individual’s pinna and ear canal, and 
the style of hearing aid the individual would like to pursue. 
Venting provides an air path through the earmold to the 
ear canal. Venting can provide ear canal aeration and com- 
fort with the flow of air in and out of the ear. In addition, 
the occlusion effect (the perception that one’s own voice 
is loud and boomy) will be reduced with a large vent. The 
occlusion effect also can be reduced with a long canal por- 
tion of the earmold that reaches close to the bony portion 
of the ear canal. Vents are acoustic filters and will pass low 
frequencies both into the ear and out of the ear. Individuals 
with normal hearing in the low frequencies will be able to 
hear these frequencies naturally if a vent is provided. 

For the pediatric patient, it will be most common to use 
a soft material that tends to reduce feedback and provides 
a comfortable fit. Earmolds will need to be remade every 
2 months for an infant and then about every 4 months for 
a toddler. The young child will continue to need new ear- 
molds every 4 to 6 months. Once the earmold is not fit- 
ting well, there is a greater chance of feedback. Feedback 
(whistling) is caused when amplified sound can leak out of 
the ear canal and reach the microphone to be re-amplified. 
One way to reduce this is to turn the volume down on 
the hearing aid. This, of course, is counter to the goal of 
amplification. In addition, most pediatric fittings do not 
activate the volume control because the clinician does not 
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Sound channel connecting hearing aid to earmold Coupling to ear 


Standard BTE standard thick tubing 


Mini BTE 
(with receiver in the aid) a 


Mini BTE +— > slim tube a % 


(receiver inthe ear) (with wire and receiver 


built-in) 


slim tube Se 


“AL occluding dome 


> 
Ne earmold (no vent) 


earmold (with vent) 


Figure 164.7 Chart of combinations of 
BTEs, tubing, and coupling to the ear. 


want the child turning down (or off) the hearing aid. With 
the advent of improved feedback management strategies, 
some feedback will be reduced, but a poor fitting earmold 
cannot be compensated for by feedback management. The 
child should be seen proactively to replace earmolds prior 
to feedback problems. 


TELEPHONE ACCESS 


Individuals across the life span need access to telephone 
communication. No one should be provided with an 
amplification system that does not include a telephone 
solution. The clinician is now faced with creating solutions 
for landline phones, cell phones, and hands-free options. 
The challenge with telephones is that even with an excel- 
lent fitting earmold and the use of advanced feedback man- 
agement, when a hearing aid user holds a telephone (or 
anything else) close to a hearing aid microphone, the hear- 
ing aid will most likely produce feedback. Landline phones 
emit an electromagnetic signal that can be picked up by 
a hearing aid telecoil circuit. When the hearing aid (BTE 
or ITE) is switched to the telecoil circuit, the microphone 


Figure 164.8 Receiver in the ear (RIC, panel A) and receiver in 
the aid (RITA, panel B). 


is turned off, thereby eliminating the chance for feedback. 
Some hearing aids include automatic telecoils that are trig- 
gered by the magnet in the telephone when the telephone 
comes into proximity of the hearing aid. There is quite a 
bit of variability among telephones in terms of strength of 
electromagnetic leak and magnet. The key to successful use 
with a telecoil is instructing the BTE hearing aid user to 
hold the telephone above their ear near their hearing aid. 
This is strange for the individual in the beginning because 
they are used to holding the phone to their ear canal. The 
hearing aid user may need to try several phones before they 
find one that works well with their hearing aid. Individuals 
with open fit BIEs who by definition will have good low- 
frequency hearing may find that they can continue to use 
the phone successfully by holding it to their open ear 
canal. If this is not sufficient, they may need to simply raise 
the volume on the telephone slightly. Most patients includ- 
ing many children now use cell phones. Normally hearing 
individuals use cell phones by holding them to their ears 
or through a Bluetooth wireless connection. Depending on 
the style of the hearing aid, the hearing aid user also will 
have these options in slightly modified forms. A chart of 


Figure 164.9 Examples of cerumen guards and their applicators. 


2662 Section IX: Otology 


TABLE 
164.2 TELEPHONE SOLUTIONS 


Style Landline Phone 
Standard BTE with occluding Telecoil 
earmold Speaker Phone 
Standard BTE with open fit Hold normally 
Mini BTE with open fit Hold normally 
Mini BTE with occluding Hold slightly tilted from 
earmold microphone to reduce feedback 
ITE Telecoil 


Speaker phone 


ITC Speaker phone 
CIC Hold normally 
Deep insertion Hold normally 


Cell Phone? Bluetooth Hands Free 
Hold slightly tilted from Intermediary device to receive 
microphone to reduce Bluetooth and transmit to 
feedback hearing aid 
Hold normally Intermediary device to receive 
Bluetooth and transmit to 
hearing aid 
Hold normally Bluetooth receiver may fit in 
open ear canal 
Hold slightly tilted from No solution 
microphone to reduce 
feedback 
Hold slightly tilted from Intermediary device to receive 
microphone to reduce Bluetooth and transmit to 
feedback hearing aid 
Speaker phone No solution 
Hold normally No solution 
Hold normally Bluetooth receiver may fit in ear 
canal 


By law, some cell phones do have an induction signal. If this is the case, then the users can use their telecoil. 


possible solutions for each style of hearing aid is provided 
in Table 164.2. 


ABILITY TO COUPLE TO OTHER SOUND 
SOURCES 


Individuals who are pursuing hearing aids may already 
couple other listening devices to their ears. These might 
include Bluetooth phone receivers (discussed above), 
MP3 earphones, dictation earphones, stethoscopes, and 
in-ear monitors (anesthesiologists, newscasters, etc.). The 
variety of possible solutions are too varied to discuss in the 
context of this chapter, but the individual responsible for 
selecting the hearing aid style, earmold coupling, and tech- 
nology will want to know about these devices in order to 
include them in the final hearing aid selection decision. 


ABILITY TO COUPLE TO ASSISTIVE 
LISTENING DEVICES 


Assistive listening devices are designed to overcome prob- 
lems of noise and distance for the hearing aid user (23). 
The basic assistive device provides an offsite microphone 
(separate from the hearing aid) that is placed as close to 
the sound source of the signal of interest as possible. The 
transmitter attached to the microphone then sends this 
signal via a transmission technology (FM, infrared, electro- 
magnetic) to be picked up by a receiver that will then direct 
the sound to the hearing aid or directly by the hearing aid 
with a built in receiver. Figure 164.10 provides the various 
iterations that are possible with current assistive listening 
systems. For the adult population, assistive listening devices 


are often pursued if they have specific listening situations 
that are identified during the hearing aid selection process 
that cannot be solved by hearing aids or after the selection 
process if the individual finds they are still not communi- 
cating as well as they would like in challenging situations. 
The goal of the clinician is to predict the need for assis- 
tive technology, so the selected hearing aids will be com- 
patible with receiving the transmission signal. There also 
are intermediary devices available that receive the signal 
and pass it on to the hearing aids. Not all brands or styles 
of hearing aids are able to couple with assistive listening 
devices. With the advent of Bluetooth technology, many 
hearing aid users would like their hearing aid to pick up 
a Bluetooth signal. This certainly would create a variety of 
universal solutions for phone, computer, and television lis- 
tening. Unfortunately, at the current time Bluetooth trans- 
mission and reception creates a great deal of battery drain 
that cannot be supported in current hearing aids. Therefore, 
a Bluetooth signal must be received by an intermediary 
device (usually worn around the neck), and then an induc- 
tion signal is passed on and received by the hearing aids. 


REMOTE CONTROL 


Some patients would like to have quite a bit of control over 
the hearing aids, and some patients want to put the hearing 
aids in and forget about them. This is an issue that is best 
defined during the preselection process. Some of the styles 
of hearing aids (BTE, ITE) will come with controls that 
are accessible on the case (i.e., program button, volume 
control) if the clinician orders them. Smaller hearing aids 
(e.g., CIC) will have very little room for controls. In these 
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cases, the individual may like to have a remote control. 
The remote control may control volume and program 
selection. At least one manufacturer now has an “app” for 
volume and program control that can be accessed through 
a cell phone. 


BATTERIES 


All hearing aids continue to need batteries in order to oper- 
ate. Hearing aid battery sizes include 675, 13, 312, and 
10 batteries with 10 being the smallest (generally for ClCs 
and mini BTEs). Patients will experience a range of battery 
life from 3 to 5 days up to 2 weeks depending on the style 
of hearing aid, size of battery, and number of hours the 
hearing aids are used. 


HEARING AID FITTING 
Achieving Audibility 


The challenge of fitting amplification is fitting the range 
of sound one encounters in day-to-day life into the 
reduced dynamic range of the individual with hearing 
loss. Figure 164.11 shows an audiogram of an individual 
with moderate to profound sensorineural hearing loss. 
The X’s and O’s indicate the pure-tone threshold levels 
at which the individual can hear sound 50% of the time. 
Therefore, the individual cannot hear sound below that 
level. In this example, we will say that the individual 


Offsite Intermediate 
Microphone Near Receiver Worn 
Sound Source* Transmission on Body Transmission Hearing Aid 
Microphone FM FM receiver Induction loop HA with telecoil 
HA with DAI jack 
or boot 
Microphone FM > HA with built in 
or plug in FM 
receiver 
Microphone Infrared Infrared Induction loop HA with telecoil 
receiver 
HA with DAI jack 
or boot 
Microphone Induction > HA with telecoil 
area loop 
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will become uncomfortable when sound is presented at 
around 105-dB HL. So, at 1,000 Hz, an individual with 
normal hearing would have a dynamic range of 105 dB 
(O- to 105-dB HL). The individual whose hearing loss is 
shown in Figure 164.11 has a dynamic range of 40 dB in 
the right ear at 1,000 Hz (threshold of 65 and discomfort 
level of 105). In order to return audibility for soft, mod- 
erate, and loud sounds while maintaining comfort, the 
hearing aid employs expansion and compression signal 
processing. Compression allows gain to be differentially 
applied according to input level with more gain applied 
to soft sounds and less gain applied to loud sounds (30). 
For soft input levels, enough gain to achieve audibility 
(to produce an output greater than threshold) is applied; 
there will be less gain applied to a moderate sound and 
even less to the louder sounds. This allows for audibil- 
ity across the wide range of input levels to be compressed 
into a much smaller range of output levels. Expansion is 
used to reduce circuit noise (microphone noise) and to 
make very low-level sounds less annoying. In essence, 
it is the opposite of compression and applies very little 
gain to extremely quiet inputs (inputs below the compres- 
sion threshold) and then increases gain as the soft inputs 
increase. Compression and expansion signal process- 
ing are described by the threshold at which they activate 
(input level), the ratio of compression or expansion (e.g., 
a typical compression ratio for hearing aids set for a mild- 
to-moderate sensorineural hearing loss will be 2:1 to 3:1), 
and attack and release time. There is consensus regarding 
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the need for fast attack times. The research has been less 
clear related to release times. The most recent study (31) 
indicated that there is little difference between slow and 
fast release times, and both may have uses for different 
signals. At this point, attack and release times are set by 
the manufacturer and are not controlled by the hearing 
aid fitter. Compression threshold can be manipulated in 
the hearing aid fitting, and compression ratio is altered 
whenever gain is increased differentially for soft versus 
loud sounds. 

As can be seen in Figure 164.11, many hearing losses 
change across frequencies with more hearing loss in 
some frequency regions as opposed to other frequency 
regions. In order to account for these changes and the 
resulting need to differentially program the hearing aid 
gain to produce audible signals across input levels, chan- 
nels are used in hearing aids. A channel is a filtered fre- 
quency area that has its own amplifier and therefore 
can have specific compression characteristics (threshold 
and ratio). In Figure 164.11, the low-frequency channel 
would have different compression characteristics than the 
mid- or high-frequency channel. In order to obtain opti- 
mum speech intelligibility, 2 to 4 channels are necessary 
(30). Many current hearing aids have 10 to 20 channels 


available. The larger number of channels is related to their 
use in feedback management, which is discussed later in 
the chapter. 

The bandwidth of a hearing aid, which is operationally 
defined by the lowest and highest frequency where audible 
output for the hearing aid user can be achieved, also con- 
tributes to audibility. Most commercially available hearing 
aids have output up to 4,000 to 5,000 Hz. The limits of 
the high-frequency bandwidth are dictated by the digital 
sampling used by the hearing aids. If the hearing aid is 
sampling at a rate of 10,000 Hz, then the bandwidth will 
be 5,000 Hz (half the sampling rate). Higher sampling 
rates would result in a wider bandwidth but also result in 
increased battery drain that would be unacceptable to the 
user. For children learning speech and language, a 5,000-Hz 
bandwidth is not adequate (32). A bandwidth out to 8,000 
to 9,000 Hz is necessary for the correct perception of the 
sound /s/ for young children (33-35). Adults who can rely 
on context are able to fill in missing sounds and informa- 
tion from the amplified signal, but this requires more effort 
than if the signal was completely audible. The major man- 
ufacturers are all working on increasing the bandwidth of 
their hearing aids including the low-frequency limits that 
contribute to enjoyment of music. 


UPMC | fersaatze“# 


Center for Heanny Z Balance 


Name 


TestRetadaty EIGIFIP 


Audiology & Hearing Aid Services 


KS ue Poe 70 Date 
Complant/Purpose [_]Meating loss [[] Otzzines ["] Tinntus [7] otatgis ["] tigeminal eursigis ["] Orner 
Audiometer Cott ated Lest Test 
92557 


Hearing Level in Oecibels ro: ANS! 


Tympanom: 


Recommendations; [7] Otclogical evaluaticatolow-up 


Figure 164.11 Example audiogram. tee 2002 


Frequency in Hertz 
$00 750 1K SSK 2K OK 4K EK EK 


PB-NUG/ [nav /REC | Hatt / Fut List 
SNR Test SIN/HENT Earphones: TOH/ Inset 


Heating Aid / Cochlear Imptant 


Acoustic Reflexes (95363) 


(92562) — Comment 


CD Restest as needed 
(D) Ear Protection for intense sounds oO 
(DD Amplification 


Audiclogist 


Chapter 164: Hearing Aids and Assistive Listening Devices 


Recently, frequency lowering has been reintroduced into 
the hearing aid market in order to resolve audibility issues 
for individuals who cannot access high-frequency audibil- 
ity because of the severity of their high-frequency hearing 
loss (severe to profound degree of loss in the high frequen- 
cies with mild-to-moderate hearing loss in the low to mid 
frequencies). Frequency lowering comes in three forms 
currently: nonlinear frequency compression, linear fre- 
quency transposition, and spectral feature identification. 
In nonlinear frequency compression, a cut off frequency 
is chosen based on the hearing loss, and the frequencies 
above that point are compressed into an audible range for 
the listener. In linear frequency transposition, the frequen- 
cies above the cut off are literally shifted down on top of 
other frequencies. In spectral feature identification, iden- 
tifies high-frequency features in the signal and replicates 
those features at a lower frequency. In each case, the signal 
is a distortion of the original but also provides audibility 
to sounds that would not be audible. Success in using this 
signal processing has been reported with children, but the 
utility with adults who have not heard this type of sound 
previously is less clear (36-38). In either case, auditory 
training would be a reasonable recommendation as indi- 
viduals learn to use these new sounds. 

The hearing aid/cochlear implant hybrid currently 
under investigation also is aimed at the type of hearing loss 
that has no more than moderate severity in the low fre- 
quencies with profound hearing loss in the high frequen- 
cies. Once again, the new signal that combines electric 
and acoustic hearing will most likely require some level of 
auditory training to become accustomed to the signal. 

Feedback management strategies also can be grouped 
under technologies that potentially increase audibility. 
The general goal of a feedback management system is to 
provide more usable gain prior to feedback. Manufacturers 
employ different strategies for feedback management, and 
the success of these strategies varies. Commonly, the hear- 
ing aid identifies feedback through the ongoing analysis of 
the incoming signal by identifying a pure-tone signal that 
is not commonly heard in day-to-day communication. 
Once this signal is identified, the gain in the specific chan- 
nel that corresponds to the frequency can be temporarily 
reduced. Some strategies provide a matching signal that is 
180 degrees out of phase in order to cancel the sound (39). 
Feedback management is a problem if the individual actu- 
ally is trying to listen to pure tones (eg., in some musi- 
cal compositions or if the individual is a musician), and 
therefore many hearing aids come with a “music” program 
that disables the feedback and noise reduction features so 
music will remain intact. 


HEARING IN NOISE 


The majority of commercially available hearing aids are 
connected to a computer for programming. This includes 
adjusting the gain for different frequency channels as a 
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function of input level, selecting feedback management, 
and frequency shifting as described above. In addition, 
most levels of technology come with features meant to 
impact the listeners experience in noise since hearing in 
noise is one of the most common challenges for individu- 
als with hearing loss. The first recommendation that should 
be made to the hearing aid user is to wear the amplifica- 
tion full-time and to wear two hearing aids (23). Both of 
these solutions will assist the hearing aid user in hearing 
in noise. Individuals who try to use amplification part time 
often complain that sounds seem too loud and that all they 
hear is noise and not the signal of interest. In these cases, 
the brain continues to try to adjust to the new amplifica- 
tion without receiving a consistent, full-time signal. 

The majority of hearing aids use digital signal process- 
ing. It is this processing that has allowed for more and 
more complex algorithms that evaluate and process the 
incoming signal. The clinician responsible for verifying the 
hearing aid fitting also will be the person setting these vari- 
ous parameters. 


DIRECTIONAL MICROPHONES 


One of the most important technology developments for 
tackling the problem of hearing in noise was the use of 
directional microphones on hearing aids (40,41). This tech- 
nology continues to develop, and currently most hearing 
aids have a “smart” program that changes the microphone 
setting depending on the sound that is being sampled by 
the hearing aid. Because of the digital nature of the signal 
processing system, sound coming into the microphone can 
be sampled in real time. The signal processing algorithm 
analyzes the amplitude envelope of the incoming signal. 
If it determines that the amplitude envelope is steady state 
(little variation), it classifies the signal as primarily noise. If 
it identifies the amplitude envelope as varying, it identifies 
the signal as speech. When speech is the primary signal, 
the omnidirectional setting will be engaged. When noise 
is the primary signal, the directional microphone will be 
engaged. Within the directional microphone setting, vari- 
ous polar patterns of directionality can be implemented. 
Figure 164.12 provides a sample of polar plots that might 
be associated with a hearing aid. These polar plots will not 
look as organized when the hearing aid is actually in a per- 
son’s ear since head and body baffle effects are present. In 
essence, a directional microphone is less sensitive to cer- 
tain areas around the listener. In Figure 164.12, panel C, 
a cardioid polar plot is depicted. The individual will have 
less sensitivity to sound in the back and more sensitivity in 
the front. Successful use of directional microphones con- 
tinues to demand environmental manipulation from the 
patient. The patient must position themselves so the sig- 
nal of interest is in front and so the majority of unwanted 
noise is in back. Further, if the individual is trying to com- 
municate in a highly reverberant room, the directional 
microphones will be of little assistance because noise will 
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Figure 164.12 Polar patterns for (A) omnidirectional, (B) bidirectional, (C) cardioid, and (D) hyper- 


cardioid microphones. 


be surrounding the individual as it bounces off hard sur- 
faces. This is why investigators have found that directional 
microphones are considered useful in about 25% of com- 
munication situations for adults (42). The hearing aid user 
has to understand that the hearing aids do not know the 
intent of the listeners (i.e., what sound source the listener 
is trying to listen to) so the listeners must orient them- 
selves to that signal. 

Traditionally, directional microphones were not recom- 
mended for young children based on the philosophy that 
we do not want to reduce the input to the hearing aid since 
quite a bit of childhood learning comes through inciden- 
tal listening. Two laboratories (43,44) have focused on the 
use of directional microphones in young children recently 
coming to opposite conclusions. The Australian Laboratory 
(44) currently recommends using directional microphones 
(and noise reduction signal processing) in all hearing aids 
regardless of age, and the US Laboratory (43) currently 


does not recommend the use of directional microphones 
with children until they are old enough to understand and 
manipulate the settings (~12 years old). 


DIGITAL NOISE REDUCTION 


Digital noise reduction functions in the same manner as 
directional microphones in terms of when it is activated. 
If the hearing aid identifies the incoming signal as steady 
state, it assumes that the primary signal is noise and that 
the signal should be reduced. Digital noise reduction 
may be employed as a function of frequency channels, 
thereby reducing gain in some frequency regions more or 
less than others. The reality of the signal processing is that 
gain is reduced and therefore the noise and any speech are 
decreased in intensity. Therefore, it is not surprising that 
studies have not shown an increase in intelligibility when 
digital noise reduction is employed (45). Investigations 


Chapter 164: Hearing Aids and Assistive Listening Devices 


have shown an increase in comfort and a decrease in listen- 
ing effort with the use of digital noise reduction (45-48). 


OTHER SETTINGS THAT CUSTOMIZE 
THE HEARING AID FITTING 


Current technology offers a myriad of features that may 
be selected or deselected depending on the fitter’s and 
patient’s preference. The clinician will want to be aware of 
the various default settings of manufacturers, so they do 
not inadvertently send the new user out with signal pro- 
cessing or features that they did not intend to use. Many 
of the more advanced technology now have the option for 
the two hearing aids to communicate. This can be a conve- 
nience in that the hearing aid user can adjust one volume 
control and both hearing aids will receive the change in 
setting. A more sophisticated use of this same technology 
is to ensure that if one hearing aid switches into the direc- 
tional setting, the other hearing aid will do the same. Fora 
previous user who is not use to this, it is worth taking a few 
minutes to explain what is happening. 

Hearing aids now are equipped with data logging that 
allows the clinician to see how the hearing aids have been 
used. Tracking data are available to determine the number 
of hours per day of use, whether the hearing aids are worn 
in situations classified as quiet or noisy by the hearing aid, 
and number of times the volume was manipulated or lis- 
tening programs where changed. The clinician may want to 
describe this feature to new users, so they are not surprised 
when the clinician can comment on how many hours per 
day they have been using the devices. The newest iteration 
of data logging is data learning or training. When this fea- 
ture is activated, the hearing aid actually changes gain and 
compression settings based on the user’s manipulation of 
the volume control over time. Studies have shown that the 
changes the user makes will be dependent on the original 
settings of the hearing aid (49,50), which simply lends 
support to carefully setting the instruments for audibility 
on the day of the fitting. There is some disagreement as 
to whether this feature should be turned on at the time 
of fitting or whether new users should have an adjustment 
period before this “fine-tuning” feature is activated. 

Hearing aids come with a variety of alerting signals to 
allow the user to know when a program has been changed, 
when the volume has been changed, and when the battery 
is about to die. These signals can be in the form of beeps, or 
they can be set so a voice indicates the change (e.g., “battery 
low”). It may be a surprise to the hearing aid user to hear a 
voice in their ear, so it is best to test these signals while the 
patient is in the clinic so they will know what to expect. 


PRESETTING AND VERIFICATION 


The output and gain of hearing aids can be measured in 
a coupler or in the ear of the individual. The coupler pro- 
vides a standard from which various aspects of the hearing 
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Figure 164.13 Behind-the-ear hearing aid connected to a coupler 
and ready to be evaluated in a test box. 


aid response can be described. Figure 164.13 provides a 
picture of a BTE hearing aid attached to a coupler. When 
the test box is closed it creates a small anechoic chamber. A 
sound source is played from the speakers, the hearing aid 
microphone picks up the sound, and the output or gain of 
the hearing aid attached to the coupler is measured by a 
microphone attached to the other side of the coupler. The 
coupler mimics the ear canal of an average male. Figure 
164.14 provides an illustration of output for a moderate 
input signal and maximum output measured in a coupler. 
A record of the hearing aid gain after the hearing aid has 
been programmed for the individual may be kept, so if 
there are any problems with the hearing aid, the response 
can be checked quickly and accurately. Coupler measures 
also can produce information about distortion in the hear- 
ing aid, circuit noise, and battery drain. For the purpose of 
verifying a hearing aid fitting and programming the out- 
put across frequencies and intensity levels, real ear probe 
microphone measures are used. In all cases of verification, 
the goal is to measure the output of the hearing aid that 
will be achieved at the individual’s tympanic membrane 
and to compare it to evidence-based targets of the desired 
output. 

Both the Pediatric Amplification Guidelines (16) and 
the Adult Amplification Guidelines (17) provide recom- 
mendations for verifying that soft, moderate, and loud 
signals are audible. The verification technique consists of 
placing a microphone in the ear canal with the hearing aid 
inserted. Soft, moderate, and loud speech or speech-like 
signals are played through a loudspeaker, and the result- 
ing output in the ear canal is measured and displayed 
against the individual’s frequency-specific thresholds dis- 
played in sound pressure level (SPL). For this to be an 
accurate assessment of audibility, the individual’s hear- 
ing thresholds have to be converted from hearing level 
(HL) to SPL. The real-ear-to-coupler difference (RECD) 
measurement is used to convert HL to SPL data (51,52). 
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Figure 164.14 Example coupler res- 
ponse. The x-axis displays frequency (250 
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Figure 164.15 provides the calculation used when apply- 
ing RECD to HL thresholds in order to obtain SPL thresh- 
olds. Figure 164.16 provides the threshold data in SPL 
from the patient whose audiogram can be seen in Figure 
164.11. RECD has been applied to the original HL thresh- 
olds and the resulting SPL thresholds are plotted, so the 
hearing aid output can be compared to the individual’s 
dynamic range. This correction in the conversion from HL 
to SPLis especially critical when fitting children due to the 
difference in size between adult and pediatric ear canals. 
The average conversion data are based on average adult 
data. The resulting SPL thresholds are used to provide tar- 
get output levels for the soft, moderate, and loud inputs 
across frequencies measured in the ear canal of an indi- 
vidual. Both the DSL (i/o) v.5 and the NAL/NL1 v.2 are 
evidence-based fitting formulae that will produce targets 
for this purpose (53-55). In the case of an infant or young 
child, the clinician armed with the RECD data can preset 
the hearing aid using coupler measurements and be able 
to evaluate the SPLs that will be achieved at the tympanic 
membrane of the individual child. The lines in Figure 
164.16 show the output of a hearing aid for a child where 
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thresholds and RECD were used to preset the hearing aid. 
The hearing aid was manipulated until the output for the 
soft, moderate, and loud levels closely matched the DSL 
(i/o) v.5 targets. 

During a hearing aid fitting, the hearing aid is first 
programmed by entering HL threshold data into the man- 
ufacturer’s software. The software then makes a calcula- 
tion of gain and other parameter settings (compression 
threshold, etc.) to provide a starting place for the fitting. 
Data indicate that this starting point can vary drastically 
between manufacturers (56-58) and will not guarantee 
audibility (in most cases high-frequency signals will not 
be audible). Therefore, measurement and tuning of the 
hearing aid to achieve audibility is essential, and the “first 
fit” from the manufacturer can only be considered a start- 
ing place. 

Any features that have been selected for the hearing aid 
users should be verified as well. This would include direc- 
tional microphones and telecoils. The directional micro- 
phone can be assessed using a front-to-back ratio, which 
is completed by setting the hearing aid to the directional 
setting and completing probe microphone measures as 
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RETSPL: Reference Equivalent Threshold Sound Pressure Level 


RECD: Real Ear to Coupler Difference 


Figure 164.15 Converting HL to SPL thresholds using real-ear-to-coupler difference (RECD). 
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Figure 164.16 Real ear probe microphone output measures. 
This standard measure of hearing aid verification shows the output 
of the hearing aid for three input levels (55-, 65-, and 85-dB SPL). 
The plus signs illustrate the target output for each level across fre- 
quencies. Frequency is displayed across the x-axis, and output (dB 
SPL) is displayed on the y-axis. The Os represent the right hearing 
thresholds and the * represent the output that would be uncom- 
fortable for this person. The range between these two symbols is 
the dynamic range. 


described above. Then a second probe microphone mea- 
sure is made with the speaker behind the individual. The 
output measurement behind the individual (with the 
directional microphone activated) should be less than the 
output measured with the speaker in front of the individ- 
ual since the directional microphone should be less sensi- 
tive to sound coming from behind. 

It is advisable to practice using the telephone with the 
new hearing aids prior to the patient leaving the clinic. The 
clinician may want to have the individual call a recording 
of the weather in order to have a signal to listen to through 
a landline and cell phone. 

A recent study (59) found that there was a significant rela- 
tionship between the testing conducted at the fitting and the 
patient's perceived benefit from and satisfaction with ampli- 
fication. Measurement of loudness discomfort, use of real 
ear probe microphone measures, and some form of outcome 
assessment added to the individual’s perceived satisfaction. 


ORIENTATION 


Once the hearing aid is programmed and the various set- 
tings have been selected, the new hearing aid user or 
parents of young children with hearing aids need to be 
oriented to the use and care of the amplification devices. 
Table 164.3 includes the various items that should be 
explained and practiced prior to the adult or child leaving 
with the hearing aids. As soon as a child is old enough to 
care for the hearing aids, he/she should be encouraged to 
do so. All of the care givers involved in a child’s care need 
to understand the care and use of the hearing aids. 
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TABLE 
ORIENTATION CHECKLIST 


164.3 


Removing aids 

Inserting aids 

Opening the battery door 

Overnight storage 

Battery insertion 

Battery life, storage, disposal, toxicity 

On/Off function (if applicable) 

Volume control (if applicable) 

Telephone coupling and use 

Assistive device coupling and use (if applicable) 
Remote control or multimemory button (if applicable) 
Cleaning and maintenance (tools) 

Warranty explanation 

Insurance information 

Basic trouble shooting 

Storage 
Moisture solutions 

Issues of retention 
Recommended follow-up 


OUTCOME ASSESSMENT 


Whereas verification measures that the hearing aid is 
producing audible signals, outcomes assessment evalu- 
ates whether the goals of the hearing aid fitting have 
been achieved. These goals may be related to speech and 
language development for a child or communicating effec- 
tively in particular situations for an adult (e.g., work, home). 
Several psychometrically sound instruments are available 
for use in outcome assessment with the adult and include 
the Independent Outcome Inventory for Hearing Aids (60) 
and the Satisfaction with Amplification in Daily Life (61). 
Objective tests of speech recognition are not widely recom- 
mended for outcome assessment because the testing envi- 
ronment in the clinic is controlled and artificial compared 
to the communication situations in which hearing aid users 
will find themselves. There are a variety of surveys currently 
used to assess amplification outcomes in children (62-71) 
that focus on various individuals in the child’s communica- 
tion environment including parents and teachers. 


ASSISTIVE TECHNOLOGY BEYOND THE 
HEARING AID 


Some hearing aid users may find that they require further 
assistance when communicating in noise or at a distance. 
If environmental manipulations will not solve these chal- 
lenges, then the clinician may want to recommend assistive 
listening technology. Figure 164.11 provides examples of the 
types of transmission signals and coupling arrangements that 
can be used with assistive listening devices. Assistive listening 
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devices consist of a microphone or direct line into a sound 
source. The sound is then transmitted via a wireless technol- 
ogy (FM, infrared, induction) that is picked up by a receiver 
either worn on the body of the hearing aid user or housed 
within the hearing aid. If the signal has been picked up by 
a body-worn receiver, then there is one more transfer to the 
hearing aid via direct audio input (hardwired) or induction. 
Listeners who do not use hearing aids can use earphones to 
receive the signal from an assistive listening device. 

Adults will find these systems useful in meeting situations 
and restaurants where either background noise or distance is 
preventing them from functioning well in these challenging 
environments. Children will benefit from assistive listening 
systems in a variety of situations. For the very young child, an 
EM system may be used so the child can hear mom, dad, or 
the radio/CD while sitting in the backseat of a car. Assistive 
listening devices will be used in classroom situations to 
ensure that the child with hearing loss can hear the teacher. 
For children with personal hearing aids, an FM system will 
most often be recommended. For a child with minimal hear- 
ing loss or unilateral hearing loss, a sound field system may 
be recommended. Soundfield equalization systems consist of 
a microphone and transmitter worn by the teacher that send 
sounds via FM transmission to speakers placed throughout 
the room or to a single speaker placed on the student's desk. 
These systems equalize the level of sound throughout the 
room and create a sound environment that puts every child 
in the front row (with the best possible signal level and signal- 
to-noise ratio). Data have revealed that these systems are help- 
ful to all of the children in the classroom. The personal system 
(with the speaker on the child’s desk) helps only the child 
who is sitting at that desk, but is then portable so the child 
can carry the lunch box-sized device to the next classroom. 

The coupling stage of these systems require that the 
hearing aid be compatible with the assistive listening 
device. Even if an assistive listening device is not ordered at 
the time of the hearing aid fitting, it is wise to discuss these 
options so the selection of the hearing aid has the potential 
for compatibility with assistive devices that may be pursued 
in the future. Currently, behind-the-ear hearing aids can 
have built-in FM receivers that are very attractive to users 
because there are no other cords and boxes to be worn. 

As part of the communication assessment conducted 
with the adult or parents of children with hearing loss, the 
clinician will want to discuss the patient’s ability to alert 
to warning signals. For the child, the clinician may want 
to refer to the Developmental Index of Auditory Listening 
(66) to get a sense of when to expect children to alert to 
and use various auditory signals (e.g., alarm clocks, phone 
use). This instrument will help guide the clinician and 
family in terms of what technology may allow the child 
to continually seek independence in using auditory sig- 
nals. Important alerting signals are listed in Table 164.4. 
Individuals with hearing loss will need to alert to these 
signals when they are not wearing their hearing aids since 


SIGNALS TO WHICH INDIVIDUALS 
yy) MAY NEED TO ALERT 


Telephone ring 
Doorbell ring or knock 
Turn signal in car 
Pager 

Alarm clock 

Smoke detector 

Baby 


traditional wear hearing aids are not worn during sleep. 
There are a variety of signals that can be used to make 
the person aware of an alerting signal including louder 
sounds, lower-frequency sounds, vibrations, lights, and 
fans. Choosing the best signal for the individual will be 
a process. Some individuals may want the alerting signals 
coordinated so they can wear a wristband and have a dif- 
ferential tactile signal depending on what signal is being 
triggered (i.e., baby monitor, doorbell, phone ringer, etc.). 


SUMMARY 


Providing complete hearing health care requires services of 
audiology and otolaryngology. The use of hearing aids and 
assistive listening devices is part of a larger auditory (re) 
habilitation plan that should be individually designed for the 
patient. The goal of amplification is to return audibility for 
soft, moderate, and loud sounds while maintaining comfort. 
There are a variety of hearing aid features and signal process- 
ing that allow the clinician to further tailor the solution to the 
individual. The clinician involved in the provision of amplifi- 
cation is challenged with monitoring developments in hear- 
ing aid technology that are introduced every 3 to 6 months. 
The clinician is required to be a critical consumer not only of 
published data (which can be three cycles behind the tech- 
nology currently on the market) but also of marketing mate- 
rials supplied by manufacturers. The clinician is the bridge 
between the evidence base and the consumer whose goal is to 
obtain a cost-effective solution to communication challenges. 
The clinician must understand the individual’s hearing loss, 
communication needs, and listening environments in order 
to recommend a solution that will address the patient’s needs 
while fitting into the individual’s lifestyle. Properly fit ampli- 
fication can significantly enhance the quality of life for the 
individual with hearing loss and the family (72-75). 
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Chapter 164: Hearing Aids and Assistive Listening Devices 


There is some type of treatment for all degrees and 
types of hearing loss. 

The primary purpose of amplification is to return 
audibility for quiet, moderate, and loud sounds 
while maintaining comfort; therefore, verification 
techniques should be aimed at confirming these 
results. 

The “first fit” program used by manufacturers is a 
starting place but will not guarantee a properly fit 
hearing aid. The output of the hearing aid at the 
tympanic membrane has to be measured to properly 
program a hearing aid. 

Successful hearing aid use requires full-time hearing 
aid use. 

There is no one best hearing aid for everyone, but 
there is a best hearing aid for a particular individual, 
and this will be based on assessments that include 
communication needs and lifestyle assessment. 

An evidence-based approach should be used in rec- 
ommending technology in order to avoid “oversell- 
ing” technology that will not likely benefit the patient. 
Hearing well in noise requires the patient to use 
two hearing aids if appropriate for the hearing loss 
and to wear the hearing aids full-time. Other tech- 
nologies that may help in noise include directional 
microphones and assistive listening devices. 
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Clinical Evaluation of the 
Patient with Vertigo 


Courtney C. J. Voelker 


Magnitude of the Problem in Population 


The diagnosis and management of the patient with dizzi- 
ness and imbalance can be perplexing and challenging. 
Dizziness is a common symptom affecting 20% to 30% of 
the general population in the United States (1,2). Among 
patients 75 years of age and older, balance disorders are 
the most common reason for visiting a physician (3). In 
the elderly, falls caused by dizziness and poor balance are 
associated with morbidity and even mortality. Such falls 
constitute a major health care burden in our aging popu- 
lation (4). Early detection and intervention in these cases 
can result in significant improvement in the quality of life 
as well as in a decrease in disability and reduction in health 
care costs (4). It is, therefore, incumbent on those who diag- 
nose and treat dizziness to recognize the complexity of the 
problem, develop a systematic and efficient process for gath- 
ering accurate historical information, perform a structured 
neurotologic examination, and provide a rational treatment 
approach that addresses all major contributing factors. 


Multifactorial Nature of Dizziness 


The three primary sensory inputs responsible for balance 
originate from the vestibular, visual, and somatosensory 
(proprioceptive) pathways. Maintenance of balance requires 
accurate integration of three processes: (a) appropriate 
detection of various environmental sensory inputs, (b) accu- 
rate central nervous system (CNS) integration of all sensory 
input and production of an appropriate neural response, and 
(c) performance of the correct muscle response for mainte- 
nance of postural control and gaze stability (Fig. 165.1). 
The vestibular labyrinth can be divided into the semicircular 
canals (SCCs) (horizontal, superior, and posterior) and the 
otolith organs (utricle and saccule). The primary function of 
the SCCs is to detect high-velocity, angular head movement 
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and to produce a compensatory eye movement via the 
vestibuloocular reflex (VOR) for stabilization of visual 
images on the retina and maintenance of acuity during head 
movement. In contrast, the primary function of the otolith 
organs is to sense linear acceleration (including gravity) and 
to produce compensatory postural changes in response to 
transient linear movements and changes via gravity through 
the vestibulospinal reflex (VSR) pathways. Taken together, 
the VOR and VSR serve to stabilize the visual world and 
upright stance and ambulation, respectively. 

The visual tracking and fixation pathways sense move- 
ment in the visual surround and allow the individual to 
respond to either slowly moving (smooth pursuit, optoki- 
netic) or novel (saccadic) objects of interest and augment 
the VOR for maintenance or acquisition of desired targets. 
With the vestibular system acting as the “gold standard” 
internal frame of reference, visual inputs are interpreted 
in combination with vestibular cues for generation of the 
desired eye movement for the task at hand. 

The somatosensory inputs from the feet, lower limbs, 
and trunk serve to orient the body to contact surfaces and 
respond to transient perturbations by generating reflexive 
corrective limb movements using the ankle joint as the pri- 
mary fulcrum of movement during upright stance. These 
cues, along with vestibular inputs, are critical for the main- 
tenance of upright stance and gait control. The absence of 
accurate vestibular cues or the transmission of incorrect cues 
invariably leads to poor posture control and ambulation, 
often resulting in falls. 

The second component of balance control is sensory inte- 
gration, which requires the brain to interpret and weigh all 
sensory inputs and generate a rapid and accurate response 
(Fig. 165.1). In some instances, sensory cues are in conflict 
or ambiguous. Under these circumstances, the brain must 
decide which cues are appropriate for the given situation 
and ignore or suppress those that have an incorrect orienta- 
tion. In susceptible individuals, motion sickness can result. 
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Figure 165.1 An integrated approach to the diagnosis 
of dizziness and imbalance. Maintaining balance requires 
a patient to sense the environment (via sensory afferent 
input), to integrate the environmental information via central 
processing, and to calculate the correct motor response 
(delivered via motor efferent output). Accurately locating the 
abnormality within this integrated system is crucial when a 
patient presents with dizziness, imbalance, or vertigo. (From 
Hughes GB, Pensak ML, eds. Clinical otology, 2nd ed. New 
York: Thieme Medical Publishers, 1997:44, with permission.) 


The final component of posture control is generating an 
appropriate motor response to sensory inputs. This elaborate 
task requires an intact peripheral motor system and adequate 
musculoskeletal capability. In some cases, sensory input and 
central integration are intact, but inadequate motor capabili- 
ties lead to imbalance and falls. It is, therefore, important in 
each patient with imbalance or dizziness to decide whether 
or not there is a sensory deficit, a central integration prob- 
lem, an inadequate musculoskeletal response, or a combina- 
tion of factors leading to their symptom complex. 


Importance of History 


A structured and thorough discovery of all pertinent histori- 
cal events is critical in the evaluation of the dizzy patient (5). 
In roughly 75% of cases, the history alone yields an accurate 
differential diagnosis, even before the physical examination 
or laboratory tests are performed (5). The reasons a precise 
history is essential are as follow: (a) Most disease processes 
that cause dizziness have a particular symptom pattern; 
(b) diseases of the inner ear and eighth cranial nerve cause 
distinctly different sensations than CNS, musculoskeletal, 
systemic, or psychogenic processes; (c) most patients are not 
experiencing an acute sensation of dizziness at the time of 
examination; and (d) the CNS has a remarkable way of com- 
pensating between episodes such that clinical examinations 
and laboratory findings are only seen during acute episodes 
or in cases of significant damage. As discussed below, devel- 
opment of a systematic approach to history taking allows 
the examiner to build a differential diagnosis even prior to 
performing the physical examination and further testing. 


Evaluation of Sensory (Vestibular, Visual, 
and Somatosensory), Central Integration, 
and Motor Control Aspects 


After obtaining a comprehensive history, the examiner then 
proceeds to perform a basic otolaryngologic and structured 
neurotologic examination. Causes of dizziness should not 


~ -ostural 
control 
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be overlooked at this stage and must be detected on the 
routine otolaryngologic head and neck examination (e.g., 
impacted cerumen, middle ear effusion, obstructed nasal 
airway, and sinus disease). Following this examination, a 
detailed evaluation of spontaneous and evoked eye move- 
ments, VOR and VSR functions, posture, and gait is per- 
formed. Special attention is paid to the function of each 
sensory input, central integration of these inputs, and the 
generation of an appropriate eye or trunk/limb movement 
for maintenance of gaze and upright stance. 


Judicious Use of Laboratory Testing 
to Quantify Deficits 


In many cases, the etiology of the patient’s dizziness is clear 
subsequent to taking the history and performing a thor- 
ough physical examination. Further audiovestibular, radio- 
logic, and serologic testing may be necessary to support the 
suspected diagnosis and to quantify the extent of the deficit 
prior to initiation of medical and/or surgical management. 
Furthermore, vestibular function tests as a whole exhibit 
fairly high specificity (80% to 85%), but only modest sensi- 
tivity (60% to 65%) (G6). Consequently, vestibular function 
tests are limited in their ability to “rule out” dysfunction for 
most diseases affecting the labyrinth or eighth cranial nerve. 
It is, therefore, incumbent on the specialist who manages 
the dizzy patient to understand the critical role of taking a 
comprehensive history and performing a structured physi- 
cal examination prior to ordering any further tests. 


HISTORY TAKING 


Methods: Questionnaire and Direct 
Questioning 


A variety of methods exists for gathering historical infor- 
mation from the patient prior to the physical examina- 
tion: (a) structured questionnaire mailed to the patient 
(see included example), (b) phone interview and verbal 


Patient Name: 
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Dizziness and Balance Center 


D.O.B:  /  / Sex:M  F 


Date: 


= 
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The following questions refer to your feeling of dizziness. Please answer them as “yes” or “no” and fill in all 


blanks. 


Please describe in your own words, the sensation you feel without using the word “dizzy”: 


I. Do you ever have any of the following sensations? 
Yes. Spinning in circles 

Yes Falling to one side 

Yes World spinning around you 


IL. The following refer to a typical dizzy spells: 


Do your dizzy spells come in attacks? 

How often? 

How long is the attack? 

Date of first spell? 

Are you free from dizziness between attacks? 

Does your hearing change with an attack? 

Are you dizzy mainly when you sit or stand up quickly? 
Are you dizzier in certain positions? 

Which position? 

Are you nauseated during an attack? 

Are you dizzy even when lying down? 

Have you had a recent cold or flu preceding recent dizzy spells? 
Have you had fullness, pressure, or ringing in your ears? 
Have you had pain or discharge in your ear of recent onset? 
Have you had trouble walking in the dark? 

Are you better if you sit or lie perfectly still? 


Il. The following refer to other sensations you may have: 


Do you black out or faint when dizzy? 
Have you had: 
Severe or recurrent headaches? 
Light sensitivity with your headaches or dizziness? 
Any double or blurry vision? 
Numbness in your face or extremities? 
Weakness or clumsiness in arms, legs? 
Slurred or difficult speech? 
Difficulty swallowing? 
Tingling around your mouth? 
Spots before your eyes? 
Jerking of arms or legs? 
Seizures? 
Confusion or memory loss? 
Recent head trauma? (If yes, please explain) 


No 


No 
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IV. The tollowing reter to your hearing. Indicate which side has been affected: 


Yes Difficulty hearing in one ear? Left Right Both No 
Yes Ringing in one ear? Left Right Both No 
Yes Fullness in one ear? Left Right Both No 
Yes Change in hearing when dizzy? No 
Have you had any of the following? 

Yes Pain in ears? Left Right Both No 
Yes Discharge from ears? Left Right Both No 
Yes Hearing change? No 
Yes Better? Left Right Both No 
Yes Worse? Left Right Both No 
Yes Exposure to loud noises? No 
Yes Previous ear infections? No 
Yes Previous ear surgery? No 

What? No 
Yes Family history of deafness? No 


Vi The following refer to habits and lifestyle: 


Yes Is there added stress to your life recently? No 
Yes Are you dizzy or unsteady constantly? No 
Is your dizziness related to: 
Yes Moments of stress? No 
Yes Menstrual period? No 
Yes Overwork or exertion? No 
Yes Do you feel lightheaded or have a swimming sensation when you are dizzy? No 
Yes Do you find yourself breathing faster or deeper when excited or dizzy? No 
Yes Did you recently change eyeglasses? No 
Yes Have you ever had weakness or faintness a few hours after eating? No 
Yes Do you drink coffee? How much? No 
Yes Do you drink tea? How much? No 
Yes Do you drink soft drinks? How much? No 
Yes Do you drink alcohol? How much? No 
Yes Do you smoke? What? How much? No 


Past Medical History: 


Please list your current medical problems and length of illness: 


Please list all surgery performed and approximate dates: 


Please list all allergies (including drugs) and reaction: 


Please list all medicines you currently take (including pain medicine, nonprescription medicine, nerve pills, 
sleeping pills, or birth control pills). 


Have you had any previous testing (hearing, x-rays, head scans, etc.)? 
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High blood pressure? 
Low blood pressure? 


Low blood sugar? 


Family History: 

Any family history of: 

Yes Migraine? 

Yes 

Yes 

Yes Diabetes? 

Yes 

Yes Thyroid disease? 
Yes Asthma? 


Please list any other diseases that run in your immediate family: 


System Review: 


Check all applicable symptoms: 


Constitutional: 


C Recent weight change 


Eyes: 
DO Loss of Vision 
OD LeftO Right OBoth 


Ear, Nose, Mouth, 
Throat: 

C Itchy ears 

OC Nosebleed 

C Loss of sense of smell 
CO Mouth growth, ulcer 
CD Pain on swallowing 
D Voice changes 


OC Fever 


0 Pain 
D LeftO Right 0 
Both 


0 Facial weakness 

D Sneezing 

O Growth in nose 

OD Chewing difficulty 
0 Heartburn 

D Breathing difficulty 


0 Fatigue 


OD Discharge/Tearing 
D Left 0 Right 
OBoth 


0 Nasal obstruction 
0 “Stuffy” nose 

DO Nasal bleeding 
OD Lump in neck 

CO Sore throat 

O N/A 


O N/A 


ON/A 


OC Nasal discharge 

D Snoring 

0 Drooling 

DC Dental problems/ 
Poorly fitting dentures 

D Bleeding from throat 
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Cardiovascular: 

OC Chest pain 

OC Leg pain with rest 
Respiratory: 

OC Wheezing 

OC Coughing up blood 
Gastrointestinal: 

C Decrease in appetite 


0 Diarrhea/Constipation 


Musculoskeletal: 
DO Neck pain 


Skin: 

OC Rash 
Neurological: 

OC Headache 

O Tremor 
Psychiatric: 

OC Insomnia 
Endocrine: 

OC Thyroid trouble 
O N/A 
Genitourinary: 

C Painful urination 
C Difficulty passing 
urine 


Hematologic/Lymphatic: 


O Anemia 


CD Irregular heart beat 
O N/A 


O Cough 
O N/A 


CO Nausea/Vomiting 
0 Indigestion 


OD Joint pain/Stiffness 


CO Swelling of legs 


O Shortness of breath 


DO Blood in stool 

CO Food intolerance 
DO Arthritis 

Name Joint: 


O Jaundice 


0 Blackout 
O N/A 


O Depression 


C2 Heat or cold 
Intolerance 


OC Veneral disease 
CO Incontinence 


C Bleeding problems 
0 Easy bruising 


OC Recent baldness 
CQ Seizures 


On Medication: 
OyYes ONo 


D Excessive sweating 
OD Blood in urine 
O N/A 


QO Blood disorder 
(e.g., Sickle cell) 


D Leg pain with walking 


O Mucous 

OD Difficulty swallowing 
(food sticks) 

O NA 


O N/A 


O N/A 


D Paralysis 


O N/A 


D Excessive thirst, hunger, 
urination 


OC Frequent urination at 
night 


ON/A 
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Do you have anything else to tell us about your particular problem that we have not asked you on this 


questionnaire? 


Physician Review with Patient: 


Physician Signature Date 


Rey, 01/09 


gathering of information, and (c) face-to-face interview at 
the time of the physical examination. The advantage of a 
structured questionnaire is its capability to supply com- 
prehensive data regarding the nature of the dizziness/ 
imbalance episodes, accompanying symptoms, additional 
medical conditions, medications, and lifestyle. However, 
such questionnaires must be simplified so that it is under- 
standable for the patient and well organized for the prac- 
titioner to efficiently interpret the data. Moreover, these 
questionnaires should be completed prior to the appoint- 
ment rather than hurriedly filled out in the waiting room. A 
well constructed and thoughtfully completed questionnaire 
can be a valuable tool for the examiner to review prior to 
the patient interview. Alternatively, a medical assistant can 
conduct a phone interview and record the data. The disad- 
vantages of this approach include that this method can be 
more time consuming and costly, and the resulting data are 
less comprehensive than the data from a written question- 
naire. Finally, the face-to-face interview by the physician is 
the most important step in confirming and/or clarifying 
what the patient has either written in the questionnaire 
or told the medical assistant by phone. Using the written 
questionnaire as a guide allows the examiner to ask directed 
questions during the interview in an efficient fashion to best 
understand the patient’s symptom complex (Table 165.1). 


Components of the History 


Distinction Between Vertigo, Disequilibrium, and 
Light-Headedness 

The first important piece of information in the history is 
the nature or quality of the sensation experienced during 
their episodes. Types of dizziness can be roughly divided 
into three broad categories: (a) vertigo, (b) disequilib- 
rium, and (c) light-headedness (Table 165.1). Vertigo can 
be defined as a false sense of motion within the patient's 
environment and is usually described as a “spinning, 
whirling, tumbling, or even rhythmic rocking” feeling (7). 
In most instances, patients will sense that the environ- 
ment is in motion around them (objective vertigo) and 
may describe the illusion that objects within their visual 
world (e.g., pictures, furniture, etc.) are actually moving in 
one direction or another before their eyes. In a minority 
of cases, the patients feel that they are in motion relative 
to a stationary world (subjective vertigo). In either event, 
the illusion of motion is distinct. Such strong sensations 
of environmental and/or self-motion are most often gen- 
erated by a sudden asymmetry within the peripheral ves- 
tibular system (labyrinth or eighth cranial nerve) and are 
valuable indicators of peripheral inner ear or nerve dys- 
function. 
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TABLE 


Components of the Interview 


What is the character of the dizzy sensation? 

What is the dizziness pattern? 

What is the time course of dizzy episodes? 

Was there an event associated with dizziness 
onset? 

What associated symptoms accompany the dizzy 
episodes? 
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165.1 THE HISTORY OF PRESENT ILLNESS IN A PATIENT WITH DIZZINESS 


Key Historical Features 


Vertigo, disequilibrium, or light-headedness 

Continuous or episodic 

Seconds, minutes, hours, days, or longer 

Head/inner ear trauma, barotrauma, upper respiratory infection, ear infection, 
systemic illness or infection, ototoxic medication 

Hearing loss, tinnitus (continuous vs. pulsatile), aural fullness, conductive 
hyperacusis, diplacusis, dysacusis, autophony, oscillopsia, otorrhea, otalgia, 


headache, facial or limb weakness, dysphagia, dysphasia, visual changes, 
photophobia, phonophobia, loss of consciousness, seizure 


What exacerbates the dizziness? 


What medications (past and present) could be 
involved? 
What is the patient’s past medical history? 


What is the patient’s past surgical history? 
What is the family history? 


Rapid head movement, particular head positions, increased pressure 
(Hennebert sign), sounds (Tullio phenomenon), hyperventilation, strong 
environmental stimuli (bright lights, odors, etc.), food triggers 

Antibiotics, antineoplastic, analgesics, antihypertensives, neuroleptics, 
antidepressants, sedatives 

Migraine, endocrine (e.g., diabetes), rheumatologic, cancer, cardiovascular, 
systemic infections 

Focusing on otologic or brain surgery 

Migraine, endocrine (e.g., diabetes), rheumatologic, cancer, cardiovascular, 


systemic infections, genetic mutations 


*See Table 165.2 for a more detailed discussion. 


In contrast with vertigo, patients who have disequilibrium 
describe difficulty maneuvering within their physical envi- 
ronment often without experiencing an illusion of motion 
(Table 165.1). Patients with disequilibrium may use syn- 
onyms like “imbalanced, clumsy, uncoordinated, or fear of 
falling,” and their symptoms are usually worse while stand- 
ing or ambulating. A variety of CNS, peripheral neuropathic, 
and musculoskeletal disorders can cause disequilibrium, 
although slowly progressive, bilateral vestibular loss with- 
out significant asymmetry may present with this complaint. 

The third category—light-headedness—comprises both a 
wide range of sensations (such as “wooziness, giddiness, 
feeling faint, or as if one is about to pass out”) and of 
etiologies (including migraine, vascular, metabolic, drug- 
induced, endocrine, or primary psychogenic causes) (Table 
165.1). Light-headedness, though, is less commonly a 
primary complaint of patients with damage of the periph- 
eral vestibular pathways. Instead, light-headedness is most 
often comorbid with vertigo and/or disequilibrium. 


Time Course 

Once the nature and quality of the sensation is elucidated, 
the examiner then attempts to determine the duration of 
the symptoms (Table 165.1). The first question is whether 
or not the sensation is continuous or episodic and, if so, 
do the episodes last seconds, minutes, hours, days, or even 
longer. When patients complain of vertigo, this time course 
distinction is exceedingly valuable since the most common 
peripheral vestibular disease processes produce stereotypi- 
cal attacks of consistent duration. For example, patients 
with benign paroxysmal positional vertigo (BPPV) usually 


complain of discrete attacks that last less than 1 minute. In 
contrast, patients with Méniére’s disease usually describe a 
“spinning feeling” that can last 15 minutes to many hours. 
Finally, patients who develop vertigo secondary to ves- 
tibular neuritis describe attack(s) of continuous spinning 
lasting up to 24 hours. In patients with transient ischemic 
attacks involving the vertebrobasilar circulation and brain- 
stem, attacks generally last 15 minutes, whereas brainstem 
infarcts and cerebellar hemorrhages exhibit acute, severe 
vertigo lasting hours and impact the inability to stand. 

The time course of attacks in patients with disequilib- 
rium is somewhat less stereotypical of their disease process. 
Frequently, patients report that symptoms persist as long as 
they are upright. Similarly, patients with light-headedness 
may have a variable symptom picture, with sensations last- 
ing anywhere from seconds to days. Finally, patients with 
migraine-associated dizziness (MAD) may complain vari- 
ably of all three sensations, and the duration may fluctuate 
from seconds to days or even longer. 


Associated Events 

It is crucial to elucidate associated events that occurred 
near the time the dizziness began, such as trauma, recent 
or chronic infection(s), systemic diseases (e.g., rheumato- 
logic, autoimmune, or metabolic), or medication changes. 
Posttraumatic vertigo can be the result of (a) direct mechan- 
ical trauma to the head or inner ear structures (e.g., pen- 
etrating injuries damaging the inner ear, SCC dehiscence) 
and/or (b) barotrauma (ie, damage caused by pressure 
changes). Activities associated with barotrauma may include 
military service with exposure to blast injuries, scuba 
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diving, hyperbaric oxygen treatments, straining (eg., 
weight lifting or childbirth), or changes in altitude (eg., 
airplane flights or driving in the mountains), especially 
during an upper respiratory infection that causes conges- 
tion. Posttraumatic vertigo may be due to perilymphatic 
fistula(s) (PLF) of the oval and/or round windows (8-11), 
delayed endolymphatic hydrops (12), BPPV (13), migraine, 
or middle ear surgery (14). Furthermore, trauma may cause 
a dehiscence of the superior SCC if the bone covering the 
canal was thin prior to the injury (15-17). 

Determining a history of recent infections is important. 
For example, vestibular neuritis is thought to be caused by 
viral infection, and an upper respiratory viral prodrome 
may occur prior to vertigo onset (18). Other infections 
that can cause vertigo include herpes zoster oticus (Ramsay 
Hunt syndrome), suppurative otitis media, human immu- 
nodeficiency virus, syphilis, Lyme disease, and tuberculo- 
sis. Additionally, recent systemic infections or cancers may 
have necessitated the administration of ototoxic drugs that 
can cause vertigo. 

Finally, it is imperative to determine if the patient also 
has a systemic condition including a rheumatologic, auto- 
immune (e.g., Wegener granulomatosis, systemic lupus 
erythematosus), and/or metabolic (eg., diabetes) disease 
that may be associated with vertigo. 


Accompanying Symptoms 

In many cases, accompanying symptoms assist the exam- 
iner in determining if the site of lesion is located in the 
labyrinth, eighth cranial nerve, brainstem, or cortical 
areas (Table 165.1). Hearing loss, tinnitus, aural fullness, 
and vertigo strongly suggest labyrinthine involvement. 
Fluctuations in these symptoms may suggest Méniére’s 
disease or posttraumatic endolymphatic hydrops. On the 
other hand, vertigo without hearing loss may be generated 
by the labyrinth (e.g., BPPV), eighth cranial nerve (eg., 
vestibular neuritis), brainstem (eg., isolated vestibular 
nuclei infarct), and/or cerebral cortex (e.g., migraine, sei- 
zure). Patients with superior SCC dehiscence can present 
with conductive hyperacusis or autophony. Conductive 
hyperacusis includes symptoms such as hearing one’s own 
eye movements, one’s own heartbeat, and/or the impact 
of one’s feet during walking or running in the affected ear 
(17,19). Associated facial weakness suggests a lesion proxi- 
mal to the labyrinth, while dysphagia, dysphasia, limb 
weakness, and ataxia are indicators of CNS involvement. 
Patients with MAD frequently complain of photophobia, 
phonophobia, or heightened sense of smell. Finally, loss 
of consciousness implies a significant perfusion failure of 
the cerebrovascular circulation and is not associated with 
primary labyrinthine or eighth cranial nerve lesions. 


Exacerbating Factors 

Since the vestibular labyrinth is sensitive to angular 
motion (turning the head), transient linear motion (sud- 
den translations), and gravity (tipping the head and body), 


disorders of the inner ear are frequently aggravated by 
head movements and changes of the head and/or body 
vis-a-vis gravity (Table 165.1). Patients with vestibular dis- 
orders tend to keep their head as still as possible and avoid 
sudden movements. Vertigo induced by very specific head 
positions (e.g., rolling over in bed, or tilting the head back 
to rinse their hair in the shower), which lasts for seconds, 
suggests BPPV. In cases of bilateral and uncompensated 
unilateral vestibular dysfunction, patients have difficulty 
walking in the dark or on uneven surfaces and avoid fast 
head movements due to bobbing or blurring of their visual 
field (oscillopsia). Patients with orthostasis become more 
symptomatic with changes in position against gravity such 
as arising from a bed or chair and obtain relief by lying flat. 

Patients with superior SCC dehiscence may present with 
sound-induced vertigo (Tullio phenomenon) or pressure- 
induced vertigo (Hennebert sign) (17,19). Valsalva maneu- 
vers, coughing, or sneezing can induce vertigo or oscillopsia. 
Furthermore, hyperventilation (e.g., exercising) may induce 
vertigo in peripheral (e.g., cerebellopontine angle [CPA] 
tumors) or central (e.g., multiple sclerosis) lesions. 

In cases with MAD, exposure to visual motion, bright 
lights, loud sounds, or strong odors can exacerbate dizzi- 
ness. Furthermore, MAD patients can, at times, identify 
food triggers such as caffeine, alcohol, cheese, or citrus 
fruits. Changes in dietary salt intake may trigger dizziness 
in patients with Méniére’s disease. 


Medications and Comorbidity 

Dizziness is a common side effect of many medications, 
and, in some instances, the interaction of multiple medi- 
cines is the cause of a patient’s symptoms (Table 165.2). 
Medications causing dizziness, light-headedness, and/or 
auditory symptoms generally are divided into three catego- 
ries: those that are (a) ototoxic, (b) affect systemic blood 
flow, and (c) act on the CNS. Once the drug is stopped 
or the dose adjusted, symptoms may reverse. However, 
in some circumstances, the damage may be permanent. 
Therefore, the examiner must query the patient not only 
about current medications but also about previous medi- 
cation usage. 

Ototoxic drugs damage the peripheral vestibular system. 
Ototoxicity usually results in a symmetric loss of vestibular 
end organ function, which disables the VOR. Thus, patients 
loose visual stability with head movement, resulting in 
oscillopsia (i.e., bobbing or jiggling of the visual field). 
Patients with bilateral vestibular loss present with disequi- 
librium and have tremendous difficulty or are completely 
unable to maintain balance and posture in the dark. The 
most common ototoxic drugs are aminoglycosides and 
chemotherapy agents (Table 165.2). Aminoglycoside anti- 
biotics (e.g., streptomycin, gentamicin, neomycin, tobra- 
mycin, amikacin, kanamycin) constitute a group of natural 
and semisynthetic compounds used to treat aerobic gram- 
negative bacilli and mycobacterium. Aminoglycosides 
inhibit bacterial protein synthesis by binding to the 
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TABLE 


Mechanism 


Drug Class 


Ototoxic 
Aminoglycosides 
Gentamicin, neomycin, 
tobramycin, amikacin, 
kanamycin 


Antineoplastic agents 
Cisplatin 


Damages vestibular type | sensory cells, 
outer hair cells in the organ of Corti, 
and cochlear and vestibular neurons 
Loop diuretics and vancomycin can 
potentiate ototoxicity 

Damages vestibular hair cells, outer 
hair cells in the organ of Corti, stria 
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165.2 MEDICATIONS THAT MAY CAUSE DIZZINESS 


Symptoms 


Oscillopsia from symmetric vestibular 
hypofunction Vertigo from asymmetric 
vestibular loss, sensorineural hearing loss, 
and tinnitus 


Same symptoms as aminoglycoside damage 


vascularis, and spiral ligament 


Analgesic agents NSAIDs 
(aspirin, naproxen, indomethacin, 
and ibuprofen) 
Acetaminophen/hydrocodone 


vasoconstriction 


Systemic Blood Flow 
Antihypertensives 
Diuretics, B-blockers, vasodilators, 
CCB a-adrenergic blocker 
Central Nervous System 
Neuroleptics 


Antidepressants 
Tricyclics, MAOls, SSRIs sedatives 


Reversible outer hair cell function 
changes and reduced blood flow via 


Permanent hair cell damage 


Systemic vasodilation leading to 
decreased peripheral vascular resistance 


Target central dopamine, sero- 
tonin, GABA, and acetylcholine 
neurotransmitter pathways 


Reversible sensorineural hearing loss, 
tinnitus, and rarely vertigo 


Rapidly progressive, permanent sensorineural 
hearing loss, tinnitus, and rarely vertigo 


Light-headedness, syncope, visual changes, 
and fatigue 


Light-headedness, vertigo, and ataxia 


CCB, calcium channel blocker; GABA, y-aminobutyric acid; MAOls, monoamine oxidase inhibitor; NSAIDs, nonsteroidal anti-inflammatory drugs; 


SSRI, selective serotonin reuptake inhibitor. 


30S ribosomal subunit and cause mRNA to be misread. 
While the use of systemic aminoglycosides is declining in 
developed nations due to their significant toxicities and the 
availability of better alternatives, aminoglycosides are still 
widely used in developing countries. This is because ami- 
noglycosides are inexpensive and effective against diseases 
such as multidrug-resistant tuberculosis (20,21). 

All aminoglycosides cause cochlear and vestibular dam- 
age that is usually permanent. However, individual amino- 
glycosides differ in their ability to produce cochlear versus 
vestibular toxicity. Gentamicin and streptomycin are pri- 
marily vestibulotoxic (22), whereas neomycin, amikacin, 
and kanamycin are more cochleotoxic. Aminoglycosides 
destroy vestibular type I sensory hair cells, outer hair 
cells in the organ of Corti (from cochlear base to apex), 
and cochlear and vestibular neurons (20,21). The peri- 
lymph and endolymph drug concentration is directly pro- 
portional to the plasma concentration, which in turn is 
directly related to renal clearance (23). Aminoglycosides 
persist in the inner ear tissue for 6 months or longer 
after administration (24). The ototoxic damage may be 
potentiated by concurrent administration of loop diuret- 
ics (e.g., ethacrynic acid and furosemide) or vancomycin. 
Patients with a mutation in the mitochondrial 12S ribo- 
somal subunit (MTRNR1) are particularly susceptible to 
aminoglycoside ototoxicity. This mutation is associated 
with spontaneous as well as aminoglycoside-induced hear- 
ing loss even following a single dose. Interestingly, the 


vestibular system does not have an increased susceptibility 
to aminoglycoside toxicity in patients with this mutation 
(25). In contrast, missense polymorphisms in three oxida- 
tive stress-related genes (NOS3, GSTZ1, and GSTP1) have 
increased susceptibility to gentamicin-induced vestibular 
dysfunction (26). 

Numerous chemotherapeutic drugs are ototoxic. The 
alkylating agent cisplatin (cis-diamminedichloroplatinum 
II) is the most ototoxic antineoplastic drug and is used to 
treat various malignancies including head and neck can- 
cers. Cisplatin targets the outer hair cells in the organ of 
Corti, stria vascularis, and the spiral ligament (Table 165.2) 
(27). Vestibular toxicity seems to occur later than auditory 
toxicity. Both elderly and pediatric patients are report- 
edly more sensitive to cisplatin ototoxicity than other age 
groups (28). Patient symptoms of bilateral vestibular loss 
will present in the same way as aminoglycoside toxicity. 

There is evidence that high-dose analgesic use is oto- 
toxic. Nonsteroidal anti-inflammatory drugs (NSAIDs) 
such as salicylates (aspirin) (29), naproxen (30), indo- 
methacin, and ibuprofen are among the offending agents 
(31,32). High-dose salicylates (several grams per day) 
cause outer hair cell dysfunction and decreased blood 
flow to the inner ear via vasoconstriction, possibly medi- 
ated by antiprostaglandin activity. The result is reversible 
hearing loss and tinnitus (29,33,34). Other NSAIDs have 
similar ototoxic effects through reduction of blood flow 
(29). Acetaminophen/hydrocodone (e.g., Vicodin, Lortab, 
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and Norco) abuse has been reported to cause permanent, 
rapidly progressive, sensorineural hearing loss (35-38). 
Although less common than auditory symptoms, vestibu- 
lar symptoms (e.g., vertigo or disequilibrium) caused by 
high-dose analgesics can occur. When vestibular symp- 
toms do develop, their onset can even precede tinnitus 
(Table 165.2) (39). 

Many types of antihypertensive medications can cause 
dizziness (Table 165.2). Examples include diuretics, 
B-blockers, vasodilators, calcium channel blockers, and 
o-adrenergic blockers. These medications result in dizzi- 
ness through persistent orthostatic hypotension or, in part, 
by effecting CNS neurotransmitter pathways. Symptoms 
can include light-headedness, syncope, visual changes, and 
fatigue. Often these symptoms improve or resolve com- 
pletely with dose adjustments. 

Drugs acting on the CNS can cause dizziness (Table 165.2). 
The pharmacologic targets of neuroleptics, antidepres- 
sants (e.g., tricyclics, monoamine oxidase inhibitors, and 
selective serotonin reuptake inhibitors), and sedatives are 
located in the cortex or the brainstem. Several of these 
drug classes affect neurotransmitters such as dopamine, 


TABLE 


serotonin, acetylcholine, and y-aminobutyric acid (GABA), 
which can lead to hypotension, light-headedness, vertigo, 
and ataxia. At therapeutic doses, Dilantin can often lead 
to ataxia, vertigo, and gaze-evoked nystagmus (GEN). The 
first step in diagnosis is obtaining a detailed medical his- 
tory, including a thorough medication history, and deter- 
mining the character of the dizziness. Medication side 
effects may be the sole offender or may be exacerbating an 
underlying vestibular pathology. 


STRUCTURED NEUROTOLOGIC 
EXAMINATION 


The most effective examination of the dizzy patient is a 
structured, stand-alone series of tests after the standard 
otolaryngologic head and neck examination has been 
completed. Common disorders such as serous middle ear 
effusion, nasal airway obstruction, and sinusitis can cause 
dizziness and must be excluded. Table 165.3 outlines the 
structure of the neurotologic examination for dizziness. In 
the following section, each test is described and the inter- 
pretation discussed. 


165.3 THE NEUROTOLOGIC EXAMINATION OF THE DIZZY PATIENT 


Test Performance 


Examination 


Spontaneous Static visual fixation 


nystagmus 


Gaze-evoked 
nystagmus 


<30° eccentric gaze 


Alternate fixation on two 
stationary targets 


Saccades 
Smooth pursuit 


Track visual target 


Rotate examination chair 
+ visual fixation 


Fixation 
suppression 


Rotational head thrusts 
while maintaining 
visual fixation 

Head heave test Linear head heaves while 
(HHT) maintaining visual 

fixation 


Head impulse 
test (HIT) 


Outcome 


Nystagmus waveform, 
direction, effect of 
fixation 


Nystagmus waveform, 
direction 


Accuracy, conjugate 
movement, velocity, 
and initiation 

Smooth versus jerking 
eye movements 


Effect of fixation on 
rotation-induced 
nystagmus 

Refixation saccade 


Refixation saccade 


Interpretation of Clinical Finding 


Peripheral: Horizontal-rotary jerk nystagmus, 
suppresses with visual fixation 

Central: direction changing, horizontal, vertical, 
torsional, or pendular nystagmus, enhances 
with visual fixation 

Peripheral: Direction-fixed nystagmus, increases 
while gazing in the direction of the fast phase 
(Alexander law) 

Brainstem or cerebellum: Direction-changing nys- 
tagmus, fast-phase movement in the direction 
of gaze, or rebound nystagmus in neutral gaze 

CPA mass: Brun nystagmus (direction-changing 
nystagmus caused by a combination of central 
GEN and vestibular nystagmus) 

Peripheral: normal. Abnormalities indicate a 
central etiology 


Normal in peripheral vestibular pathology. 
Abnormalities (e.g., catch-up saccades) 
indicate a central etiology 

Normal fixation suppression in peripheral 
pathology. Failure of fixation suppression 
suggests central (floccular) dysfunction 

Peripheral vestibular dysfunction: Refixation 
saccade generated with rotational head 
thrusts toward the weak side 

Otolith damage: Refixation saccade generated 
with linear head heaves toward the damaged 
side 


TABLE 


Chapter 165: Clinical Evaluation of the Patient with Vertigo 2683 


165.3 THE NEUROTOLOGIC EXAMINATION OF THE DIZZY PATIENT (Continued) 


Examination 


Postheadshake 
nystagmus 


Dynamic visual 
acuity (DVA) 
Positional testing 


Positioning testing 


Limb coordination 
tests 


Gait 


Posture 
Mastoid vibration 
Malleolar sign 


Pressure-evoked 
eye movements 


Sound-evoked eye 
movements 

Hyperventilation- 
induced 
nystagmus 


Test Performance 
Headshake 


Visual acuity (static vs. 
head movement) 

Various static head 
positions 


Head movement to 
various head positions 
(e.g., Dix-Hallpike) 


Limb coordination tests? 


Tandem gait, 
Unterberger (Fukuda) 
stepping test 


Romberg tests 


Vibration source on 
mastoid 

256-Hz tuning fork on 
malleolus 

Tragal compression, 
pneumatic otoscopy, 
Valsalva maneuvers 

Pure tones (=100 dB) 


Hyperventilate for 90 s 


In CNS demyelinating diseases. 
Frenzel lenses and infrared video goggles remove visual fixation. 
’Finger-to-nose, finger-nose-finger, hand rapid alternating movement test, fine finger movements, heel-to-shin, past pointing test. 


Outcome 


Nystagmus direction 


Visual acuity decline 
Nystagmus onset, 


direction, duration, 
effect of fixation 


Nystagmus latency, 
direction, duration, 
fatigability, reversal 


Limb coordination. Arm 
drift with past pointing 


Gait abnormalities. 
Rotation with stepping 


Excessive sway and fall 
Nystagmus direction 
Conductive hyperacusis 


Eye movement, vertigo 


Eye movement, vertigo 


Nystagmus direction 


Interpretation of Clinical Finding 


Asymmetric peripheral damage: nystagmus 
(in plane of damaged canal with fast phase 
toward stronger ear). 

Central: cross-coupling of nystagmus 

Peripheral vestibular dysfunction: Visual acuity 
decline (>2 lines on Snellen chart) 

Peripheral: Severe vertigo, transient, and usually 
direction fixed. Removing visual fixation? 
enhances nystagmus 

Central: Usually asymptomatic, persistent, 
direction changing, and may be disconjugate. 
Removing visual fixation? improves nystagmus 

Peripheral: see Table 165.4 for details of 
posterior, horizontal, and superior semicircular 
canal BPPV. 

Central: Immediate (no latency), persists >1 min, 
no reversal nystagmus, no fatigue, direction 
changing, no vertigo 

Peripheral (vestibulospinal): All limb coordination 
tests, except past pointing, are normal Past 
pointing: excessive arm drift toward side of 
peripheral lesion. 

Central: abnormalities in any of the tests 

Peripheral: Abnormal tandem gait with eyes 
closed, rotation to side of lesion with stepping 
test. 

Central: Gait abnormalities (e.g., ataxia, 
shuffling, etc.) 

Peripheral: Fall on tandem and foam Romberg 
tests (eyes closed) 

Nystagmus in the plane of the affected canal 
toward the stronger ear 

Patient hears tuning fork vibration on side of 
superior canal dehiscence 

Perilymph fistula, otic syphilis, or semicircular 
canal dehiscence 


Perilymph fistula, otic syphilis, or semicircular 
canal dehiscence 

Peripheral: excitatory nystagmus toward 
affected ear® 


cHyperventilation-induced nystagmus may also occur. 


BPPV, benign paroxysmal positional vertigo; CPA, cerebellopontine angle. 


Equipment 


Figure 165.2 illustrates the minimal equipment required 
for the structured neurotologic examination. Three tuning 
forks are used (i.e, 128, 256, and 512 Hz). The 128-Hz 
fork is used to assess vibrotactile sensation in the lower 
extremities (often reduced in peripheral neuropathy). The 
256 Hz is used for the malleolar test, where patients with 
a third-window pathology (e.g., superior SCC dehiscence) 


can abnormally perceive the sound in the affected ear while 
the fork is placed on the ankle. The 512-Hz fork is the stan- 
dard auditory stimulus for Weber and Rinne testing. The 
Frenzel lenses allow for ocular examination without visual 
fixation, which can enhance peripheral vestibular nystag- 
mus. The pneumatic otoscope (including a Siegel specu- 
lum) is used to introduce positive and negative pressures 
into the external auditory canal to elicit eye movement 
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Pneumatic 


Otoscope 


3” Foam Pad 


Figure 165.2 Tools necessary for a neurotologic examination of the dizzy patient. A: Tools include 
(1) tuning forks: 512 Hz for standard auditory stimulus (Weber and Rinne testing), 128 Hz to assess 
vibrotactile sensation in the lower extremities, and 256 Hz (not shown) for the malleolar test for 
third-window pathology, (2) a pneumatic otoscope including a Siegel pneumatic speculum to assess 
tympanic membrane mobility and to assess third-window pathology, (3) Frenzel lenses, and (4) a 
3" foam pad for the foam Romberg test. B: Frenzel lenses provide magnification of the eyes and 
remove visual fixation. Peripheral vestibular nystagmus is enhanced and central nystagmus is sup- 
pressed when visual fixation is removed using Frenzel lenses. 


associated with SCC dehiscence or PLE Finally, the 3-inch 
foam pad is used to alter sensory input to the propriocep- 
tive system during quiet stance with eyes closed to empha- 
size the use of vestibular cues for balance. 


Spontaneous Nystagmus 


At present, no clinical test can directly measure peripheral 
vestibular function. However, observing eye movements 
enables the examiner to gain important information regard- 
ing vestibular function. Under normal circumstances, 
when subjects are seated and gaze straight ahead, there is 
no rhythmic movement of the eyes. If, however, the eyes 
have a repetitive to-and-fro motion, then the term nystag- 
mus is used to describe the abnormal, rhythmic oscillation. 
Characterizing nystagmus components often allows the 
examiner to infer the etiology of the eye movement and/or 
location of the lesion. The most common type of nystagmus 
is jerk nystagmus (e.g., vestibular nystagmus), which consists 
of a slow phase and a fast phase. Vestibular control of eye 
movements results in the slow phase, while the fast phase 
is caused by the rapid resetting of the eyes in the orbit. Jerk 
nystagmus is often named by the direction of the fast phase. 


Test Performance 

The patient is seated in an upright position and fixates 
on a Stationary target in primary gaze position with best- 
corrected vision (with glasses or contact lenses in place if 
applicable). The patient should be queried about mono- 
vision correction because monovision can be associ- 
ated with the inability to verge normally. The examiner 


observes the eyes for nystagmus or rhythmic refixation 
eye movements. The procedure is repeated under Frenzel 
lenses to remove target fixation. The following nystagmus 
characteristics are noted: (a) Waveform. Does the nystag- 
mus have a fast phase and slow phase (jerk nystagmus), 
or are the movements equal in both directions (pendular 
nystagmus)? Is the waveform consistent or does it change? 
(b) Direction. In cases of horizontal or vertical jerk nys- 
tagmus, in which direction does the fast phase beat (i.e., 
right, left, up, or down)? For purely torsional nystagmus, 
the direction of movement of the upper pole of the eye is 
described as either a clockwise or counterclockwise rota- 
tion from the examiner's perspective. If the nystagmus 
has mixed components, each feature can be described 
(e.g., left clockwise horizontal rotary). (c) Effect of fixa- 
tion. What is the relative intensity of the nystagmus with 
and without visual fixation? (d) Effect of gaze. What is the 
effect of eccentric gaze on the quality and intensity of the 
spontaneous nystagmus? 


Interpretation 

Under normal conditions, there is no spontaneous nystag- 
mus with visual fixation and only minimal spontaneous 
nystagmus if any under Frenzel lenses. Vestibular nystag- 
mus is usually direction fixed; that is, regardless of the 
direction of the patient’s gaze, the direction of the nystag- 
mus does not change. Unilateral, vestibular hypofunction 
causes an imbalance in the tonic activity of the VOR and 
tends to cause eye movement in the plane of the damaged 
SCC. This input asymmetry usually results in a spontane- 
ous, direction-fixed, horizontal-rotary jerk nystagmus with 
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fast-phase movement toward the healthy ear (away from 
the damaged side). Removing visual fixation (e.g., placing 
Frenzel lenses on a patient) or gazing in the direction of 
the fast phase enhances the nystagmus, while gazing in the 
direction of the slow phase suppresses the nystagmus. This 
effect is called Alexander law. Alexander classified nystag- 
mus as first-, second-, and third-degree nystagmus. First- 
degree nystagmus is the least intense and is only observed 
with gaze toward the fast phase. Second-degree nystagmus 
is more intense and is observed with the eyes in primary 
gaze position or when gazing toward the fast phase. Third- 
degree nystagmus is the most intense and is present when 
the eyes are in primary gaze position, gazing toward the 
fast phase or, gazing in the direction of the slow phase. If 
second- and third-degree nystagmus are present, the find- 
ing represents an acute condition or a greater disparity 
between the good and bad sides. Characterizing the ves- 
tibular nystagmus degree is important in determining the 
time course and degree of compensation for a peripheral 
vestibular lesion. For example, immediately after unilat- 
eral peripheral vestibular damage (e.g., vestibular ablative 
surgery or vestibular neuronitis), third-degree nystagmus is 
observed. Over the next several days, the nystagmus inten- 
sity declines passing through the stages of second- and 
then first-degree nystagmus. It has been postulated that the 
neural integrator, which is responsible for gaze-holding, is 
disabled when the nervous system is presented with a sud- 
den sustained asymmetric vestibular input. The nystagmus 
intensity declines as the central system compensates (for a 
thorough description, see Ref. (40)). 

In contrast, central lesions of the brainstem and cerebel- 
lum may cause direction-changing horizontal, vertical, tor- 
sional, or pendular nystagmus that may appear diminished 
under Frenzel lenses. Medications and alcohol may also 
induce a variety of nystagmus patterns. The most common 
form of central nystagmus is congenital nystagmus, which 
has been present since early childhood. This type of nys- 
tagmus is direction changing and waveform changing with 
the direction of gaze. Furthermore, there is a reduction in 
nystagmus with convergence, eye closure, and eccentric 
gaze (null point). Acquired forms of central nystagmus rep- 
resent a failure of the central gaze-holding mechanisms 
in the brainstem and cerebellum or intrusions of inap- 
propriate fast, eye movements (saccades) during attempted 
fixation. Nystagmus is reduced or absent without fixation 
under Frenzel lenses. Periodic alternating nystagmus (PAN) is 
a type of horizontal spontaneous nystagmus, which is also 
indicative of a CNS etiology. PAN is observed with the eyes 
in neutral gaze, and the direction of the horizontal nystag- 
mus changes approximately every 2 minutes. Between each 
episode, there is often between 5 and 20 seconds where 
there is no nystagmus, downbeating, or upbeating nystag- 
mus. Visual fixation has no effect on PAN and results from 
cerebellar pathology. It is important that the examiner 
observe the patient in neutral gaze for several minutes, or 
PAN can be missed. 
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Gaze-Evoked Nystagmus 


GEN is a type of nystagmus that results when the eyes 
assume an eccentric position in the orbit. Normally, coor- 
dinated contraction of the extraocular muscles under the 
control of the central neural integrator is required to hold 
the eccentric gaze. Transient GEN is normal at extreme 
gaze (greater than 30 degrees from midline) and is called 
end-point nystagmus. However, any rhythmic eye movement 
with attempts to hold the eyes in an eccentric position 
within 0 to 30 degrees off midline is abnormal. 


Test Performance 

With the patient seated using best-corrected vision 
(glasses or contacts), the examiner holds his/her finger 20 
to 30 degrees from the nasal root, first in the horizontal 
plane and then in the vertical plane, for 10 to 20 seconds 
in each position. The patient is asked to fixate on the 
examiner's fingertip. The direction and waveform of any 
GEN are noted. If GEN is observed with the fast phase in 
the direction of gaze, the examiner has the patient hold 
the eccentric gaze for 30 to 60 seconds, then, refixate on 
a fingertip held in center position. The examiner observes 
for a reversed fast-phase direction (rebound nystagmus). 


Interpretation 

GEN may be observed in peripheral vestibular dysfunc- 
tion or in lesions of the brainstem or vestibulocerebellum. 
Direction-fixed GEN that increases while gazing in the 
direction of the fast phase (Alexander law) suggests unilat- 
eral peripheral vestibular dysfunction. Direction-changing 
GEN with fast-phase movement in the direction of gaze 
and/or the presence of rebound nystagmus in primary 
gaze indicates impairment of the brainstem or midline cer- 
ebellum (vestibulocerebellum). This observation is rarely 
observed in isolated peripheral vestibular injury. The ves- 
tibulocerebellum (especially the flocculonodular lobes) 
plays a key role in maintaining eccentric gaze. Structural 
lesions, degenerative conditions, CNS depressant drugs, 
or alcohol can give rise to GEN. However, the presence of 
a few transient nystagmus beats with a gaze greater than 
30 degrees off midline is common and should not be con- 
fused with pathologic gaze nystagmus, which is persistent 
and observed at gaze angles less than 30 degrees. 

Patients with a CPA mass large enough to compress the 
ipsilateral cerebellar flocculus may display Brun nystagmus. 
Brun nystagmus results from a combination of central 
(GEN) and peripheral (vestibular nystagmus). It is a gaze- 
dependent, direction-changing nystagmus. In primary gaze 
position, the patient usually does not have nystagmus. For 
example, if the patient has a right CPA tumor, they will 
have a left-beating vestibular nystagmus (small amplitude, 
higher frequency) with left gaze (away from the lesion). 
With right gaze (toward the lesion), a right-beating GEN 
(large amplitude, low frequency) is often observed (for a 
thorough description, see Ref. (40)). 
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Saccades 


Conjugate movement of the eyes to a new visual target is gen- 
erated by the command saccadic system. Saccadic eye move- 
ments involve the frontal and parietal eye fields, paramedian 
pontine reticular formation, medial longitudinal fasciculus, 
superior colliculus, and oculomotor nuclei III, IV, and VI. 


Test Performance 

Saccadic eye movements are examined by having the patient 
alternatively fixate on two stationary targets without moving 
their head. Using best-corrected vision and keeping the head 
stationary, the patient is asked to look back and forth between 
the examiner's nose (in neutral position) and fingertip (held 
15 degrees off midline (repeat in the right and left horizontal 
plane as well as up and down in the vertical plane). Observe 
for the following eye movement characteristics: accuracy of 
target acquisition, conjugate movement, velocity (especially 
slowing), and latency of onset (initiation). Abnormalities 
in saccadic eye movements may be difficult to detect in the 
clinic examination. Videonystagmography may be necessary 
in order to identify subtle abnormalities. 


Interpretation 
Patients with peripheral vestibular pathology have normal 
saccadic eye movement; oculomotor abnormalities indi- 
cate ocular or CNS pathology. The midline cerebellum and 
fastigial nuclei control saccadic accuracy, whereas veloc- 
ity, latency, and conjugate deviation are controlled by the 
brainstem and frontal eye fields. Abnormalities in saccadic 
initiation may be seen in Parkinson disease and Huntington 
disease. Voluntary saccades have increased latency and 
hypometria, whereas involuntary saccades are normal. 
Small-amplitude saccades are characteristic of myasthenia 
gravis or an abnormality in the orbit. Cortical and brain- 
stem diseases exhibit slow saccades. Progressive supranu- 
clear palsy (PSP) is characterized by slow vertical saccades 
initially as well as slow and hypometric (undershoot) hori- 
zontal saccades. Olivopontocerebellar atrophy (OPCA), 
also known as spinocerebellar ataxia (SCA), is character- 
ized by slow saccades, especially in the horizontal direc- 
tion. Inaccurate saccades (dysmetria) are associated with 
cerebellar vermis and fastigial nuclei lesions. For example, 
Wallenberg syndrome (i.e., lateral medullary infarction) is 
characterized by hypermetria (overshoot) toward the lesion 
and hypometria away from the lesion. Lesions of the fron- 
tal eye fields produce an increased latency for contralateral 
saccades. Pathology of the medial longitudinal fasciculus 
produces internuclear ophthalmoplegia (INO), which is fre- 
quently associated with multiple sclerosis. INO is charac- 
terized by disconjugate eye movements with slowing of 
the adducting eye and overshoots and/or nystagmus of the 
abducting eye. INO is often associated with a monocular 
nystagmus in the adducting eye contralateral to the lesion. 
Normally, subjects can suppress saccades when visually 
fixating on a target. Saccadic intrusions are inappropriate 


movements that divert the eye from the target during 
attempted visual fixation. There are several types of saccadic 
intrusions, all of which are signs of an abnormal central 
process. Square-wave jerks are small (0.5 degrees), horizon- 
tal, involuntary saccades that take the eye off the target. 
After a 250-ms intersaccadic interval, a corrective saccade 
brings the eye back to the target. Square-wave jerks can be 
seen in older people. In younger individuals, square-wave 
jerks may be a sign of anxiety or else brainstem or cerebel- 
lar pathology. If saccades occur during visual fixation and 
lack an intersaccadic interval, they are termed ocular flut- 
ter (occur only in the horizontal direction) or opsoclonus 
(occur in all directions). Ocular flutter and opsoclonus can 
result from structural lesion of the pons or cerebellum, 
viral encephalitis, or a paraneoplastic syndrome (41). 


Smooth Pursuit 


Smooth pursuit is the visual tracking of moving objects 
caused by either target movement and/or movement of the 
viewer. The tracking capability of objects using foveal vision 
is dependent on many factors, including velocity, brightness, 
and predictability of the target as well as the visual acuity 
and age of the viewer. Smooth pursuit requires intact cen- 
tral optic tracts through the brainstem, visual cortices in the 
occipital lobes, and the flocculonodular lobes of the cere- 
bellum. Patients must have accurate acuity (either natural 
or corrected) in order to perform accurate smooth pursuit. 
Individuals younger than 40 years of age can pursue a visual 
target up to 100 degrees per second with a steady decline 
to 60 degrees per second with advancing age. Furthermore, 
bright discrete targets are much easier to pursue than are dim 
ill-defined visual targets. The visual cortex senses relative tar- 
get movement and initiates voluntary ocular tracking. The 
cerebellum ensures accurate pursuit by minimizing slippage 
of the image off the fovea. Next, the pursuit signal is com- 
pared and integrated with vestibular input in the brainstem, 
and a unified signal is transmitted to the oculomotor nuclei. 
Finally, the appropriate ocular muscle response is generated. 
It is clear, therefore, that abnormal ocular pursuit can arise 
from a variety of lesions within this complex pathway. Thus, 
the examiner must take many factors into consideration 
when testing and interpreting ocular pursuit abnormalities. 


Test Performance 

To assess smooth pursuit, the examiner positions his/her 
index finger directly in front of the patient and moves the 
target smoothly 20 to 30 degrees per second, first in the 
horizontal plane and then in the vertical plane. The testing 
area is restricted to the central 60 degrees of the visual field 
(30 degrees to the left, right, up, and down from neutral 
position) to avoid provoking physiologic end-gaze nystag- 
mus. Using best-corrected vision (glasses or contacts), the 
patient is asked to track the examiner’s finger. The examiner 
must assure that the patient can visualize the target clearly 
and is attentive to the task. The examiner performs three to 
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five cycles in each plane, noting the degree of ocular track- 
ing smoothness and any corrective eye movements. After 
testing smooth pursuit, the examiner should test vergence. 
The patient is asked to follow the examiner's finger as it 
moves toward and away from the bridge of the patient’s 
nose. The examiner should note if the eyes move smoothly 
together or if there are jerking movements. 


Interpretation 

In the presence of adequate visual acuity as well as appro- 
priate target speed and velocity, smooth pursuit is gener- 
ally intact in patients with peripheral vestibular disease. 
Occasionally, patients with acute unilateral vestibular 
dysfunction and spontaneous nystagmus may exhibit 
impaired tracking when they move their eyes in the direc- 
tion of the fast phase of their spontaneous nystagmus. 
Patients with poor visual acuity or inattention to the task 
demonstrate large irregular fast eye movements (saccades) 
to catch up to the target. In central lesions, a more global 
failure of pursuit is evident. Catch-up saccades refixate the 
eye on the visual target in order to compensate for the pur- 
suit deficit (saccadic pursuit). 

Most abnormalities affect smooth pursuit symmetri- 
cally. A common cause is medication, such as anticon- 
vulsants and sedatives as well as alcohol. The examiner 
should be aware that smooth pursuit performance pro- 
gressively deteriorates as a patient’s age increases or visual 
acuity declines (42-45). Furthermore, smooth pursuit is 
impaired by neurologic conditions such as Parkinson dis- 
ease, Alzheimer disease, supranuclear degeneration, and 
cerebellar degeneration (41). Less frequently, abnormali- 
ties in smooth pursuit may be asymmetric. Focal central 
lesions may include the frontal cortex (frontal eye fields) 
(46), posterior cortex (47), flocculus of the cerebellum, 
brainstem, and thalamus (41). 

Vergence eye movements are disjunctive coordinated eye 
movements. In other words, the two eyes move in opposite 
directions in response to a change in gaze. As an object moves 
toward the nose, each eye converges. Vergence, accommoda- 
tion of the lens, and pupillary constriction are necessary for 
maintenance of acuity during close target viewing. As the 
object moves away from the nose, the eyes diverge. Vergence 
abnormalities can occur due to lesions of the midbrain or 
cerebellum or in association with medication. 


Fixation Suppression of Rotation-Induced 
Nystagmus 


Fixation suppression testing yields a qualitative assess- 
ment of visual-vestibular interaction. While classically, 
fixation suppression has been tested after caloric stimula- 
tion, a bedside evaluation can obtain similar information. 
Under normal conditions, fixation suppresses both opto- 
kinetic eye movements and vestibular-induced nystagmus. 
Normal fixation suppression is dependent on vision and 
requires normal cerebellar function. 
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Test Performance 

To test fixation suppression, the patient is seated upright 
in the examination chair. Using best-corrected vision, the 
examination chair is unlocked and rotated up to 2 Hz 
without fixation. The examiner observes the eyes for nys- 
tagmus. Next, the patient fixates on his/her outstretched 
thumb while the chair and the visual target rotate simulta- 
neously. The examiner observes the eyes and notes whether 
or not there is a decrease in the visual—vestibular nystag- 
mus compared to rotation without ocular fixation. 


Interpretation 

The modulation of nystagmus invoked by rotation is a 
CNS phenomenon that is heavily dependent on the cer- 
ebellar flocculus. When fixation suppression is normal, the 
eyes remain fixated on the visual target while rotating, and 
no nystagmus is observed. However, if the fixation suppres- 
sion is abnormal, the eyes continuously slip off the visual 
target during rotation due to the VOR. A refixation saccade 
is required to realign the eyes with the target. This refix- 
ation saccade is observed as a nystagmus. Failure of fixa- 
tion suppression in the presence of adequate visual acuity 
is related to smooth pursuit abnormalities and implies 
cerebellar floccular dysfunction. Patients with peripheral 
vestibular abnormality have normal fixation suppression. 


Head Impulse Test 


The head impulse test (HIT) is a bedside technique used 
to detect unilateral or bilateral vestibular hypofunction. 
To understand this test (and many of the following tests), 
one must understand Ewald’s three laws (48). Ewald’s first 
law states that the trajectory of nystagmus generated by 
an SCC is in the same anatomic plane of that particular 
SCC (48). Ewald’s second law is based on experiments con- 
ducted on the horizontal SCC and states that ampullop- 
etal endolymph flow (toward the ampulla) causes a greater 
vestibular response than ampullofugal endolymph flow 
(away from the ampulla) (48,49). In other words, excit- 
atory input is a stronger vestibular stimulus than inhibi- 
tory input (50). Ewald’s third law is based on experiments 
conducted on the vertical (superior and posterior) SCCs. 
These experiments found that ampullofugal endolymph 
flow produces a greater vestibular response than does 
ampullopetal endolymph flow (48). Therefore, ampullofu- 
gal endolymph flow is excitatory in the two vertical SCCs. 
The HIT is a method of detecting asymmetries in vestibu- 
lar gain from the SCCs. In patients with profound or absent 
SCC function, the VOR cannot produce signals to the ocular 
muscles for eye stabilization during high-frequency, passive 
angular head rotations. Consequently, the brain must gen- 
erate a refixation saccade to acquire a visual target (51,52). 
Saccade refixation occurs in response to passive angular 
head movements toward the involved ear in patients with 
unilateral vestibular loss. Usually, symmetrical saccadic 
refixation occurs in patients with bilateral vestibular loss. 
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Figure 165.3 Head impulse test (HIT) in normal and unilateral vestibular dysfunction. The stages of 
the HIT are exemplified in a normal subject (A-C) and in a patient with right horizontal SCC hypofunc- 
tion (D-G). The test begins with the patient's head at 30 degrees off midline while the patient fixates 
on the examiner's nose (A, D). A: In the normal subject at rest, the primary afferents of both horizon- 
tal SCCs (green) fire at a resting basal rate. Since the input is symmetric, the brainstem detects no 
motion. B: In the normal subject, the examiner thrusts the head rapidly (greater than 200 degrees/s 
or greater than 2,000 degrees/s’) to the midline (from left to right). The discharge rate of the HSCC 
afferents ipsilateral to the velocity vector increases (red, right). The discharge rate of the HSCC affer- 
ents contralateral to the velocity vector decreases (blue, left). With an intact VOR, the brainstem 
detects asymmetric input, and the eyes are driven contralateral (left) to the higher firing rate (red, 
right). C: Visual fixation is maintained throughout the HIT, and the HSCC afferents return to their basal 
firing rate. D: When one labyrinth is damaged (indicated with an X), the firing rate of the right afferents 
decreases. E: The head is thrust toward the damaged side (left to right). Although the firing rate in 
the healthy HSCC afferents (blue, left) decreases compared to the resting position, the rate is higher 
than that of the right damaged side. F: Therefore, the eyes are driven contralateral to the healthy side 
and ipsilateral to the damaged side (right). G: In order to reset visual fixation, a saccadic eye move- 


ment is necessary. Abbreviations: HIT, head impulse test; HSCC, horizontal semicircular canal. 


However, recent studies have shown that some bilateral 
vestibular loss patients have covert corrective saccades 
(53,54). Covert saccades are small corrective saccades 
that occur during the actual head movement toward their 
affected side. These small covert saccades are difficult for 
the examiner to detect with their naked eye. Therefore, eye 
movement recordings are required to detect the abnormal- 
ity (53,54). This HIT can be performed in all three canal 
pair orientations and has been a significant addition to the 
neurotologic examination in the office (51,52,55). 


Test Performance 

The patient is instructed to fixate on the examiner's nose 
while the head is impulsively and unpredictably moved 20 
to 30 degrees in one direction (Fig. 165.3). The examiner 
observes for any indication of ocular globe slippage off 
the target. The velocity of the head movement must exceed 


200 degrees per second, and the acceleration must exceed 
2,000 degrees per square second in order to exceed smooth 
pursuit capacity and fully inhibit the contribution of the 
contralateral ear for stabilization. To avoid neck injury, it is 
advisable to start at slower speeds and gradually increase to 
the desired velocity. The HIT is best performed in the plane 
of paired canals (Fig. 165.4). If the horizontal SCCs canals 
are being tested, the head is tilted forward 30 degrees (Fig. 
165.4). Hence, the movement is in the horizontal (yaw) 
plane, causing ampullopetal stimulation of the canal on 
the same side as the movement and ampullofugal inhibi- 
tion of the opposite canal (Fig. 165.3). It is desirable to 
move the head from an eccentric position back to midline 
rather than from midline to the side in order to minimize 
patient resistance and potential neck strain. To test the ver- 
tical canals, the examiner aligns the paired canals, right 
anterior (superior) and left posterior (RALP) or left anterior 
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Figure 165.4 Orientation of the semicircular canals (SCCs) in the 
temporal bone. A: The horizontal SCCs are coplanar with one an- 
other and tilted 30 degrees to the horizontal plane. B: The verti- 
cal canals are aligned such that the anterior (superior) SCC on one 
side is coplanar with the posterior SCC on the other side. In other 
words, the right anterior (superior) and left posterior (RALP) SCCs 
are coplanar, and the left anterior and right posterior (LARP SCCs 
are coplanar. Abbreviations: AC, anterior canal; HC, horizontal 
canal; PC, posterior canal. (Adapted from Goebel JA (ed.). Practical 
anatomy and physiology. Chapter 1. In: Practical Management of 
the Dizzy Patient, 2nd ed. Philadelphia, PA: Lippincott Williams & 


Wilkins, 2008: 4). 


and right posterior (LARP) (Fig. 165.4). HIT testing of the 
vertical canals involves head movements in the correspond- 
ing planes. In other words, to test the right anterior SCC, 
the head is turned 45 degrees to the left, and the head is 
thrust downward for ampullofugal stimulation. To test the 
left posterior SCC, the head is turned 45 degrees to the left, 
and the head is thrust upward causing ampullofugal stimu- 
lation (52,56). The examiner notes whether the eyes remain 
fixated on the target or whether the eyes travel with the head 
during the maneuver, and a corrective saccade is generated in 
order to refixate on the target. In general, the test is repeated 
5 to 10 times to document repeatable fixation failure. 


Interpretation 

In healthy subjects, visual fixation is maintained during 
rapid head impulses, and no corrective saccades result. In 
cases of unilateral SCC dysfunction, head movement in 
the plane of the affected canal toward the lesioned side is 
accompanied by a repeatable eye slippage and corrective 
saccade in the opposite direction as the head movement. 
The observation of eye movement during the maneu- 
ver is a sign of decreased or absent neural input from the 
ipsilateral ear to the VOR. Reduced neural input results 
in little or no input to the VOR during rapid contralat- 
eral head movement, and the contralateral ear cannot 
supply enough neural activity to stabilize gaze. In such 
instances, the eye travels with the head during the high- 
velocity movement, and a refixation saccade is necessary 
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to refoveate the target. Bilateral refixation movements are 
seen frequently in cases of ototoxicity. In rare instances of 
a hyperactive VOR response, a corrective saccade is gener- 
ated in the same direction as the head movement. In other 
words, the strength of the VOR response was excessive dur- 
ing rotation, and a corrective saccade was required to refix- 
ate the eye on the target. A positive HIT in the presence of 
acute vertigo and spontaneous nystagmus is suggestive of a 
peripheral rather than central etiology. 


Head Heave Test 


The otolith-ocular reflex stabilizes the retinal image by 
generating compensatory eye movements in response to 
linear head acceleration. The head heave test (HHT) is used 
to evaluate the translational VOR (57,58). The HHT is a 
variant of the HIT, although in this case, the HHT is used to 
assess utricular dysfunction (57,58). 


Test Performance 

For the HHT, the examiner places his/her hands over the 
sides of the patient’s head. The patient is instructed to look 
at the examiner’s nose, and the examiner imposes a series 
of quick, high-acceleration, linear, translational “heaves” 
along the interaural axis. The head is moved from a right 
lateral to midline position and then from a left lateral to 
midline position. Training and skill are essential to assure 
patient safety. The direction of refixation saccades is noted. 
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Interpretation 

As with the HIT, in the healthy subject, the eyes remain fixed 
on the visual target. In a patient with unilateral utricular dys- 
function, a catch-up saccade is noted during the HHT in the 
direction of the damaged side. This examination is difficult 
to perform, and there are some safety concerns as a bedside 
examination. However, delivering linear force via a sled in the 
testing laboratory offers a more practical solution and may 
yield information regarding otolith dysfunction (58,59). 


Skew Deviation and Ocular Torsion 
Reaction Test 


Skew deviation is a vertical misalignment of the eyes, which 
results from asymmetric activity along the peripheral (60- 
62) or central (63) pathways mediating the otolith-ocular 
reflex (64). Skew deviation often presents as vertical or tor- 
sional diplopia. First, the examiner must rule out that the 
ocular misalignment is due to extraocular muscle palsies. 


Test Performance 

The alternate cover test is used to detect skew deviation. The 
examiner asks the patient to fixate on a visual target and 
then covers one eye. The examiner then uncovers that eye 
and covers the contralateral eye, observing for a vertical 
refixation eye movement indicating a vertical misalignment. 


Interpretation 

In the normal condition, the eyes do not move or devi- 
ate spontaneously in the vertical plane. However, if there 
is skew deviation, vertical corrective saccades will occur 
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during pursuit. Skew deviations resulting from otolith- 
ocular imbalance do not usually vary with eye position. 
Ocular tilt reaction (OTR) is an eye-head postural reac- 
tion consisting of head tilt (ear to shoulder), skew devia- 
tion, conjugated eye cyclotorsion, and alteration of vertical 
perception. OTR can be caused by peripheral vestibular 
lesions (62,65) or central lesions (63). The head usually 
tilts ipsilateral to the lower eye. Peripheral vestibular and 
vestibular nuclear lesions result in a skew deviation with 
the lower eye ipsilateral to the lesion (G0-62,65). 


Postheadshake Nystagmus Test 


During head shaking, the vestibular labyrinths send neural 
input to the brainstem. As soon as head shaking ceases, 
this stored input is discharged over a short period of time 
(10 to 20 seconds). Unilateral damage to the peripheral 
vestibular organs leads to asymmetric input and discharge 
resulting in nystagmus. Clinical head-shaking nystagmus 
is useful in detecting asymmetric peripheral vestibular 
lesions (66-68) or asymmetric central lesions of the veloc- 
ity storage mechanism. 


Test Performance 

To test for head-shaking nystagmus, the patient’s head is 
tilted forward 30 degrees, and the head is either passively or 
actively rotated in the horizontal plane at a high frequency 
(2 Hz), low amplitude (20 to 30 degrees) for 20 seconds 
(Fig. 165.5). Then, the head is brought to an abrupt stop, 
and the examiner observes for the presence and direction 
of any postheadshake nystagmus. To avoid fixation, the 
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Figure 165.5 The postheadshake nystagmus test in a patient with right labyrinthine hypofunction. 
A: When the head is stationary, the asymmetry in basal firing rates between the healthy labyrinth (left, 
green) and the hypofunctioning labyrinth (right, black) is minimal. B: With head turns toward the hy- 
pofunctioning labyrinth (right, black), a weaker-than-normal excitatory response is elicited. The firing 
rate of the healthy labyrinth decreases (left, blue). C: Turning the head toward the healthy labyrinth 
(left, red) produces a normal excitatory response on the left. Each head rotation amplifies the asym- 
metry, and the activity accumulates in the central, velocity-storage mechanism. Following head shak- 
ing, stored activity is discharged from the velocity-storage center, and nystagmus results. 
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use of Frenzel lenses is preferred. The maneuver may be 
repeated in the vertical direction. 


Interpretation 

Postheadshake nystagmus is considered a pathologic sign 
of vestibular input asymmetry in the plane of rotation 
(66-68). If the input from the two vestibular labyrinths 
are symmetric (in the case of either a normal subject or an 
individual with symmetric, bilateral damaged), the stored 
vestibular activity that is discharged will cancel one another, 
and no nystagmus will occur. However, if the input from 
the vestibular labyrinths is asymmetric during head shak- 
ing (ie., asymmetric damage to the vestibular labyrinths), 
then the central circuits will discharge asymmetrically, 
resulting in a burst of nystagmus (Fig. 165.5). Typically, a 
peripheral side is identified with the slow phase of nystag- 
mus directed toward the “weaker” or abnormal ear and the 
fast phase directed toward the better ear. A smaller ampli- 
tude reversal of nystagmus direction is sometimes observed. 
Postheadshake nystagmus is not observed during an acute 
unilateral vestibular hypofunction because the central ves- 
tibular velocity storage system is temporarily disabled. 
Interpreting head-shaking nystagmus with the affected ear in 
Méniére’s disease can be confusing as the direction depends 
on the excitation, paresis, or recovery phase of vestibular 
function following an attack. Central vestibular lesions may 
cause inappropriate cross-coupling of nystagmus, usually 
resulting in a prominent vertical nystagmus after horizontal 
head shaking. Signs of central etiologies can also include 
prolonged nystagmus and disconjugate nystagmus. 


Dynamic Visual Acuity (DVA) 


Maintenance of gaze stability during head movement is a 
complex interaction between the VOR, foveal smooth pur- 
suit, optokinetic stimulation of the peripheral retina, and 
the cervico-ocular reflex. At low frequencies and peak veloc- 
ities, the central oculomotor mechanisms are dominant. 
However, at higher frequencies and velocities, the VOR 
becomes the primary mechanism for maximizing visual 
acuity by limiting retinal slip. Standard tests of vestibular 
function (e.g., caloric and rotational stimulation) are use- 
ful to document deficits in low-frequency, horizontal, SCC 
VOR function. These tests, though, fail to assess VOR con- 
tribution to gaze stability that take place at higher frequen- 
cies and within the range of everyday head movements (1 to 
4 Hz). Over the past few years, dynamic visual acuity test- 
ing (DVAT) has been developed and studied for the pur- 
pose of determining gaze stability during head movements 
at higher frequency (greater than 2 Hz) and peak veloc- 
ity (greater than 120 degrees/s) (69-78). The DVAT com- 
pares the relative loss of visual acuity between head-still 
and head-moving conditions (measured in logarithmic 
minimal angle of resolution or logMAR). This calcula- 
tion is accomplished by measuring the change in size of 
a visual target that a subject can accurately recognize from 
the resting condition (static visual acuity) to the head 
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movement condition. The utility of the DVAT has been 
well documented in patients with unilateral vestibular dys- 
function or bilateral vestibular loss as well as in the elderly 
(72,74,76,79,80). 


Test Performance 

With best-corrected vision, visual acuity is measured at rest 
using the Snellen eye chart. Visual acuity is again measured 
during passive horizontal head oscillations at 2 Hz. The 
change in visual acuity is determined. This test can also be 
conducted in the vertical (pitch) plane. 


Interpretation 

DVA is also referred to as the “dynamic illegible E test” 
(DIE) (71). An acuity decrease of more than two lines on 
the Snellen eye chart is abnormal. Excessive retinal slippage 
during head movement is a sign of vestibular dysfunction. 
In the clinical examination, the most frequent etiology 
is bilateral vestibular loss related to ototoxicity or aging. 
Poorly compensated, unilateral dysfunction can also cause 
loss of DVA. Nonetheless, using clinical testing, it is more 
challenging to identify a unilateral abnormality while 
simultaneously assessing DVA. During DVA assessment, 
it is important that the examiner shake the patient’s head 
continually, avoiding pauses or slowing. A pause enables 
the patient to see the target and unconsciously attempt to 
compensate for their dysfunction. 


Positional versus Positioning Testing 


Nystagmus and vertigo can be induced by certain head 
postures (positional) or head movement in a specific tra- 
jectory (positioning). In other words, positional nystagmus 
is a nystagmus induced by a static head position in space. 
Positioning nystagmus is induced by the actual movement of 
the head from one position in space to another. The goal 
of positional and positioning testing is to aid in vestibular 
lesion localization. 


Positional Testing Examination 

Positional testing involves observing the eyes for nystagmus 
in various static head positions with and without visual fix- 
ation. Observe the eyes for at least 30 seconds in each of the 
following head positions: upright looking straight ahead, 
supine, right ear down, and left ear down. If positional nys- 
tagmus is present, it will occur approximately 30 seconds 
after the new head position is assumed, and the effects of 
positioning head movement (positioning nystagmus) have 
waned. The examiner should note the nystagmus direction, 
effect with and without visual fixation, and if it is persistent 
and sustained. Removing visual fixation (Frenzel lenses or 
infrared video goggles) worsens peripheral positional nys- 
tagmus, but central positional nystagmus improves or stays 
the same. Technically, true BPPV is a positioning nystag- 
mus and occurs in the plane of the canal that is stimulated, 
whereas central positional nystagmus may beat in the same 
direction regardless of head position. 
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Positional Testing Interpretation 

Positional nystagmus can be found in both central and 
peripheral pathologies. Central positional nystagmus is 
usually asymptomatic, persistent, and may be disconjugate. 
Peripheral positional nystagmus is associated with severe 
vertigo, transient, and usually direction fixed. A central 
lesion is the most likely etiology when positional nystagmus 
is purely vertical (up or down) or purely torsional, and 
visual target fixation fails to suppress nystagmus. 


Positioning Testing Examination 

Positioning testing is the evaluation of nystagmus in response 
to head movement. Positioning testing can also help distin- 
guish central from peripheral etiologies, determine which ear 
is damaged, and localize the involved SCC. To perform posi- 
tioning testing, the eyes are observed as the head is moved 
into various positions: upright, supine, right ear down, and 
left ear down. Preventing visual fixation (Frenzel lenses or 
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infrared video goggles) may enhance peripheral position- 
ing nystagmus and may diminish central positioning nys- 
tagmus. The following five nystagmus characteristics should 
be noted during head positioning: (a) latency, (b) direction, 
(c) habituation (duration), (d) fatigability (decreased nys- 
tagmus on repeated maneuvers reflects adaptation), and (e) 
reversal upon rising to a sitting position. 

BPPV is a positioning nystagmus. The most common 
positioning maneuver is the Dix-Hallpike test, which is 
used to identify posterior canal BPPV. In other words, does 
BPPV indicate positional or positioning vertigo? Are the 
terms interchanged? (Fig. 165.6). While the patient is in 
a sitting position, the examination chair is unfolded, and 
the patient’s head is turned 45 degrees toward the side to be 
tested. The patient's head is rapidly moved in the plane of 
the posterior SCC to a head-hanging, slightly extended 
position (120 degrees from the upright position). This 
position is held for 30 seconds. While keeping the head 
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Figure 165.6 The Dix-Hallpike maneuver for diagnosing posterior SCC BPPV. The arrow in (A-C) 
points to the otolith debris in the right posterior SCC. A: While the patient is in a sitting position, 
the examination chair is unfolded, and the patient's head is turned 45 degrees toward the side 
to be tested (right). B: The patient’s head is rapidly moved in the plane of the posterior SCC to a 
head-hanging, slightly extended position (120 degrees from the upright position). C: This position 
is held for 30 seconds, and the eyes are observed for latency, direction, duration, and fatigability of 
nystagmus. While keeping the head turned 45 degrees, the patient is brought back to an upright 
position and held for 30 seconds while the eyes are observed for reversal nystagmus. D: The arrows 
indicate the quick phase of the resulting upbeat geotropic—torsional nystagmus. With right gaze, 
the nystagmus is more geotropic-torsional. With left gaze, the nystagmus is more upbeat. (Adapted 
from Leigh RJ, Zee DS (eds.). Diagnosis and management of vestibular disorders, Chapter 11. In: The 
Neurology of Eye Movements. Oxford: Oxford University Press, 2006:572-573.) 
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turned 45 degrees, the patient is brought back to an upright 
position and held for 30 seconds while observing the eyes 
for nystagmus. This maneuver is then repeated on the con- 
tralateral side (Fig. 165.6). The examiner may need to per- 
form a modified positioning maneuver in order to induce 
peripheral positioning nystagmus caused by horizontal 
SCC BPPV (81). In this maneuver, the patient is placed into 
the supine position, followed by turning the patient’s head 
and body 90 degrees to the right side, back to supine, and 
then turn 90 degrees to the left side (82). 


Positioning Testing Interpretation 

BPPV is the most common cause of peripheral positioning 
nystagmus. BPPV is characterized by a sudden onset of 
episodic vertigo lasting up to 1 minute and is induced 
by head movement in certain positions. BPPV is caused 
by two mechanisms: canalithiasis (free-floating otolith 
debris in the endolymphatic space) or cupulolithiasis 
(otolith debris attached to the cupula of the SCCs) (83). 
The posterior SCC is affected in more than 90% of cases 
due to its gravity-dependent position. The horizontal 
SCC accounts for 6% to 8% of cases, while the superior 
SCC is rarely affected (less than 1%) (84,85). 

For BPPV of the posterior SCC, a positive response is 
elicited when the head is turned toward the affected side, 
and the ear is positioned toward the ground. The resulting 
nystagmus is upbeating, geotropic torsional (upper pole of 
eye toward the ground). The nystagmus has a brief latency 
(5 to 20 seconds), less than 30 seconds duration, fatiga- 
bility with repeated positioning, and in some instances, 
reversal nystagmus upon returning to an upright position 
(Table 165.4) (83). The reversal nystagmus is a downbeat- 
ing, ageotropic-torsional (upper pole of eye away from 
the ground) nystagmus. Throughout the test, the patient 
is to report any vertigo sensations, which usually accom- 
pany BPPV. Vertigo without observed nystagmus may still 
provide a clue to the offending side and involved SCC. A 
positive Dix-Hallpike maneuver is diagnostic for posterior 
canal BPPV. Mastoid vibration may help move the oto- 
lithic debris out of the affected canal. In contrast, central 
positioning nystagmus is usually immediate (no latency), 


BPPV OF THE POSTERIOR, 


TABLE 
165.4 HORIZONTAL, AND SUPERIOR 
: SEMICIRCULAR CANALS 
Posterior Horizontal Superior 
Incidence 90% 6-8% <1% 
Latency 5-20 s 0-3 s Variable 
Duration <30 s Variable Variable 
Direction Upbeating, Horizontal Downbeating, 
geotropic— (geotropic or ageotropic— 
torsional ageotropic) torsional 
Fatigability Yes Variable Yes 


Abbreviation: BPPV, benign paroxysmal positional vertigo. 
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persists longer than 1 minute, does not produce a reversal 
nystagmus, does not fatigue, is direction changing, and is 
not usually accompanied by vertigo. 

BPPV can involve the horizontal SCC and may be spon- 
taneous or result from a repositioning maneuver of the 
posterior SCC (86-88). Depending on the location of the 
debris within the horizontal SCC, the pattern of nystagmus 
is either horizontal geotropic (toward the ground) or hori- 
zontal ageotropic (away from the ground). If the debris is 
free-floating in the non-ampullated end of the right hori- 
zontal SCC (canalolithiasis), when the right ear is down, 
the debris flows toward the ampulla (ampullopetal). This 
results in a strong, horizontal geotropic right-beating nys- 
tagmus. When the right ear is up, the debris flows away from 
the right ampulla (ampullofugal), resulting in a weaker 
horizontal left-beating geotropic nystagmus. In contrast, if 
the debris is caught in the ampullated end of the right hori- 
zontal SCC (cupulolithiasis), when the right ear is down, 
the debris flows away from the ampulla. The result is a hor- 
izontal ageotropic left-beating nystagmus. When the right 
ear is up, the debris flows toward the ampulla, producing 
a stronger horizontal ageotropic right-beating nystagmus. 

Therefore, how does the examiner decide which hori- 
zontal SCC contains the otolithic debris? In general, geo- 
tropic nystagmus is stronger when the lesioned ear is placed 
downward. However, when the nystagmus is ageotropic, the 
stronger nystagmus response occurs when the lesioned ear is 
placed upward. Additionally, both canalithiasis (free-floating 
debris) and cupulolithiasis (debris caught on the cupula) can 
occur in horizontal SCC BPPV. In canalithiasis, movement 
of the free-floating debris in the affected ear causes a more 
transient nystagmus, whereas with cupulolithiasis, the nys- 
tagmus duration is longer (30 to 60 seconds) (Table 165.4). 

The bow and lean test (BLT) can also be used to distin- 
guish which side contains the otolithic debris in horizontal 
SCC BPPV (89,90). From a seated position, the patient tips 
the head forward in a “bow” position and then backward into 
a “lean” position, and the resultant nystagmus in each posi- 
tion is noted. In right horizontal SCC canalolithiasis, during 
the bow position, the debris will fall with gravity toward the 
ampulla, resulting in a strong right-beating (ipsilesional) 
horizontal nystagmus. Conversely, when the patient tips the 
head backward, the debris now flows away from the ampulla, 
producing a weaker left-beating (contralesional) horizontal 
nystagmus. The opposite is true for canalolithiasis, where the 
nystagmus is directed toward the affected ear in the lean posi- 
tion and away from the affected side in the bow position. 

Superior SCC BPPV is rare. Otolithic debris does not 
usually enter the SCC due to its anatomic position. In 
superior SCC BPPV, when the affected ear is away from 
the ground, a downbeating, ageotropic-torsional nystag- 
mus results (Table 165.4) (91-93). However, debris in 
the downmost posterior SCC moving toward the cupula 
can produce an identical nystagmus pattern to that of the 
uppermost superior SCC. Therefore, special care must be 
taken to avoid confusing the two types. 


2694 Section IX: Otology 


Limb Coordination Tests 


Examining limb coordination provides the examiner with 
important clues needed to diagnose and exclude central 
lesions of the cerebellum and brainstem (Table 165.5). 
Peripheral vestibular lesions will not cause limb coordi- 
nation abnormalities. In order to examine limb coordina- 
tion, the patient is observed performing a series of tasks. 
The right and left extremities are examined separately. 


Test Performance 

For the finger-to-nose test, the examiner asks the patient to 
close his/her eyes, place one arm in full horizontal arm 
extension, and then touch his/her own nose with the index 
finger of the extended hand. For the finger-nose-finger test, 
the patient should alternate touching the examiner's finger 
and his/her own nose. As the patient touches their nose, the 
examiner quickly moves their finger to a new horizontal 
position. This test assesses the patient's ability to accurately 
judge the position of a target. For the hand rapid alternat- 
ing movement test, the examiner asks the patient to alternate 
hand pronation and supination by tapping the back of the 
hand on the thigh and then the front of the hand on the 
thigh in a rapid succession. To assess fine finger movements, 
the examiner asks the patient to touch their own thumb 
to each of their four fingers on the same hand in rapid 


TABLE 
¥I(-}-)-)) CENTRAL NERVOUS SYSTEM DISEASE 


Peripheral Vestibular Dysfunction 


Symptoms 


Recurrent episodes of vertigo 
No additional neurologic symptoms 
Physical examination Horizontal-rotary jerk nystagmus 


findings 


Nystagmus in the axis of dysfunctional SCC 


Nystagmus suppressed by visual fixation 
Nystagmus pattern follows Alexander law 
Normal oculomotor tests? 


Positive head impulse test: unilateral or bilateral 


Positive head heave test 
Positive postheadshake nystagmus tests 
Reduced dynamic visual acuity 


Positive positioning tests (e.g., Dix-Hallpike): 


Positive past pointing test 


Positive Unterberger (Fukuda) stepping test 
Reduced stability: tandem and foam Romberg test 


Positive mastoid vibration test 
Positive Valsalva maneuver tests 
Positive tragal compression test 
Positive pneumatic otoscopy test 
Positive malleolar sign 


sequence. To test lower limb coordination, the examiner can 
use the heel-to-shin test. The patient is asked to fully extend 
their right leg and place their heel on the floor. The patient 
smoothly moves the heel of the left foot along the shin 
of the extended right leg. The test is repeated with the left 
leg extended. During each of the above tests, the examiner 
observes for dysmetria or dysrhythmia. For the past pointing 
test, the patient is asked to extend both arms and point to the 
ceiling with both index fingers. With eyes open, the patient 
brings the arms down into the horizontal position to touch 
the examiner's index fingers. This test is repeated with the 
patient’s eyes closed. The examiner notes if he/she observes 
excessive drift of the arms toward the right or the left. 


Interpretation 

The presence of limb dysmetria or dysdiadochokinesia is a 
useful indicator of cerebellar disease, which may or may not 
accompany midline or vestibulocerebellar oculomotor dys- 
function. Patients with peripheral vestibular dysfunction will 
not display limb coordination abnormalities. If abnormali- 
ties are noted on the limb coordination examination, the 
patient should undergo imaging and evaluation by a neu- 
rologist. The past pointing test assesses upper extremity tonic 
balance. This test is considered a bedside vestibulospinal test. 
While excessive drift of the extremities to the right or to the left 
may indicate a cerebellar (particularly a vestibulocerebellar) 


SYMPTOMS AND PHYSICAL EXAMINATION FINDINGS OF PERIPHERAL VERSUS 


Central Nervous System Disease 


Disequilibrium, imbalance, or vertigo 

Associated neurologic symptoms 

Direction-changing, horizontal, vertical, torsional, or 
pendular nystagmus 

Gaze-evoked nystagmus or rebound nystagmus 

Nystagmus enhanced by visual fixation 


Abnormal oculomotor tests? 

Saccadic pursuit 

Dysmetric, disconjugate, slow, delayed saccades 
Postheadshake nystagmus tests: cross-coupling nystagmus® 


Atypical positioning nystagmus 

Limb incoordination, dysmetria, or dysdiadochokinesia 
Gait abnormalities (e.g., wide-based, shuffling, ataxic) 
Failed Romberg stance 


Positive hyperventilation-induced nystagmus test 


SCC, semicircular canal. 
?Oculomotor tests (e.g., saccades, smooth pursuit, vergence). 


’Cross-coupling nystagmus: purely vertical nystagmus following horizontal headshakes. 


‘See Table 165.4 for more detail. 
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lesion, this finding is also indicative of vestibular system 
abnormalities. The lesion may involve either the peripheral 
or central vestibular system. Further evaluation is warranted. 


Gait and Posture Tests 


Three sensory inputs are vital for maintaining balance: (a) 
visual, (b) somatosensory (proprioception), and (c) ves- 
tibular. These inputs are integrated in the CNS, and the 
appropriate motor commands are provided to the periph- 
ery in order to maintain balance. When one of the three 
sensory inputs is compromised, a patient must rely on the 
other two inputs to maintain equilibrium. Gait and pos- 
ture tests are designed to identify the location of the abnor- 
mality affecting balance. 


Test Performance 

The examiner first observes the patient's gait when walking 
into the examination room. Discrepancies with later exami- 
nation observations should be noted. For the simple gait test, 
the patient is asked to walk 50 feet down a hallway, turn rap- 
idly, and walk back without touching the walls. The examiner 
observes for initiation of movement, change in gait tempo/ 
direction, stride length, arm swing, stance width, missteps, 
veering/deviations, shuffling, sway, ataxia, and signs of mus- 
cle weakness or skeletal abnormality (kyphoscoliosis, limb 
asymmetry, and limp). For the tandem gait test, the patient 
steps heel to toe in a tandem manner across the room. With 
the eyes open, this test assesses cerebellar function. With the 
eyes closed, the tandem gait better assesses vestibular func- 
tion since the CNS is more reliant on the vestibular system 
in the absence of visual information. 

The Unterberger (Fukuda) stepping test is used to gain 
insight into the vestibulospinal function (94,95). The 
patient is asked to march in place with eyes closed and 
arms extended straight out at the level of the shoulders for 
1 minute. The examiner notes the degree of lateral rotation 
at the end of the maneuver. 

The following examinations assess posture. For the 
Romberg test, the patient is asked to stand with feet together 
and arms at the side, first with eyes open and then with 
eyes closed (Fig. 165.7). The examiner observes the relative 
amount of sway, both with and without vision, and notes if 
the patient falls consistently to one side. In order to increase 
the sensitivity of vestibular defects, one can perform the 
tandem Romberg test or the foam Romberg test (Fig. 165.7). 
These tests are performed similarly to the original test. For 
the tandem Romberg test, though, the patient is asked to 
stand with one foot in front of the other heel to toe. For 
the foam Romberg test, the patient is asked to repeat the 
Romberg test while standing on large 3-inch dense foam. 

Proprioception function relies on intact peripheral 
nerves and afferent pathways, which are evaluated in sev- 
eral ways. Firstly, the patient’s reflexes are assessed in the 
standard manner. Secondly, the proprioceptive movement test 
is performed. The patient is asked to take off their shoes 
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and socks. With the patient’s eyes closed, the examiner 
moves the patient’s toe up or down by grasping it on the 
sides to decrease pressure cues. The patient indicates in 
which direction the digit moved. Thirdly, the vibration test 
is performed. The examiner places a 128-Hz tuning fork 
on the malleolus of the ankle and compares the vibratory 
sensation to that at the wrist. 


Interpretation 

“Vestibular gait” does not define any specific manner and/or 
type of movement. Indeed, a broad array of characteristics can 
qualify a gait as abnormal. Furthermore, a number of causes 
can be the source(s) of the abnormal gait. If a patient suffers 
an acute unilateral loss of otolithic function, the patient will 
tend to veer toward the side of the lesion. Patients often rap- 
idly compensate. Nevertheless, a variety of central brainstem 
and musculoskeletal lesions also produce lateral deviation 
during ambulation. Difficulties with gait initiation and turns 
as well as decreased arm swing can be seen in extrapyrami- 
dal disease. Gait ataxia implies cerebellar dysfunction and is 
distinctly different from the gait deviation associated with 
uncompensated peripheral vestibular disease. A shuffling 
gait should prompt the examiner to explore the possibility 
of Parkinson’s disease and/or normal pressure hydrocephalus 
(NPH). Finally, exaggerated hip sway, rhythmic deviations, 
and an excessive reliance on touching the wall during ambu- 
lation may constitute signs of a functional gait disorder. 

The stepping test was first described in 1938 by 
Unterberger (95) and later modified by Fukuda in 1959 
(94). The ability to close one’s eyes and step in place with- 
out turning depends on normal vestibulospinal and pro- 
prioceptive function. Most normal subjects deviate less 
than 30 degrees in rotation to one side during the step test, 
whereas some patients with uncompensated unilateral 
vestibular weakness deviate more than 30 degrees toward 
the weaker side. It is important to note that patients with 
chronic vestibular dysfunction that have compensated 
for their vestibular loss may perform normally on the 
Unterberger (Fukuda) stepping test (96). 

The Romberg stance primarily tests somatosensation and 
proprioception functions and not the integrity of vestibular 
inputs (97). Patients compensating for bilateral vestibular 
loss are able to stand in the normal Romberg position with 
both eyes open and eyes closed because of adequate pro- 
prioception from a stable support surface. There are two 
ways, however, to increase this test’s sensitivity to detect 
vestibular deficits: Instruct the patient to (a) stand in the 
tandem stance (tandem Romberg test) and then (b) step 
onto a piece of 3-inch dense foam (foam Romberg test). In 
the tandem stance, the support surface cues are sufficiently 
altered so that vestibular cues play a greater role in main- 
taining upright posture. Similarly, when the patient stands 
on a compliant support surface, such as 3-inch foam, 
somatosensory cues are muted, and vestibular cues become 
more important. Patients with vestibular dysfunction may 
demonstrate excessive hip sway (98,99). 
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Romberg tests. A: Standard Romberg 
test ona firm surface. B: Tandem Romberg test ona firm 
surface. C: Foam Romberg test on a 3" foam pad. As 
proprioceptive cues are altered in (B) and (C), vestibular 
input to balance becomes more crucial. (Adapted from 
Goebel JA, White JA, Heidenreich KD. Evaluation of the 
vestibular system, Chapter 10. In: Snow JB, Wachym PA, 
Ballenger JJ. (eds.). Ballenger’s otorhino-laryngology 
head and neck surgery. 17th ed. Shelton, CT: People’s 
Medical Publishing House, 2009:131-144.). C 


Since many of the tests assessing posture and gait rely on Additional Tests 
proprioception, it is important to evaluate the peripheral 


nerve status, Abnormalities in reflexes, digit propriocep- In addition to the basic neurotologic examination, there are 
tion, and vibration sensation should provoke the examiner several on nat that can be is aaa one Pavent A 
to investigate causes of peripheral neuropathy (e.g., diabe- number of the following tests will unmask peripheral vestibu- 


tes) and other neurologic processes. lar abnormalities and can provide important diagnostic clues. 
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Mastoid Vibration 

Vibration-induced nystagmus can be used as a diagnos- 
tic tool in patients with unilateral vestibular loss or SCC 
dehiscence. The examiner places a vibration source on the 
mastoid tip and observes the patient’s eyes for nystagmus 
under Frenzel lenses. Nystagmus produced by mastoid 
oscillation in patients with vestibular asymmetry was ini- 
tially described by White et al. in 2007. Mastoid vibration 
serves aS an excitatory stimulus to both labyrinths and, in 
some cases of asymmetry, produces a horizontal-torsional 
nystagmus toward the stronger ear (100-102). In patients 
with superior SCC dehiscence, a vertical-torsion nystagmus 
in the plane of the affected SCC can be induced by mastoid 
vibration (100-102). 


Malleolar Sign 

Patients with superior SCC dehiscence may have hyperacu- 
sis to bone-conducted sounds and can present with symp- 
toms of hearing their own pulse and/or the movements of 
their eyes (103,104). The bone-conducted hyperacusis can 
be explained by the “third mobile window” effect (19,105). 
To assess this unique suprathreshold bone conduction, the 
examiner places a 256-Hz tuning fork on the patient’s mal- 
leolus. A patient with superior SCC dehiscence may hear 
the tone in the affected ear (106). 
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Sound-Evoked or Pressure-Evoked Eye Movements 
Consistent eye deviations or nystagmus induced by sound 
or pressure changes in the middle ear is abnormal. The most 
common involved sites are the oval window (perilymph fis- 
tula, excessive footplate movement), round window (peri- 
lymph fistula, enlarged cochlear aqueduct), lateral SCC 
(perilymph fistula), and superior SCC (dehiscence). 

The following maneuvers can demonstrate sound-evoked 
and/or pressure-evoked eye movements. With Frenzel lenses 
in place, the examiner observes the patient’s eyes for nystag- 
mus or tonic eye deviations concurrent with symptoms of 
dizziness under the following test conditions: (a) steady tra- 
gal compression or insufflations through a pneumatic oto- 
scope used to increase (or decrease) pressure in the external 
auditory canal, (b) Valsalva maneuvers, and (c) presenta- 
tion of loud tones via a tuning fork or an audiometer. 

Hennebert sign is vertigo and/or nystagmus evoked by 
pressure-induced movement of the tympanic membrane 
and may occur in patients with perilymph fistula, otic syph- 
ilis, otic capsule erosion from disease, or SCC dehiscence. 
Pressure changes in the middle ear can be induced by tra- 
gal compression, pneumatic otoscopy (through a Siegel 
speculum), or Valsalva maneuvers. A closed-glottis Valsalva 
(bearing down) results in increased intrathoracic pressure, 
decreased jugular venous return, and increased intracranial 
pressure (Fig. 165.8). The increased intracranial pressure 


Ke 


Superior canal 
ampulla 


Figure 165.8 Maneuvers for diagnosing superior SCC dehiscence. Images depict the right ear. 
A: A closed-glottis Valsalva (bearing down) results in increased intrathoracic pressure, decreased 
jugular venous return, and increased intracranial pressure. The increased intracranial pressure ex- 
erts a force directly at the site of bony dehiscence. This moves the endolymph toward the superior 
SCC ampulla (ampullopetal), which according to Ewald’s third law is inhibitory. Upon release, the 
endolymph flows away from the ampulla (ampullofugal), generating stimulatory nystagmus. B: A 
pneumatic otoscope or tragal compression forces air into the external auditory canal. This surge 
of air increases middle ear pressure, causes inward displacement of the stapes, and moves the en- 
dolymph away from the ampulla (ampullofugal), resulting in excitation. The stimulatory nystagmus 
is vertical-torsional with an upward slow phase that aligns with the affected SCC, and the superior 
pole has torsional rotation away from the affected ear. (Adapted from Hullar TE, Zee DS, Minor LB. 
Evaluation of the patient with dizziness, Chapter 164. In: Cummings CW, Flint PW, Harker LA. (eds.), 
Otolaryngology-head and neck surgery. 4th ed. Philadelphia, PA: Elsevier, 2004.) 
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exerts a force directly at the site of bony dehiscence. This 
moves the endolymph toward the superior SCC ampulla 
(ampullopetal), which according to Ewald’s third law is 
inhibitory. Upon release, the endolymph flows away from 
the ampulla (ampullofugal), generating stimulatory nystag- 
mus. An open-glottis Valsalva (pressure against pinched nos- 
trils) forces air into the middle ear through the eustachian 
tube (Fig. 165.8). Furthermore, a pneumatic otoscope or 
tragal compression forces air into the external auditory 
canal (Fig. 165.8). These maneuvers increase middle ear 
pressure and cause inward displacement of the stapes. 
Endolymph moves away from the ampulla (ampullofugal), 
resulting in excitation. The stimulatory nystagmus is verti- 
cal torsional with an upward slow phase that aligns with 
the affected SCC, and the superior pole has torsional rota- 
tion away from the affected ear (19,107) (Fig. 165.8). Eye 
movements are typically conjugate. In addition, cranial- 
cervical junction abnormalities (Arnold-Chiari malforma- 
tion in particular) produce vertical downbeat nystagmus 
with any maneuver that increases intracranial pressure. 
Tullio phenomenon is the occurrence of vertigo and nystag- 
mus with exposure to sound. The examiner introduces pure 
tones over a range of 250 to 4,000 Hz at intensities of 100 
to 110 dB. The characteristic eye findings are similar to those 
resulting from increased middle ear pressure (19,106). 


Hyperventilation-Induced Nystagmus 
Hyperventilation may induce dizziness and light-head- 
edness in patients with psychiatric disorders (e.g., anxi- 
ety or panic disorder), but does not result in nystagmus 
(108,109). Hyperventilation does induce nystagmus 
in demyelination of the vestibular nerve (e.g., acoustic 
schwannoma or microvascular nerve compression) or 
central demyelination conditions (eg., multiple sclero- 
sis) (110-112). With Frenzel lenses in place, the patient 
is asked to hyperventilate for 90 seconds by taking deep 
breaths and then inhaling and exhaling in rapid succes- 
sion. The examiner inspects the patient’s eyes for result- 
ing eye movements and notes the direction and character 
of the nystagmus. Hyperventilation-induced nystagmus is 
an excitatory nystagmus with the slow phase toward the 
healthy ear. Hyperventilation decreases both CSF and 
serum PCO, levels (113). The alkalotic environment causes 
albumin to bind to calcium. The reduction in extracellular 
calcium levels leads to improved axonal conduction in par- 
tially demyelinated nerve fibers (114-116). Interestingly, it 
has been reported that after surgical resection of acoustic 
schwannomas, hyperventilation no longer induces nystag- 
mus, presumably because the demyelinated nerve fibers 
have been removed (112). 


CONCLUSION 


The diagnosis and management of the patient with dizziness 
and imbalance can be perplexing and challenging. Therefore, 
it is vital that practitioners recognize the complexity of the 


problem and develop a systematic and efficient approach. 
Taking a careful history and deciphering a true understand- 
ing of the patient’s symptoms are crucial in developing a 
differential diagnosis. Furthermore, it is important to per- 
form a systematic and structured neurotologic examination. 
Between a detailed history and a structured neurotologic 
examination, the physician will be best equipped to provide 
an accurate diagnosis and a rational treatment approach 
that addresses all major contributing factors. 


m The three primary sensory inputs responsible for 
balance originate from the vestibular, visual, and 
somatosensory (proprioceptive) pathways. 

= A structured and thorough discovery of all pertinent 
historical events is critical in the evaluation of the 
dizzy patient. 

m The head impulse test (HIT) is a bedside technique 
used to detect unilateral or bilateral vestibular hypo- 
function. 

= Postheadshake nystagmus is considered a patho- 
logic sign of vestibular input asymmetry in the 
plane of rotation. 

m The dynamic visual acuity test (DVAT) has been 
developed and studied for the purpose of determin- 
ing gaze stability during head movements at higher 
frequency (greater than 2 Hz) and peak velocity 
(greater than 120 degrees/s). 

m= Benign paroxysmal positional vertigo (BPPV) is 
characterized by a sudden onset of episodic vertigo 
lasting from a few seconds to several minutes that is 
induced by head movement in certain positions and 
is the most common cause of peripheral positioning 
nystagmus. 

m It is critical to understand Ewald’s laws in order 
to accurately interpret nystagmus resulting from 
peripheral vestibular pathology. 
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Peripheral Vestibular 
Disorders 


Yuri Agrawal 


The vestibular end organ consists of five organs: three 
semicircular canals (anterior, posterior, and horizontal), 
and two otolith end organs—the saccule and the utricle. 
The semicircular canals detect angular head rotation, while 
the otolith end organs detect translational head motion 
and the head’s orientation with respect to gravity. Hair cells 
in the right and left vestibular organs fire at a tonic baseline 
rate; if the head is turned toward the right, the hair cells of 
the right horizontal canal increase their firing rate while 
the hair cells of the left horizontal canal decrease their fir- 
ing rate. The opposite changes occur with head turns to the 
left. Sensory input from the vestibular periphery is relayed 
centrally via the vestibular nerves; the superior vestibular 
nerve carries information from the horizontal and supe- 
rior semicircular canals and the utricle while the inferior 
vestibular nerve transmits input from the posterior semi- 
circular canal and saccule. The brain compares the inputs 
from right and left vestibular organs in order to determine 
that a change in head position has occurred and gener- 
ates compensatory eye movements and postural changes. 
Collectively, the vestibular apparatus encodes information 
about head position and contributes to the maintenance 
of gaze and postural stability (via the vestibuloocular reflex 
(VOR) and vestibulospinal reflex respectively) (1). 

In this chapter, we review peripheral vestibular disor- 
ders, which are characterized by pathology located in the 
peripheral vestibular end organs. The hallmark symptom 
of peripheral vestibular dysfunction is vertigo, which 
occurs if the right- and left-sided vestibular nerves fire 
asymmetrically in the absence of a head movement, creat- 
ing an illusory sense of motion. We categorize peripheral 
vestibular disorders based on the clinical manifestations 
of vertigo (Table 166.1). Vertigo can be episodic, result- 
ing from a reversible unilateral loss or gain of vestibular 
function, either of which can produce an asymmetry in the 
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firing rates of the right- and left-sided vestibular nerves. 
Peripheral vestibular diseases characterized by episodic 
disruption of vestibular function include Méniére’s dis- 
ease, where loss of vestibular function occurs for minutes 
to hours, as well as vestibular neuritis, labyrinthitis, and 
immune-mediated inner ear disease (IMIED), where loss 
of function can occur for over 24 hours. In migrainous ver- 
tigo, disruption of vestibular function may last for variable 
periods of time, in some events for minutes to hours, but 
in others for days. Peripheral vestibular disorders resulting 
from intermittent excitation in vestibular function include 
benign paroxysmal positional vertigo (BPPV) and superior 
canal dehiscence (SCD) syndrome. Perilymph fistulas may 
produce either an episodic disruption or excitation of ves- 
tibular function. A third category of peripheral vestibular 
disorders are those that result from chronically inadequate 
vestibular function. Chronic unilateral loss of vestibular 
function can be due to incomplete recovery after vestibular 
neuritis or labyrinthitis, long-term sequelae of Méniére’s 
disease, damage from cholesteatoma or chronic otitis 
media, etc. Some specific other causes are discussed in other 
chapters, including temporal bone trauma (Chapter 150) 
or acoustic neuroma (Chapter 159). Chronic bilateral ves- 
tibular dysfunction typically occurs in the setting of a sys- 
temic exposure, such as to aminoglycoside antibiotics or 
chemotherapeutic agents, or may be genetic in origin. 


Méniere’s Disease 

Méniere’s syndrome is an inner ear disorder characterized 
by spontaneous attacks of vertigo, fluctuating low-frequency 
sensorineural hearing loss, aural fullness, and tinnitus. 


When the syndrome is idiopathic and cannot be attributed 
to any other cause (e.g., syphilis, IMIED, surgical trauma), 
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BASIC PRESENTATIONS 
OF PERIPHERAL VESTIBULAR 
DYSFUNCTION 


TABLE 


166.1 


1. Episodic disruption of unilateral vestibular function 
Lasting minutes-hours 
¢ Méniére’s disease 
¢ Perilymph fistula 
Lasting >24h 
¢ Vestibular neuritis 
¢ Labyrinthitis 
e IMIED 
Lasting variable periods of time 
¢ Migrainous vertigo 
2. Brief/episodic excitation of unilateral vestibular function 
¢ BPPV 
¢ SCD syndrome 
¢ Perilymph fistula 
3. Chronically inadequate vestibular function 
Unilateral 
¢ Unilateral vestibular hypofunction following vestibular 
neuritis, trauma, etc. 
¢ Acoustic neuroma 
Bilateral 
¢ Aminoglycoside toxicity 
¢ Chemotherapy 
¢ Familial 


it is referred to as Méniére’s disease (2). Méniére’s syn- 
drome exhibits a relapsing-remitting pattern, with epi- 
sodic attacks terminated by periods of restitution to normal 
auditory and vestibular function. Additionally, auditory 
and vestibular function may decline over time (3). 


Clinical Features 

The prevalence of Méniére’s disease has been reported to 
range from 34.5 per 100,000 persons in Japan (4), 157 
per 100,000 persons in the United Kingdom (5), 190 per 
100,000 in the United States (G6), to 513 per 100,000 in 
Finland (7). Disease onset typically occurs in the fourth to 
sixth decade of life, with a 1.3-1.9:1 female predominance 
(4,6). The extent to which Ménieére’s disease occurs bilater- 
ally has been a subject of considerable controversy. House et 
al. (8) found a 24% overall prevalence of bilateral Méniére’s 
disease, with 11% being bilateral at initial presentation, 
and a 14% rate of progression from unilateral to bilateral 
disease. The diagnosis of Méniére’s disease is largely clinical 
at this time; there are no pathognomonic tests that confirm 
this diagnosis. The most widely-used guidelines to estab- 
lish a diagnosis of Méniére’s disease were published by 
the American Academy of Otolaryngology-Head and Neck 
Surgery (AAO-HNS), which termed “definite” Méniére’s 
disease as two or more spontaneous episodes of vertigo, 
each lasting 20 minutes or longer; hearing loss docu- 
mented by audiograms on at least one occasion; tinnitus or 
aural fullness in the affected ear; and other causes excluded 
(typically with gadolinium-enhanced magnetic resonance 


imaging [MRI] of the cranial base) (9). The staging system 
established by the AAO-HNS is based on audiometric cri- 
teria, with 4-frequency pure-tone averages at 0.5, 1, 2, and 
3 kHz of less than 25, 26 to 40, 41 to 70 and greater than 
70 corresponding to Stages 1, 2, 3, and 4 respectively. 

The presentation of Méniére’s disease typically includes 
recurring attacks of vertigo (96.2%), with tinnitus (91.1%) 
and ipsilateral hearing loss (87.7%) (10). The clinical 
course of Méniére’s disease varies considerably between 
patients, from long periods of remission punctuated 
by episodic attacks to intervals of unrelenting attacks. 
Longitudinal studies suggest that vertigo ceases spontane- 
ously in 57% of cases at 2 years and 71% after 8.3 years 
(11). Patients classically present with a low-frequency sen- 
sorineural hearing loss that is fluctuating and progressive. 
With long-standing disease (greater than 10 years), the 
audiometric pattern flattens and the hearing loss typically 
stabilizes at a pure-tone average of 50 dB and a speech dis- 
crimination score of 50% (12). Profound sensorineural 
hearing loss occurs in 1% to 2% of patients (13); if the 
losses are bilateral, patients may benefit from cochlear 
implantation (14). 


Endolymphatie Hydrops 

Endolymphatic hydrops has long been held to be the 
pathologic basis for Méniére’s disease (15-17). Endo- 
lymph, the potassium-enriched fluid in the inner ear, 
may be either excessively synthesized or inadequately 
resorbed, resulting in expansion of the endolymphatic 
space (17,18). Endolymphatic hydrops typically involves 
the pars inferior of the labyrinth (composed of the saccule 
and cochlea) (16,19). The pars superior (utricle and semi- 
circular canals) may also be involved in endolymphatic 
hydrops, although changes tend to be less dramatic and 
occur less frequently. 

Several mechanisms have been suggested to explain 
how endolymphatic hydrops may produce the spontane- 
ous attacks of vertigo characteristic of Méniére’s disease. 
The most prominent theory holds that hydropic distension 
of the endolymphatic duct causes rupture of the distended 
membranes, a phenomenon that has been observed 
throughout the labyrinth (20). Membrane rupture allows 
the potassium-rich endolymph to leak into the perilym- 
phatic space and contact the basal surfaces of the hair cells 
as well as the eighth cranial nerve. Initial excitation and 
then subsequent inhibition of the hair cells manifests as 
a direction-changing nystagmus and may underlie epi- 
sodic vertigo. Long-term declines in auditory and vestibu- 
lar function may be the result of repeated exposure of the 
vestibular hair cells to toxic levels of potassium-enriched 
perilymph (21). Recent studies have challenged the pri- 
macy of endolymphatic hydrops in the pathophysiology of 
Méniere’s disease, and have suggested that endolymphatic 
hydrops may be a marker of disordered cochlear homeo- 
stasis but not necessarily directly responsible for the symp- 
toms of Méniére’s disease (22). 


Physiologic Tests in Méniére’'s Disease 

The use of electrocochleography is based on endolymphatic 
hydrops as a presumed pathologic correlate of Méniére’s 
disease. Electrical potentials generated by the cochlea are 
measured in response to repeated sound stimulation with 
clicks or tonebursts. The cochlear field potential responses 
include the cochlear microphonic potential and the sum- 
mating potential (SP), both of which represent cochlear 
hair cell function, and the compound action potential (AP), 
which reflects auditory nerve activity and corresponds to 
wave I of the auditory brainstem reflex. The SP has been 
observed to be larger in response to clicks or more negative 
in response to tonebursts in patients with Ménieére’s disease. 
Using clicks, for example, a typical upper limit of normal 
for the SP/AP ratio is 0.4 (23). SP changes in Ménieére’s dis- 
ease are thought to reflect hydropic distension of the basi- 
lar membrane into the scala tympani causing an increase 
in the normal asymmetry of its vibration. The sensitivity of 
the SP/AP ratio has been reported to be 50% to 70% (24), 
and efforts to augment the sensitivity have included com- 
bining the SP/AP ratio with SP amplitude, AP latency, and 
audiometric parameters (25). Yet while studies find that 
electrocochleographic findings with audiometric consider- 
ations can segregate cases of definite Méniére’s disease from 
normals, the ability of electrocochleography to discriminate 
between cases of possible or probable Méniére’s disease and 
normals is less clear (25). It is in these less-clear cases that 
additional information would be most helpful. 

Caloric and head impulse testing are both tests of semi- 
circular canal function. In caloric testing, bithermal irri- 
gation is applied to the external auditory canals, which 
causes a convective movement of endolymph within the 
ipsilateral horizontal semicircular canal (26). The move- 
ment of fluid within the horizontal canal results in excit- 
atory or inhibitory deflection of the cupula (depending 
upon the direction of endolymph flow). Motion of the 
cupula then leads to hair cell excitation or inhibition with 
a corresponding change in the discharge rate of vestibular- 
nerve afferents. Compensatory eye movements are thereby 
elicited (corresponding to the slow phases of nystagmus), 
followed by fast resetting eye movements (corresponding 
to the fast phase of nystagmus). The maximum velocities 
of the slow phases of nystagmus are compared bilaterally 
and used to compute unilateral weakness or caloric asym- 
metry. Depending on the normative data developed by 
individual vestibular laboratories, a caloric asymmetry of 
20% or greater is usually considered indicative of unilat- 
eral peripheral vestibular hypofunction. 

Head impulse (or head thrust) testing assesses the integ- 
rity of the angular vestibuloocular reflex (AVOR). Head and 
eye movements are recorded during high-velocity, high- 
acceleration rotary head impulses in the excitatory direc- 
tion for each of the six semicircular canals. Normal subjects 
are able to maintain visual fixation on a target during rapid 
head movement and thus have gain values (computed as 
the ratio of eye velocity to head velocity) close to 1.0 (27). 


Chapter 166: Peripheral Vestibular Disorders 2703 


A significant reduction in the caloric response of affected 
ears has been observed in 42% to 79% of individuals 
with unilateral Méniére’s disease (28-34). In contrast, 
abnormalities of the AVOR in Méniére’s disease are much 
less prevalent, although there appears to be a correlation 
between head impulse test gain asymmetry and caloric 
unilateral weakness percentage (29). Although caloric and 
head impulse testing are both measures of semicircular 
canal function, they may be capturing distinct phenom- 
ena. Caloric irrigation causes a slow convective flow of 
endolymph and provides a low frequency stimulus to the 
vestibular system. In contrast, high-velocity rotary head 
thrusts cause rapid endolymph movement and generate a 
high frequency input to vestibular afferents. It is possible 
that Méniére’s disease preferentially impairs the ability of 
the vestibular apparatus to process low-frequency signals. It 
should be noted that the low-frequency caloric stimulus is 
a nonphysiologic input, whereas the high-frequency head 
thrust approximates commonly occurring stimulus frequen- 
cies to the vestibular apparatus during walking and running. 
Thus it is also possible that mechanisms of central adapta- 
tion can only be established for physiologic stimuli (lead- 
ing to normal responses to head impulse testing) but not 
for inputs outside the normal range (i.e., caloric stimuli). 

Vestibular-evoked myogenic potentials (VEMPs) are 
thought to reflect otolith function. The cervical VEMP 
(cVEMP) in response to air-conducted clicks or tonebursts 
appears to be generated by a sacculocollic reflex. In the 
afferent limb of this reflex pathway, acoustically-sensitive 
cells in the saccule respond to brief, loud, monaural sound 
stimuli and transmit an electrical signal centrally via the 
inferior vestibular nerve. The efferent limb of this reflex arc 
sends an inhibitory impulse to the fibers of the ipsilateral 
sternocleidomastoid muscle; electromyographic record- 
ings from this muscle in response to a sound input thus 
reflect saccular function (35,36). 

cVEMP responses to click stimuli were observed to 
be delayed or absent in 51% to 54% of patients with 
Méniére’s disease (37,38) compared to the normal click- 
evoked response rates of 98%. Normal individuals dem- 
onstrate greatest sensitivity of their sacculocollic reflex over 
the 200 to 1,000 Hz frequency range (39,40); patients with 
Méniére’s disease are noted to exhibit altered frequency 
tuning, such that the greatest sensitivity of the sacculo- 
collic reflex appears to occur at higher frequencies and 
across a broader frequency range compared to normal 
subjects (41). Frequency tuning may be a function of the 
resonance properties of the saccule (which in part reflects 
the size of the saccule). Moreover, individuals with severe 
saccular dysfunction who experience drop attacks—otherwise 
known as otolithic crises of Tumarkin (42,43)—have the 
greatest blunting and frequency shift of their cVEMP 
tuning curves (44). Additionally, 27% of individuals with 
unilateral Méniére’s disease were found to have cVEMP 
response abnormalities in their unaffected ear; the CVEMP 
tuning curves in these asymptomatic ears were noted to be 
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intermediate in phenotype between affected and normal 
ears (45). cVEMP testing shows particular promise as a 
measure of Méniére’s disease severity and in its ability to 
prognosticate bilateral disease. 


Treatment 

Given that the pathologic basis of Méniére’s disease remains 
elusive, it follows that a curative treatment remains to be 
elucidated. Current therapies are directed at mitigating 
symptoms, particularly vertigo. First-line medical regimens 
include salt restriction and diuretics, aimed at alleviating 
endolymphatic hydrops. Betahistine, an H1-histamine 
receptor antagonist that increases inner ear blood flow, has 
been shown to reduce the frequency and severity of vertigo 
episodes. Betahistine is widely used in Europe in the treat- 
ment of Méniére’s disease although its use is limited in the 
United States given insufficient evidence for its efficacy (46). 
Increasing evidence supports the use of corticosteroids, 
particularly delivered intratympanically, in the treatment 
of Méniere’s disease. One large retrospective study found 
that control of vertigo symptoms was achieved in 91% of 
patients treated with intratympanic dexamethasone, allow- 
ing them to defer or avoid ablative therapies (47). 

Medical therapy is insufficient to control vertigo symp- 
toms in 10% of cases (48). Options for patients with 
refractory Méniére’s disease include surgical decompres- 
sion of the endolymphatic system, and surgical or chemi- 
cal ablation of vestibular function. In endolymphatic sac 
surgery, a transmastoid approach is used to decompress 
the sac with or without placement of a shunt to drain 
endolymph. Studies demonstrate positive outcomes from 
endolymphatic shunt surgery in terms of hearing preser- 
vation and vertigo control (49), although a recent meta- 
analysis found that there is insufficient evidence showing 
efficacy of this procedure relative to placebo (50). Selective 
vestibular neurectomy via middle fossa or posterior fossa 
approach has been shown to relieve vertigo symptoms 
in over 90% of cases, although potential complications 
of these procedures, including hearing loss, facial nerve 
weakness, cerebrospinal fluid (CSF) leak, speech and lan- 
guage deficits (from temporal lobe retraction in the middle 
fossa approach), and headaches (from the posterior fossa 
approach) must be considered. Surgical labyrinthectomy 
achieves excellent vertigo control rates, although hearing in 
the operated ear is abolished. 

Surgical procedures are increasingly being supplanted 
by chemical ablation of the peripheral vestibular apparatus 
using intratympanic gentamicin. Gentamicin is a relatively 
selective vestibulotoxic aminoglycoside antibiotic that is 
preferentially taken up by type I hair cells of the vestibular 
neuroepithelium (51). The use of low-dose intratympanic 
gentamicin has been shown to yield 70% to 90% vertigo 
control rates (52), and is associated with hearing loss in 
only 17% of cases (53). We have demonstrated that AVOR 
gains in Ménieére’s disease are typically normal before intra- 
tympanic gentamicin administration, and that they drop 


significantly after gentamicin, but not as much as after 
surgical labyrinthectomy (54). Studies in the chinchilla 
suggest that the lesion caused by intratympanic gentamicin 
primarily affects type I vestibular hair cells and may damage 
stereocilia on type II hair cells; however, vestibular nerve 
afferents continue to fire spontaneously after intratympanic 
gentamicin treatment (51,55). These findings suggest that a 
benefit of intratympanic gentamicin treatment over surgical 
ablation is that the gentamicin lesion is partial and does 
not create the kind of large static imbalance in vestibular 
nerve firing that accompanies surgical ablation. Therefore, 
adaptation to the intratympanic gentamicin lesion may be 
less challenging than to surgical ablation. 


Migrainous Vertigo 


Clinical Features 

Vertigo is a common symptom of migraines, occurring 
in 25% of migraine patients (56). Vertigo may occur as 
an aura, which is a focal neurologic symptom preceding 
the headache. More commonly, however, attacks of ver- 
tigo occur independently and in some cases in place of 
the headache (57). In fact, typical migraine headaches 
occur with the vertigo spells in only about half of cases 
(58,59). Patients often report a prior history of migraine 
headaches that seem to have resolved. Milder head or neck 
pain or pressure may replace the pounding headaches and 
accompany the dizziness symptoms. The dizziness can be 
described as vertigo (spinning, rocking, swaying) or sim- 
ply disequilibrium. The symptoms may be quite variable 
in duration, lasting minutes to days in episodic cases, or 
may present as constant disequilibrium lasting months. In 
approximately half of episodic cases the spells of vertigo 
or disequilibrium last more than a day (60), a feature that 
often helps distinguish migrainous vertigo from Méniére’s 
disease. Photophobia, menstrual association, and nasal 
stuffiness at the time of attack all increase the odds that 
vertigo is migrainous in origin, especially if there is no 
history of hearing fluctuation or positional component 
(61). A family history of migraines may be helpful in the 
diagnosis, as may a history of unexplained falling spells or 
motion sensitivity as a child (62). Interestingly, the preva- 
lence of migraine in patients with Ménieére’s disease is sig- 
nificantly higher than in the general population (63,64), 
and there may be a pathophysiologic link between the two 
disorders. This makes it sometimes difficult to distinguish 
the two in a given patient, and both may need to be treated 
for successful control of vertigo in some individuals. 


Pathophysiology 

Two pathophysiologic mechanisms have been hypothe- 
sized to cause migraine-associated vertigo: central electrical 
disturbances and peripheral trigeminovascular dysfunction. 
Functional MRI studies have demonstrated the centrifugal 
spread of depressed metabolic activity originating from 
the occipital cortex during visual aura progression (65). 


This cortical spreading depression appears to represent a 
propagating wave of disturbed membrane ionic homeosta- 
sis; indeed, studies have linked at least one form of migraine 
(familial hemiplegic migraine) to several possible muta- 
tions, for example, in a calcium ion channel gene on chro- 
mosome 19 (66). Baloh (67) has suggested that the features 
of more common migraine syndromes resemble those of 
many inherited ion channelopathies. This may account 
for the efficacy of agents that cause an ion channel block- 
ade, such as calcium channel blockers or beta-blockers, 
in the prevention and treatment of migraine. The spread- 
ing depression triggered by ion channel defects appears 
to affect not only cortical structures but also more caudal 
regions in the brainstem (68). A variety of structures may be 
affected by aberrant electrical activity in the tightly-packed 
brainstem anatomy. Involvement of the medial lemniscus, 
through which touch and proprioceptive fibers ascend to 
the thalamus, may contribute to the pain and allodynia 
(hypersensitivity to touch) experienced by migraineurs. 
Involvement of the ascending fibers of the reticular acti- 
vating system, which regulate alertness, may explain the 
fatigue that often occurs during and after a migraine epi- 
sode. Spread of the metabolic depression to the descending 
fibers of the brainstem that are responsible for the com- 
mon integrator function of the vestibular and oculomotor 
systems may lead to disturbances of the VOR. The electri- 
cal disturbance may also affect the cochlear and vestibular 
nuclear complexes, producing the symptoms of hearing 
loss and vertigo. Indeed, transient sensorineural hearing 
loss as well as reduction in vestibular responses have been 
documented in patients with migraine (57,69,70). 

Another possible mechanism to explain the observed 
labyrinthine dysfunction is activity in the trigeminovascu- 
lar efferent system. Dysfunction of the trigeminal brain- 
stem nuclei (possibly owing to spreading depression) may 
lead to aberrant efferent signals in the trigeminal nerve. 
The trigeminal nerve arborizes extensively in the head and 
neck, with efferents also demonstrated in the inner ear 
(71). Release of vasoactive compounds such as calcitonin 
gene-related peptide and Substance P by the trigeminal 
nerve may cause plasma extravasation and produce a local 
aseptic inflammation (72). Plasma extravasation from the 
spiral modiolar artery has been demonstrated after stimu- 
lation of the trigeminal ganglion, so it seems possible that 
a migrainous mechanism could directly affect cochlear 
and peripheral vestibular function (73). If so, this might 
explain the difficulty in separating some cases of migrain- 
ous vertigo from apparent Méniére’s disease, as the periph- 
eral effects of such trigeminovascular disturbances might 
mimic what we now think of as Ménieére’s disease. 


Treatment 

The treatment of migrainous vertigo can be quite success- 
ful if approached in a stepwise fashion, beginning with 
dietary and lifestyle modifications, and proceeding if 
needed to recognized migraine prophylactic agents (60). 
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Lifestyle changes should include regular sleep and exercise, 
and the identification and avoidance of migraine triggers. 
Stress, hormonal changes, weather and barometric pres- 
sure changes often incite migraine attacks. Common food 
triggers include byproducts of food aging and fermenta- 
tion, such as red wine, aged cheese, yeast bread and yogurt, 
which contain high levels of tyramine. Foods that contain 
amines similar to our own neurotransmitters, such as caf- 
feine, nitrates and other preservatives, chocolate, and vari- 
ous forms of glutamate including monosodium glutamate, 
have also been found to be migraine triggers and should 
be avoided. For symptoms that are constant and for which 
triggers cannot be identified or eliminated, the use of med- 
ications that raise the threshold above which migraines are 
triggered should be considered. Such prophylactic medi- 
cations include calcium channel blockers, beta blockers, 
antidepressants such as nortriptyline or venlafaxine, and 
anticonvulsants including sodium valproate, gabapen- 
tin, and topiramate. Prophylactic medications should be 
selected based on the tolerability of their side effects in a 
given patient. Typically, benefits are seen after 6 to 8 weeks 
of therapy, and a realistic goal is to reduce symptom fre- 
quency and severity by 50% to 70%. For migraine attacks 
that persist despite lifestyle and dietary modifications 
and the use of prophylactic medications, migraine abor- 
tive medications such as the triptans can be considered. 
Abortive medications should not be used more than six to 
eight times per month, given their known rebound effects. 
Vestibular rehabilitation therapy has also been shown to 
significantly improve functional status in patients with 
migraine-associated vertigo (74,75). 


Perilymph Fistula 


Fractures of the bone of the labyrinthine capsule sepa- 
rating the inner ear from the middle ear and mastoid or 
disruption of the bone or membranes in the area of the 
oval or round windows can lead to a perilymph fistula 
with consequent sensorineural hearing loss and episodic 
vertigo (76,77). This diagnosis can be made with certainty 
following stapedectomy in which the prosthesis becomes 
dislodged and perilymph leaks from the open fenestra into 
the middle ear, and with a traumatic temporal bone frac- 
ture that allows a leakage of perilymph. In these situations, 
patching of the fenestration or of the area of the fracture 
can lead to stabilization of hearing and to eradication of 
vertigo. Additionally, labyrinthine fistulae, with or without 
leakage of perilymph, can occur in the setting of chronic 
otitis media, typically with cholesteatoma (78). 

More ambiguous situations are encountered when a 
perilymph fistula is suspected in the absence of the patho- 
logic entities described above. Potential anatomic commu- 
nications between the middle and inner ears may account 
for the development of spontaneous perilymph fistulas 
(79), although these microfissures may be common in 
the temporal bone and not necessarily pathologic (80). 
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Goodhill (81) proposed that an implosive or explosive 
force can lead to membranous ruptures and to formation 
of perilymph fistula. A clear association has been reported 
between the Mondini deformity (partially formed cochlea 
lacking the normal 2!4 turns) and perilymph fistula (82). 
Criteria for determining when exploration for a peri- 
lymph fistula might be indicated have been difficult to 
establish because of the absence of an agreed upon diag- 
nostic test that would be sensitive and specific for the 
identification of perilymph fistula. Studies that use electro- 
cochleography have indicated that an abnormal ratio of SP 
to AP is seen in many patients with an acute leakage of 
perilymph (83). Fistula tests that involve positive and neg- 
ative pressure in the external auditory canal and inspection 
for evoked eye movements (Hennebert sign) or symptoms 
have also been used. This testing method has been com- 
bined with platform posturography to look for increased 
sway in association with the pressure stimuli (84,85). 
Findings at the time of middle ear exploration in 
patients with sudden deafness, vestibular symptoms, and/ 
or auditory symptoms thought perhaps to be related to 
perilymph fistula have differed between studies and have 
been at times equivocal (86-88). Some patients with nega- 
tive explorations have been reported to improve after sur- 
gery. The absence of an observed leakage of perilymph at 
the time of surgical exploration has been interpreted in 
different ways: that a fistula does not exist, that the fistula 
may be intermittent and not present at the time of surgical 
exploration, or that the fistula may not be detectable with 
conventional operative microscopy. Recommendations 
about how to proceed in cases in which a fistula was not 
identified (whether or not to patch the round and oval 
windows with fascia) have varied. In reports of endoscopic 
exploration of the middle ear when there were symptoms 
that could be due to spontaneous perilymph fistula, Poe 
and Bottrill (89) did not find evidence of a leak in any case. 
The dilemmas surrounding the diagnosis and _ treat- 
ment of spontaneous perilymph fistula are likely to persist 
until a diagnostic test with high sensitivity and specificity is 
developed and until verification of a perilymph fistula can 
be definitively established at the time of surgery. Assays for 
beta-2 transferrin and beta-trace protein (proteins thought 
to be unique to perilymph and CSF) in tympanic cavity aspi- 
rates have been investigated, though the sensitivity of these 
analyses is low (90,91). Thus the questions posed in a com- 
prehensive review of perilymph fistulas persist: “Can peri- 
lymph fistulas occur ‘spontaneously’? What symptoms are 
specifically associated with such fistulas? What tests can diag- 
nose a fistula? What is the ‘gold standard’ for confirming the 
presence of a fistula? How should a fistula be treated?” (77). 


Vestibular Neuritis 


Vestibular neuritis is a syndrome of sudden onset vertigo 
lasting for days without associated hearing loss or neuro- 
logic impairment (92). If hearing loss also occurs, this is 


referred to as labyrinthitis. Vestibular neuritis is thought to 
result from the reactivation of a latent herpes simplex virus 
type 1 infection in the vestibular ganglia. Histopathologic 
studies have demonstrated degeneration in Scarpa gan- 
glion and the vestibular nerve after attacks of vestibular 
neuritis (93,94). Typically the superior division of the ves- 
tibular nerve is affected, possibly due to anatomic differ- 
ences in the bony canals between the superior and inferior 
divisions (95,96). A reduction or loss of caloric respon- 
siveness is the most consistent laboratory finding (97). 
Three-dimensional eye movement studies implicate only 
the horizontal and superior canals in generating the acute 
spontaneous nystagmus, whereas the posterior canal is still 
functional in many cases (98,99). The saccule continues 
to function in about two-thirds of patients as measured 
by cVEMP. About one-third of these individuals can go on 
to develop posterior canal BPPV, perhaps due to otolithic 
debris released from the damaged utricle (100). 

A prospective, randomized, double-blind trial of 
141 subjects with acute vestibular neuritis evaluated the 
relative efficacy of methylprednisolone alone, valacyclovir 
alone, and both methylprednisolone and valacyclovir com- 
pared to placebo in the treatment of vestibular neuritis as 
measured by caloric responsiveness within 3 days of the onset 
of symptoms and 12 months afterward (101). The study 
found a significant effect of methylprednisolone but not 
of valacyclovir on the recovery of a caloric response. The 
combination of methylprednisolone and valacyclovir was 
not superior to corticosteroid monotherapy. Steroids are 
thus the mainstay of treatment. Vestibular suppressants can 
relieve acute symptoms, but long-term use can impair com- 
pensation and should be minimized. Vestibular physical 
therapy should be initiated as early as possible to promote 
central compensation for any peripheral loss of function. 


Immune-Mediated Inner Ear Disease 


IMIED represents a syndrome of inner ear inflammation 
resulting from autoimmune mechanisms. Considerable 
evidence suggests that the inner ear is capable of mounting 
both humoral and cell-mediated immune responses (102- 
106). The endolymphatic sac appears to play a pivotal role 
in inner ear immunity; immune responses to antigenic 
stimulation in the cochlea were found to be significantly 
less robust in animals that had undergone sac oblitera- 
tion (107). Temporal bone studies have demonstrated four 
histopathologic patterns associated with IMIED: (a) endo- 
lymphatic hydrops (or fluid-filled distension of the scala 
media as also seen with Méniére’s disease); (b) acute laby- 
rinthitis resulting in atrophy of hair cells and their support- 
ing structures; (c) proliferation of fibrous tissue or bone 
(“neo-osteogenesis”) and (d) neuronal atrophy. 

IMIED may be a primary inner ear process with no 
evidence of associated systemic immune disease. In 15% 
to 30% of cases, IMIED is associated with systemic auto- 
immune conditions (108). It is a common feature of 


Cogan syndrome, polyarteritis nodosa and relapsing 
polychondritis, and occurs more rarely with Wegener gran- 
ulomatosis, systemic lupus erythematosus, sarcoidosis, 
Behcet disease and Sjogren syndrome (109). Given its asso- 
ciation with various vasculitides, the presumed pathophys- 
iologic mechanism for IMIED is vasculopathic changes to 
the labyrinthine arteries that supply the inner ear. 


Clinical Features 

IMIED typically presents with episodic auditory and vestib- 
ular symptoms. The onset of hearing loss in IMIED is rela- 
tively rapid, occurring over a course of weeks to months, 
distinguishing it from sudden sensorineural hearing loss 
that occurs over hours to days, and from slowly progres- 
sive hearing loss (e.g., presbycusis), which takes months 
to years to evolve. One ear may be affected first, followed 
almost invariably by decreased hearing in the contralat- 
eral ear within weeks to months. Progression to profound 
bilateral sensorineural hearing loss may occur in some 
cases. Vestibular symptoms in IMIED may also fluctuate 
over time, often in concert with fluctuations in hearing. 
Vertigo accompanies hearing loss in IMIED in over 50% 
of cases, while 25% to 50% of patients experience tinnitus 
and aural fullness associated with their hearing loss (108). 

The co-occurrence of hearing loss exacerbations, vertigo, 
tinnitus, and aural fullness can also suggest a diagnosis of 
Méniere’s disease. The principal method for distinguish- 
ing between these two clinical entities is by considering 
the time course of symptoms. In Méniére’s disease, hear- 
ing loss occurs over a period of years rather than the weeks 
to months characteristic of IMIED. Additionally, Méniére’s 
disease is more likely to be unilateral, with progression 
to the contralateral ear occurring in fewer than 50% of 
cases (110). It is critical to distinguish between IMIED 
and Méniére’s disease given that IMIED is more likely 
to respond to the early initiation of aggressive immuno- 
suppressive therapy. The time course of audiovestibular 
symptoms in IMIED can also be similar to neurosyphi- 
lis involving the inner ear (see Chapter 156 for further 
details); serologic testing for treponemal antibodies is criti- 
cal to distinguish between these clinical entities. 

A history of ocular disease in a patient with IMIED 
is a characteristic feature of Behcet disease, Cogan syn- 
drome, relapsing polychondritis, and sarcoidosis. Ocular 
inflammation, however, may not coincide temporally 
with audiovestibular symptoms. Ocular inflammatory 
disease can take the form of conjunctivitis, keratitis (cor- 
neal inflammation), scleritis (inflammation of the white 
outer fibrous layer), uveitis (inflammation of the uveal 
layer—the iris, choroid and ciliary body), or retinal vas- 
culitis. Ocular symptoms for any of these diseases can 
include redness of the eye, blurry vision, photophobia, 
floating spots, or eye pain. Associated clinical symptoms 
help to distinguish between disease entities. Behcet disease 
is typically accompanied by oral and genital ulcers. Cogan 
syndrome is defined as a triad including audiovestibular 
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dysfunction, interstitial keratitis (similar to that seen with 
syphilis) and other forms of ocular inflammation, and 
systemic autoimmune vasculitis. A hallmark symptom of 
relapsing polychondritis is inflammation of the auricular 
cartilages, which manifests as ear erythema, edema, and 
tenderness that spares the ear lobule and external auditory 
canal. Sarcoidosis is an idiopathic granulomatous disease 
associated with hilar lymphadenopathy, arthralgias, and 
erythema nodosum. Neurosarcoidosis refers to granulo- 
matous involvement of the central nervous system (CNS); 
typical features include facial paralysis, visual changes, 
and hearing loss (associated with cranial neuropathies). 
Definitive diagnosis of neurosarcoidosis is made based on 
biopsy; however, given the difficulty of obtaining CNS tis- 
sue ancillary studies such as elevated serum angiotensin- 
converting enzyme levels or calcium levels may suggest the 
diagnosis. A clinical history suggestive of IMIED should 
prompt questioning about associated ocular symptoms. 
There is no pathognomonic serologic test for IMIED; the 
data are perhaps most compelling for the antibody to the 
68 kDa protein. In a cohort of 72 patients with idiopathic, 
progressive, bilateral sensorineural hearing loss, Moscicki 
et al. (111) found significantly higher levels of an antibody 
to a 68 kDa inner ear protein in patients whose hearing 
loss responded to corticosteroid treatment. This inner ear 
protein was initially thought to be heat shock protein-70, 
a biologically plausible hypothesis given the known role 
of heat shock proteins in the immune response (112,113). 
However, this hypothesis was not borne out in subse- 
quent experimental analyses (114,115). More recent work 
has suggested that the antibody to the 68 kDa antigen is 
the Kresge Hearing Research Institute-3 antibody, which 
binds to an antigen on the supporting cells of the Organ 
of Corti and results in outer hair cell depletion and hear- 
ing loss (116,117). Additionally, the 68 kDa antigen itself 
has been identified as likely being the choline transporter- 
like-2 (CTL-2) protein (118). CTL-2 regulates the function 
of choline, which is a constituent of the neurotransmitter 
acetylcholine as well as of the cell membrane component 
phosphatidylcholine and may be required for hair cell sur- 
vival. Knowing if a patient is seropositive for the antibody to 
the 68 kDa antigen is of potential clinical value given stud- 
ies showing the increased effectiveness of steroids in these 
patients (119), although commercial assays for the anti- 
body to the 68kDa protein are not widely available or well 
validated (120). In patients with suspected IMIED based on 
clinical presentation, obtaining an erythrocyte sedimenta- 
tion rate or C-reactive protein may also be helpful to screen 
for a systemic autoimmune disease (121). Other serologic 
tests for IMIED have included the lymphocyte transforma- 
tion test, which targets type II collagen, and the lympho- 
cyte migration inhibition test, although the sensitivity and 
specificity of these tests are low and they are no longer in 
common clinical use. Diagnosing IMIED remains primarily 
based on clinical history, responsiveness to steroid therapy, 
and evidence of associated systemic autoimmune disease. 
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Treatment 

IMIED is a particularly important diagnosis to make 
because it is one of the few causes of bilateral hearing loss or 
vestibulopathy that is potentially reversible. As such, IMIED 
is worth treating aggressively. The mainstay of treatment 
consists of corticosteroids; studies have shown that 60% to 
70% of patients diagnosed with IMIED demonstrate clinical 
improvement following steroid therapy (122,123). If the 
patient does not respond to 2 weeks of steroids, cyclophos- 
phamide or methotrexate may be added to the regimen. If 
patients show no sign of a clinical response to combined 
prednisone and adjunctive therapy after 3 months, therapy 
is discontinued to prevent treatment complications. Studies 
have also evaluated intratympanic application of steroids, 
with mixed results (124,125). The efficacy of corticoste- 
roids in the treatment of IMIED may be derived from their 
glucocorticoid (anti-inflammatory) as well as mineralocor- 
ticoid effects (126). Patients who are refractory to medical 
therapy or who cannot be maintained on corticosteroids 
due to complications may benefit from hearing aids and 
possibly be candidates for cochlear implantation. 


BRIEF EPISODIC EXCITATION OF 
UNILATERAL VESTIBULAR FUNCTION 


Benign Paroxysmal Positional Vertigo 


BPPV is the most common cause of dizziness, accounting 
for around 40% of vertigo complaints from patients (127). 
BPPV may be caused by cupulolithiasis, whereby otoconial 
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debris are lodged in the cupula of the semicircular canals, 
or canalolithiasis, whereby debris are free-floating in the 
semicircular canal endolymphatic fluid. Typical symptoms 
are brief episodes of vertigo lasting less than a minute that 
occur after turning the head; a classic presentation is brief 
vertigo when rolling over in bed. The ectopic otoconia are 
thought to arise from the utricle, possibly following a head 
trauma or an ischemic injury to the inner ear. The posterior 
canal is usually the affected canal. Horizontal canal BPPV 
does occur, typically resulting from a repositioning maneu- 
ver whereby free-floating otoconia have not yet migrated 
back into the utricle as intended. Superior canal BPPV 
occurs, but even more rarely. 

The diagnosis of BPPV is typically made by observing 
nystagmus patterns following the Dix-Hallpike positioning 
maneuver, whereby patients start sitting and are lowered 
to a supine position with the head extended and turned 
45 degrees to the right or left side (Fig. 166.1) (92). The 
right Dix-Hallpike maneuver brings the right posterior canal 
into an earth-vertical plane and will cause any loose oto- 
conia to move in an ampullofugal, or excitatory, direction. 
Interpreting the nystagmus of BPPV is critical to identify- 
ing the affected canal. For the posterior canal, which is nor- 
mally excited by rotating the head up and rolling it toward 
the ipsilateral side, the appropriate nystagmus is compensa- 
tory to this perceived head movement: It has a slow phase 
that is downward and rolling toward the contralateral side. 
The fast phases of the nystagmus will beat upward and roll 
toward the ipsilateral side, which, being toward the ground 
in the Dix-Hallpike position, led to the term, “geotropic.” A 


Figure 166.1 The Dix-Hallpike maneuver for identification of right posterior canal BPPV. The 
patient's head is turned 45 degrees to the right while sitting upright (step 1). Then lowering the 
patient to supine position with the head extended and still to the right (step 2) allows debris in 
the posterior canal to fall to a lower position in the canal. The resulting flow of endolymph away from the 
ampulla causes nystagmus due to deflection of the posterior canal cupula. From Hullar TE, Minor LB. The 
neurotologic examination. In: Jackler RK, Brackmann DE. Neurotology, 2nd ed. St. Louis, MO: 
Mosby, 2004. BPPV, benign paroxysmal positioning vertigo. 


diagnosis of BPPV resulting from canalolithiasis of the pos- 
terior semicircular canal can be made with great clarity based 
upon the latency (2 to 10 seconds), duration (10 to 40 sec- 
onds), direction (upbeating with a torsional geotropic com- 
ponent beating toward the downward ear), and fatigability 
of the nystagmus upon repeated testing. The nystagmus 
with lateral canal BPPV is horizontal and may beat toward 
(geotropic) or away from (ageotropic) the downward ear. It 
often begins with a shorter latency, increases in magnitude 
while maintaining the test position, and is less susceptible to 
fatigue with repetitive testing than the nystagmus observed 
with posterior canal BPPV. If the nystagmus is geotropic, the 
particles are likely to be in the long arm of the lateral canal 
relatively far from the ampulla. If the nystagmus is ageotro- 
pic, the particles could be in the long arm relatively close 
to the ampulla, attached to the cupula, or on the opposite 
side of the cupula either floating within the endolymph or 
embedded in the cupula. This presentation is thus termed 
“cupulolithiasis.” The difficulty in cases of cupulolithiasis 
arises in sorting out which horizontal canal (left or right) 
has the pathologic process because laying 70 degrees back 
toward supine with the head turned to one side will elicit 
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ageotropic nystagmus whether the left or right horizontal 
canal is involved. The side that, when placed down, elicits 
greater symptomatic complaints and nystagmus amplitude 
is likely the provocative ear. These features can also lead to 
the nystagmus of horizontal canal BPPV being confused with 
a positional nystagmus arising from a central abnormality. 

Canal repositioning maneuvers are designed to move 
otoconial particles from the semicircular canals back into 
the vestibule. The most commonly used maneuver to treat 
posterior canal canalolithiasis BPPV was described by 
Epley (128): Patients are first placed in the Dix-Hallpike 
position that provokes their vertigo; the head is then 
rolled 180 degrees in two steps until the affected ear is 
up; and finally the patient is returned to a sitting position 
(Fig. 166.2). Patients may experience a recurrence of their 
symptoms and require repetition of the Epley maneuver at 
home for several weeks. Other repositioning maneuvers, 
including the Semont liberatory maneuver and the Brandt- 
Daroff exercises have also been described for the treatment 
of BPPV that may not respond to the Epley maneuver, and 
specific maneuvers have also been described for the hori- 
zontal canals. 


Figure 166.2 Canalith repositioning maneuver for 
treatment of BPPV affecting the posterior semicircu- 
lar canal. In panel 1, the patient’s head is turned to 
the right at the beginning of the canalith reposition- 
ing maneuver. The inset shows the location of the 
otoconial debris near the ampulla of the posterior 
canal. The diagram of the head in each inset shows 
the orientation from which the labyrinth is viewed. In 
panel 2, the patient is brought into the supine posi- 
tion with the head extended below the level of the 
table, that is, the Dix-Hallpike position as shown in 
Figure 166.1. The debris falls toward the common 
crus as the head is moved backward. In panel 3, the 
head is rotated approximately 90 degrees to the 
left while keeping the neck extended with the head 
below the level of the table. Debris enters the common 
crus as the head is turned toward the contralateral 
side. In panel 4, the patient's head is further rotated 
to the left by 90 degrees, rolling onto the left side 
until the patient's head faces down, and the debris 
begins to enter the vestibule. In panel 5, the patient 
is brought back to the upright position, not turning 
the head until the patient is upright so that debris 
stays in the vestibule. Illustration by David Rini. 
From Hullar TE, Minor LB. Vestibular physiology and 
disorders of the labyrinth. In: Glasscock ME, Gulya AJ, 
eds. Surgery of the ear. 5th ed. Hamilton, ON: People’s 
Medical Publishing House, 2003, Chapter 4. BPPV, 
benign paroxysmal positional vertigo. 
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Canalith repositioning maneuvers have been shown to 
control symptoms in over 90% of BPPV cases. However, a 
small fraction of patients continue to have refractory dis- 
abling vertigo despite multiple repositioning attempts. 
In these patients, surgical treatment may be considered. 
Section of the posterior ampullary nerve, also known as 
singular neurectomy, can be performed by accessing the 
singular nerve deep to the round window niche via a trans- 
canal approach (129). More commonly, posterior semicir- 
cular canal occlusion is performed through a transmastoid 
approach, whereby the canal lumen is blocked, eliminating 
endolymph flow in response to the gravitational pull on 
canaloliths, but also dampening flow for most head move- 
ments that would normally excite the plugged canal (130). 


Superior Canal Dehiscence Syndrome 


In 1998, Minor et al. (131) described that dehiscence of 
bone overlying the superior semicircular canal can result 
in a clinical syndrome with symptoms and signs related to 
vestibular and auditory dysfunction. The vestibular abnor- 
malities include vertigo and oscillopsia induced by loud 
noises or by stimuli that change middle ear or intracranial 
pressure. These patients may exhibit a Tullio phenomenon 
(eye movements induced by loud noises) or Hennebert 
sign (eye movements induced by pressure in the external 
auditory canal). They may also experience chronic disequi- 
librium. The auditory abnormalities include an apparent 
conductive hearing loss (manifested as an air-bone gap 
on audiometry that is not due to middle ear pathology), 
autophony, and pulsatile tinnitus. 

The pathophysiology of SCD can be understood in terms 
of the effects of the dehiscence in creating a “third mobile 
window” into the inner ear, thereby allowing the superior 
canal to respond to sound and pressure stimuli (131). The 
finding that eye movements evoked by sound or by pres- 
sure stimuli are in the same plane as the superior canal of 
the affected ear was important in focusing attention on the 
superior canal as the cause of these abnormalities (131,132). 


Clinical Features 

In a study of 65 patients with SCD, the age range at the 
time of diagnosis was 13 to 70 (median = 41; mean = 43) 
years. The right ear alone was affected in 27 patients and 
the left ear alone in 23 patients; 10 patients had vestibu- 
lar symptoms, signs, and CT findings indicative of bilat- 
eral SCD. Vestibular manifestations were present in 60 
and exclusively auditory manifestations without vestibular 
symptoms or signs were noted in five patients (133). 

The eye movements induced by sound and pressure 
stimuli have an important role in making the diagnosis 
(131,132). These stimuli often lead to nystagmus in SCD 
syndrome. The direction of the slow phase components of 
this nystagmus can be understood based upon the action 
of these sound and pressure stimuli on the affected supe- 
rior canal. Loud sounds, positive pressure in the external 


auditory canal, and the Valsalva maneuver against pinched 
nostrils cause ampullofugal deflection of the cupula in the 
superior canal (Fig. 166.3). The nystagmus that is observed 
with these stimuli has slow phase components that are 
directed upward with torsional motion of the superior 
pole of the eye away from the affected ear. Conversely, 
negative pressure in the external canal, Valsalva against a 
closed glottis, and jugular venous compression can cause 
oppositely directed eye movements with slow phase com- 
ponents directed downward with torsional motion of the 
superior pole of the eye toward the affected ear. 

Auditory symptoms and signs in patients with SCD 
have also been described (134,135). The Weber tuning 
fork test (512 Hz) typically lateralizes to the affected ear. 
Patients can experience symptoms such as hearing their 
pulse or hearing their eye movements, and their own voice 
may be perceived as distorted and too loud, a phenom- 
enon known as autophony (136). An increased sensitivity 
to bone-conducted sounds, due to the low impedance for 
bone-conducted sound to enter the inner ear at the dehis- 
cence, appears to be the mechanism responsible for the 
auditory symptoms in these patients. 

Autophony can also be caused by patulous eustachian tube 
(137). A loss of tissue within the cartilaginous portion of 
the eustachian tube is thought to cause abnormal patency of 
the tube that results in abnormally loud perception of a per- 
son's own voice. The autophony associated with SCD tends 
to be unremitting from the time of onset, whereas autophony 
due to patulous eustachian tube may be more intermittent 
and especially position dependent. A further difference in 
the characteristics of autophony in the two conditions is that 
patulous eustachian tube results in autophony that is equally 
loud for the spoken voice and for breathing sounds, whereas 
autophony in SCD is typically absent for breathing sounds. 
Finally, on otoscopy or tympanometry patients with patulous 
eustachian tube who are experiencing autophony frequently 
will demonstrate excursions of the tympanic membrane syn- 
chronous with nasal breathing when sitting upright, espe- 
cially if the contralateral nostril is closed. 


Diagnostic Tests in Superior Canal Dehiscence 
Syndrome 
Bone conduction thresholds on audiometry in patients 
with SCD can be less than 0 dB hearing level, that is, bet- 
ter than normal. An air—bone gap, therefore, can exist even 
when air conduction thresholds are in the normal range 
(134,135). These patients have heightened sensitivity for 
bone-conducted sounds, a phenomenon known as conduc- 
tive hyperacusis. In many cases air-conduction thresholds 
are also elevated as well due to the loss of air-conducted 
sound energy at the dehiscence. The air-bone gap in 
patients with SCD is typically greatest at the lower frequen- 
cies (250 to 1,000 Hz). 

Distinguishing an air-bone gap on audiometry 
due to SCD from an air-bone gap due to middle ear 
pathology is important in determining the appropriate 
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Figure 166.3 Schematic drawing of pressure changes in the middle and inner ear resulting from 
testing maneuvers in SCD syndrome. A: Sound, positive pressure in the external canal, or Valsalva 
maneuver against pinched nostrils move the stapes inward and result in ampullofugal endolymph 
flow with corresponding outward movement in the area of dehiscence. This results in excitation of 
vestibular-nerve afferents innervating the ampulla. B: Valsalva maneuver against a closed glottis, 
bilateral jugular venous compression, and negative pressure in the external canal result in inward 
movement in the area of dehiscence of the superior canal. Such pressure leads to ampullopetal 
deflection of the cupula and inhibition of the superior canal nerve afferents. Figure reproduced 
from Minor LB, Solomon D, Zinreich JS, et al. Sound-and/or pressure-induced vertigo due to bone 
dehiscence of the superior semicircular canal. Arch Otolaryngol Head Neck Surg 1998;124:249-258, 


with permission. 


treatment options. Patients with an air-bone gap that was 
subsequently shown to be due to SCD but who under- 
went stapes surgery for presumed otosclerosis have been 
reported (134,135,139). Air conduction thresholds did 
not improve in these patients following stapes surgery. The 
acoustic reflex test provides a useful screening test in the 
identification of patients in whom the conductive hear- 
ing loss on audiometry may be due to SCD rather than to 
a middle ear problem such as otosclerosis. True fixation 
of the stapes should abolish the stapedial acoustic reflex 
response, whereas SCD causes conductive hearing loss but 
does not abolish the response. Patients with intact acous- 
tic reflex responses and an air-bone gap on audiometry 
should undergo further investigation for SCD, such as a 
high-resolution CT scan of the temporal bones, before pro- 
ceeding with surgical exploration of the middle ear. 
Patients with SCDS typically have a lowered threshold 
for air-conducted sound to elicit the CVEMP from the ear 
affected by the disorder. They also have larger amplitudes 
for the air-conducted sound cVEMP as well as the ocu- 
lar VEMP response from the affected ear (140-142). The 
“third mobile window” associated with the dehiscence cre- 
ates a low impedance pathway that increases the sensitiv- 
ity of vestibular receptors to sound and pressure stimuli. 
Assessment of air-conducted VEMP responses can be par- 
ticularly useful in the search for the cause of an air-bone 


gap on audiometry. Conductive hearing loss caused by a 
middle ear abnormality typically results in the absence 
of an air-conducted VEMP response in the affected ear 
because the pathology decreases the amount of sound 
energy that is delivered to the inner ear. The presence of 
a VEMP response elicited at an abnormally low threshold 
in the setting of conductive hearing loss provides powerful 
evidence that middle ear mechanisms are not responsible 
for the air—-bone gap. 

High-resolution temporal bone CTI scans have been 
used to identify dehiscence of bone overlying the superior 
canal. Patients with unilateral dehiscence are more likely 
to have thinning of the bone overlying the contralateral 
superior canal, suggesting an underlying developmental or 
congenital abnormality (143,144). Given that the onset of 
symptoms and signs of SCD typically occurs during adult- 
hood, patients may develop the syndrome when an abnor- 
mally thin layer of bone is disrupted by trauma or eroded 
over time by pressure from the overlying temporal lobe. 


Treatment 

Many patients with SCD are not debilitated by the disorder 
and are able to avoid the stimuli that elicit the symptoms 
and signs. These patients may not need any specific treat- 
ment for the disorder. In other patients, symptoms such 
as sound- or pressure-induced vertigo, pulsatile oscillopsia, 
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and chronic disequilibrium may be disabling. Surgical 
repair of SCD is typically performed through the middle 
cranial fossa approach (131), although a transmastoid 
approach has also been described (145). The dehiscent 
superior canal is plugged with fascia and bone, thereby 
obliterating the canal lumen, and the bony middle fossa 
plate is resurfaced with bone cement. In our experience, 
plugging the superior canal has been more effective in 
resolving SCD symptoms than canal resurfacing alone 
(133), and studies have demonstrated closure of the air- 
bone gap and normalization of VEMP responses following 
plugging of a dehiscent superior canal (142,146). 


Chronically Inadequate Vestibular Function 

Chronic loss of vestibular function typically does not pres- 
ent with long-standing vertigo, which is indicative of epi- 
sodic disruption or excitation of vestibular activity. Acoustic 
neuromas, for example, cause a slow progressive decline in 
vestibular function, and patients infrequently present with 
attacks of rotary vertigo. Patients with acoustic neuromas may 
exhibit hyperventilation-induced nystagmus (147), whereby 
patients breathe heavily for 30 breaths or 30 seconds, 
and a nystagmus with the fast phase beating to the side 
of the lesion can be observed. Proposed mechanisms for 
this effect include transiently improving conduction in a 
partially demyelinated nerve leading to a relative gain in 
function. Acoustic neuromas are more fully discussed in 
Chapter 159. 


Bilateral Vestibular Hypofunction 


The most common cause of bilateral vestibular hypofunc- 
tion is exposure to intravenous antibiotics, specifically 
aminoglycosides. As mentioned previously, gentamicin is 
an ototoxic antibiotic that damages type | vestibular hair 
cells (51). Following peak and trough serum gentamicin 
levels as well as cumulative doses may prevent ototoxicity 
in some but not all cases. Ideally patients on gentamicin 
should have daily clinical assessments of their vestibular 
function (using head thrust testing or dynamic visual acu- 
ity) to identify any vestibulotoxicity as soon as possible 
(148), as immediately halting the aminoglycoside may 
preserve some function (Chapter 144). Patients with poor 
renal function or who are receiving concomitant ototoxic 
medications such as loop diuretics are at increased risk of 
vestibular loss. The A1555G mitochondrial mutation has 
also been shown to confer an increased risk of gentamicin- 
induced ototoxicity (149). Other causes of bilateral loss 
of vestibular function include genetic causes, exposure to 
radiation or chemotherapy, autoimmune mechanisms, 
bilateral Ménieére’s disease, and neurofibromatosis-2. 
Oscillopsia, or gaze destabilization with head movement 
and a sense of motion of objects that are stationary, as 
well as poor postural control and gait ataxia, are typical 
symptoms of bilateral vestibular hypofunction. It must 
be emphasized that these patients tend not to experience 


episodic vertigo. Central compensation for chronic periph- 
eral vestibular loss occurs over time in most but not 
all patients receiving vestibular physical therapy (150). 
Because of the poor performance of other ocular reflexes 
(visual following, cervicoocular reflex, optokinetic reflex, 
etc.) at high frequencies, compensation can never fully 
restore visual stability for high acceleration head move- 
ments as may occur with unpredictable perturbations (e.g., 
stepping into a pothole while walking). 

Vestibular rehabilitation, or vestibular physical ther- 
apy, is currently the primary treatment modality for bilat- 
eral vestibular hypofunction (151). The goal of vestibular 
rehabilitation is to foster compensation for vestibular loss 
(152). Patients are given exercises to induce compensation 
via three complementary approaches: adaptation, whereby 
residual vestibular mechanisms are trained to augment 
their level of functioning; substitution, whereby patients 
increase their reliance on other sensory inputs such as 
visual or proprioceptive cues to maintain balance; and 
habituation, whereby individuals learn to decrease their 
sensitivity to provocative stimuli (153). The efficacy of ves- 
tibular rehabilitation in reducing symptoms of vestibular 
dysfunction is supported by strong and consistent evidence 
(Chapter 168) (154). In the future, the multi-channel ves- 
tibular prosthesis currently under development may be 
of significant benefit to patients with bilateral vestibular 
hypofunction who do not have sufficient functional abili- 
ties after vestibular rehabilitation (155). 


m Méniére’s disease is characterized by spontaneous 
attacks of vertigo, fluctuating low-frequency hearing 
loss, aural fullness, and tinnitus. Common labora- 
tory abnormalities include a low-frequency sensori- 
neural hearing loss, SP/AP ratio greater than 0.4 on 
electrocochleography, caloric weakness, and reduced 
VEMP responses. First-line therapy includes salt 
restriction and diuretics. Next, intratympanic steroid 
treatment may be beneficial. Chemical or surgical 
vestibular ablations are options in recalcitrant cases. 

m Migrainous vertigo is a syndrome of episodic ver- 
tigo that lasts for minutes to days, and may or may 
not be associated with classic migraine headaches. 
Associated symptoms frequently include photo- 
phobia, visual motion sensitivity, and nausea. The 
diagnosis is suggested by a history of migraine head- 
aches or a family history of migraine. Two theories 
have been proposed to explain migraine-associated 
vertigo: central electrical disturbances and periph- 
eral trigeminovascular dysfunction. Treatment con- 
sists of avoiding dietary and lifestyle triggers, and 
the use of migraine prophylactic medications. 


m Perilymph fistulas are known to occur following 
stapes surgery, temporal bone trauma, or in the 
presence of a labyrinthine fistula (e.g., secondary to 
cholesteatoma). Patients with a Mondini deformity 
are at increased risk. Both a sensitive diagnostic test 
for perilymph fistula and clear treatment guidelines 
are lacking, but the fistula test (observing for eye 
movements during pressurization of the external 
auditory canal) may be helpful. 

m Vestibular neuritis is a syndrome of vertigo that 
lasts for days, and if there is associated hearing loss 
this is referred to as labyrinthitis. Vestibular neuri- 
tis likely represents a reactivation of a latent her- 
petic infection, usually of the superior vestibular 
nerve, associated with caloric weakness (superior 
nerve test) and preservation of the cVEMP (inferior 
nerve test). Steroids are the mainstay of treatment, 
and vestibular rehabilitation should be offered 
routinely. 

m IMIED is a syndrome of inner ear inflammation 
resulting from autoimmunity. Patients present with 
fluctuating vertigo and hearing loss, often similar 
to Méniére’s disease, though usually bilateral and 
with a faster decline in audiovestibular function in 
IMIED. Cogan syndrome includes IMIED associated 
with ocular inflammation—typically interstitial 
keratitis—and a systemic vasculitis. The presence 
of antibodies to a 68 kDa protein is suggestive of 
IMIED. The mainstay of treatment is initial steroid 
therapy followed by longer-term steroid-sparing 
immunosuppressive agents. 

= BPPV is the most common cause of vertigo. It is due 
to ectopic otoconia free-floating in the endolymph 
(canalolithiasis) or, less commonly, lodged in the 
cupula (cupulolithiasis). The posterior canal is most 
commonly affected. The diagnosis can be made by 
observing an upbeating, geotropic nystagmus in the 
Dix-Hallpike position. The majority of cases resolve 
with canalith repositioning maneuvers such as the 
Epley maneuver. 

= SCD syndrome is characterized by vertigo and oscil- 
lopsia induced by loud noises or stimuli that change 
middle ear or intracranial pressure, owing to a “third 
mobile window” created by the dehiscence. Patients 
may also experience autophony, pulsatile tinni- 
tus, or conductive hyperacusis. Eye movements to 
provocative stimuli are in the plane of the affected 
superior canal. Testing abnormalities include a low- 
frequency air-bone gap on audiometry but with 
intact stapedial reflexes and lowered cVEMP thresh- 
olds and elevated oVEMP amplitudes. The diagnosis 
is made based on high-resolution temporal bone 
CT. Surgical plugging of the dehiscent superior canal 
is the most effective treatment. 
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= Bilateral vestibular hypofunction most commonly 
results from exposure to aminoglycoside antibiot- 
ics. The risk is increased in patients with poor renal 
function or who are using concomitant ototoxic 
medications such as a loop diuretic. Patients typi- 
cally experience oscillopsia and chronic disequilib- 
rium, not vertigo. Vestibular rehabilitation is the 
mainstay of therapy. 


EFERENCES 


21. 


22. 


Schubert MC, Minor LB. Vestibulo-ocular physiology underlying 
vestibular hypofunction. Phys Ther 2004;84(4):373-385. 
Paparella MM, Sajjadi H. Endolymphatic sac enhancement: prin- 
ciples of diagnosis and treatment. Am J Otol 1987;8(4):294-300. 
. Minor LB, Schessel DA, Carey JP. Méniére’s disease. Curr Opin 
Neurol 2004;17(1):9-16. 

Shojaku H, Watanabe Y, Fujisaka M, et al. Epidemiologic charac- 

teristics of definite Méniére’s disease in Japan. A long-term survey 

of Toyama and Niigata prefectures. ORL J Otorhinolaryngol Relat 

Spec 2005;67(5):305-309. 

Cawthorne T, Hewlett AB. Méniére’s disease. Proc R Soc Med 

1954;47:663-670. 

Harris JP, Alexander TH. Current-day prevalence of Méniére’s syn- 

drome. Audiol Neurootol 2010;15(5):318-322. 

Havia M, Kentala E, Pyykko I. Prevalence of Méniére’s disease in 

general population of Southern Finland. Otolaryngol Head Neck 

Surg 2005;133(5):762-768. 

House JW, Doherty JK, Fisher LM, et al. Méniére’s disease: 

prevalence of contralateral ear involvement. Otol Neurotol 

2006;27(3):355-361. 

Monsell EM, Balkany TA, Gates GA, et al. Committee on Hearing 

and Equilibrium guidelines for the diagnosis and evaluation 

of therapy in Méniére’s disease. Otalaryngol Head Neck Surg 
1995,113:181-185. 

. Paparella MM, Mancini F Vestibular Méniére’s 
Otalaryngol Head Neck Surg 1985;93(2):148-151. 

. Silverstein H, Smouha E, Jones R. Natural history vs. surgery for 

Méniére’s disease. Otalaryngol Head Neck Surg 1989;100:6-16. 

Friberg U, Stahle J, Svedberg A. The natural course of Méniére’s 

disease. Acta Otolaryngol Suppl (Stockh) 1984;406:72-77. 

. Stahle J. Advanced Méniére’s disease: a study of 356 severely dis- 
abled patients. Acta Otolaryngol (Stockh) 1976;81:113-119. 

. Lustig LR, Yeagle J, Niparko JK, et al. Cochlear implantation 
in patients with bilateral Méniére’s syndrome. Otol Neurotol 
2003;24(3):397-403. 

. Hallpike CS, Cairns H. Observations on the pathology of 
Méniére’s syndrome. J Laryngol Otol 1938;53:625-655. 

. Schuknecht HF, Igarashi M. Pathophysiology of Méniére’s dis- 
ease. In: Pfaltz CR, ed. Controversial aspects of Méniére’s disease. 
New York: Georg Thieme, 1986. 

. Anatoli-Candela F The histopathology of Méniére’s disease. Acta 
Otolaryngol Suppl (Stockh) 1976;340:5-42. 

. Paparella MM. The cause (multifactorial inheritance) and patho- 
genesis (endolymphatic malabsorption) of Méniére’s disease 
and its symptoms (mechanical and chemical). Acta Otolaryngol 
(Stockh) 1985;99:445. 

. Schuknecht HE Endolymphatic hydrops—can it be controlled. 
Ann Otol Rhinol Laryngol 1986;95(1):36-39. 

. Schuknecht HE. Méniére’s disease: a correlation of symptomatol- 

ogy and pathology. Laryngoscope 1963;73:651-665. 

Thomsen J, Bretlau P. General conclusions. In: Pfaltz CR, ed. 

Controversial aspects of Méniére’s disease. New York: Georg Thiem 

Verlag Stuttgart, 1986. 

Merchant SN, Adams JC, Nadol JB Jr. Pathophysiology of 

Méniére’s syndrome: are symptoms caused by endolymphatic 

hydrops? Otol Neurotol 2005;26(1):74-81. 


disease. 


2714 


23. 


24, 


25: 


26. 


27. 


28. 


29. 


30. 
31. 


32. 


33. 


34. 


35. 


36. 


3: 


38. 


39. 


40. 


Al. 


42. 
43. 


44, 


45. 


46. 


47. 


48. 


Section IX: Otology 


Sass K. Sensitivity and specificiety of transtympanic electro- 
cochleography in Méniére’s disease. Acta Otolaryngol (Stockh) 
1998,118:150-156. 

Adams ME, Heidenreich KD, Kileny PR. Audiovestibular test- 
ing in patients with Méniére’s disease. Otolaryngol Clin North Am 
2010;43(5):995-1009. 

Claes GM, De Valck CE, van de Heyning P, et al. The Méniére’s 
Disease Index: an objective correlate of Méniére’s disease, based 
on audiometric and electrocochleographic data. Otol Neurotol 
2011;32(5):887-892. 

Proctor L, Dix R, Hughes D, et al. Stimulation of the vestibu- 
lar receptor by means of step temperature changes during con- 
tinuous aural irrigation. Acta Otolaryngol (Stockh) 1975;79: 
425-435. 

Aw ST, Haslwanter T, Halmagyi GM, et al. Three dimensional 
vector analysis of the human vestibulo-ocular reflex in response 
to high-acceleration head rotations I. Responses in normal sub- 
jects. J Neurophysiol 1996;76(G6):4009-4020. 

Stahle J, Klockhoff I. Diagnostic procedures, differential diagno- 
sis and general conclusions. In: Pfaltz CR, ed. Controversial aspects 
of Méniere’s disease.New York: George Thieme, 1986:71-86. 

Park HJ, Migliaccio AA, Della Santina CC, et al. Search-coil head- 
thrust and caloric tests in Méniére’s disease. Acta Otolaryngol 
2005;125(8):852-827. 

Black FO, Kitch R. A review of vestibular test results in Méniére’s 
disease. Otolaryngol Clin North Am 1980;13(4):631-642. 
Oosterveld WJ. Méniére’s disease, signs and symptoms. J Laryngol 
Otol 1980;94(8):885-892. 

Martin E, Perez N. Hearing loss after intratympanic genta- 
micin therapy for unilateral Méniére’s disease. Otol Neurotol 
2003;24(5):800-806. 

EnanderA, StahleJ. Hearing loss and caloricresponse in Méniére’s 
disease. A comparative study. Acta Otolaryngol 1969;67(1):57-68. 
Hone SW, Nedzelski J, Chen J. Does intratympanic gentamicin 
treatment for Méniére’s disease cause complete vestibular abla- 
tion? [In Process Citation]. J Otolaryngol 2000;29(2):83-87. 
McCue MP, Guinan JJ Jr. Acoustically responsive fibers in the ves- 
tibular nerve of the cat. J Neurosci 1994;14(10):6058-6070. 
Colebatch JG, Halmagyi GM. Vestibular evoked potentials in 
human neck muscles before and after unilateral vestibular deaf- 
ferentation. Neurology 1992;42:1635-1636. 

de Waele C, Huy PT, Diard JP, et al. Saccular dysfunction in 
Méniére’s disease. Am J Otol 1999;20(2):223-232. 

Murofushi T, Shimizu K, Takegoshi H, et al. Diagnostic value of 
prolonged latencies in the vestibular evoked myogenic potential. 
Arch Otolaryngol Head Neck Surg 2001;127(9):1069-1072. 

Todd NP, Cody FW, Banks JR. A saccular origin of frequency 
tuning in myogenic vestibular evoked potentials?: implications 
for human responses to loud sounds. Hear Res 2000;141(1-2): 
180-188. 

Welgampola MS, Colebatch JG. Characteristics of tone burst- 
evoked myogenic potentials in the sternocleidomastoid muscles. 
Otol Neurotol 2001;22(6):796-802. 

Rauch SD, Zhou G, Kujawa SG, et al. Vestibular evoked myogenic 
potentials show altered tuning in patients with Méniére’s disease. 
Otol Neurotol 2004;25(3):333-338. 

Tumarkin A. The otolithic catastrophe: a new syndrome. Br Med J 
(Clin Res) 1936;2:175-177. 

Baloh RW, Jacobson K, Winder T. Drop attacks with Méniére’s 
syndrome. Ann Neurol 1990;28(3):384-387. 

Timmer FC, Zhou G, Guinan JJ, et al. Vestibular evoked myo- 
genic potential (VEMP) in patients with Méniére’s disease with 
drop attacks. Laryngoscope 2006; 116(5):776-779. 

Lin MY, Timmer FC, Oriel BS, et al. Vestibular evoked myogenic 
potentials (VEMP) can detect asymptomatic saccular hydrops. 
Laryngoscope 2006;116(6):987-992. 

James AL, Burton MJ. Betahistine for Méniére’s disease or syn- 
drome. Cochrane Database Syst Rev 2001;(1):CD001873. 
Boleas-Aguirre MS, Lin FR, la Santina CC, et al. Longitudinal 
results with intratympanic dexamethasone in the treatment of 
Méniére’s disease. Otol Neurotol 2008;29(1):33-38. 

Glasscock ME III, Gulya AJ, Pensak ML, et al. Medical and sur- 
gical management of Méniére’s disease. Am J Otol 1984;5(6): 
536-542. 


49. 


50. 


51. 


D2, 


53. 


54, 


DDe 


56. 


DY: 


58. 


59. 


60. 


6l. 


(2s 


73. 


74, 


75. 


Derebery MJ, Fisher LM, Berliner K, et al. Outcomes of endo- 
lymphatic shunt surgery for Méniére’s disease: comparison with 
intratympanic gentamicin on vertigo control and hearing loss. 
Otol Neurotol 2010;31(4):649-655. 

Pullens B, Giard JL, Verschuur HP, et al. Surgery for Méniére’s dis- 
ease. Cochrane Database Syst Rev 2010;(1):CD005395. 
Lyford-Pike S, Vogelheim C, Chu E, et al. Gentamicin is primarily 
localized in vestibular type I hair cells after intratympanic admin- 
istration. J Assoc Res Otolaryngol 2007;8(4):497-508. 

Chia SH, Gamst AC, Anderson JP, et al. Intratympanic gentami- 
cin therapy for Méniére’s disease: a meta-analysis. Otol Neurotol 
2004;25(4):544-552. 

Wu IC, Minor LB. Long-term hearing outcome in patients receiv- 
ing intratympanic gentamicin for Méniére’s disease. Laryngoscope 
2003; 113(5):815-820. 

Carey JP, Minor LB, Peng GC, et al. Changes in the three- 
dimensional angular vestibulo-ocular reflex following intratym- 
panic gentamicin for Méniére’s disease. J Assoc Res Otolaryngol 
2002;3(4):430-443. 

Hirvonen TP, Minor LB, Hullar TE, et al. Effects of intratympanic 
gentamicin on vestibular afferents and hair cells in the chin- 
chilla. J Neurophysiol 2005;93(2):643-655. 

Kayan A, Hood J. Neuro-otological manifestations of migraine. 
Brain 1984;107:1123-1142. 

Cutrer FM, Baloh RW. Migraine-associated dizziness. Headache 
1992;32:300-304. 

Aragones JM, [ortes-Rego J, Fuste J, et al. Migraine: an alter- 
native in the diagnosis of unclassified vertigo. Headache 
1993;33(3):125-128. 

Parker W. Migraine and the vestibular system in adults. Am J Otol 
1991;12(1):25-34. 

Reploeg MD, Goebel JA. Migraine-associated dizziness: 
patient characteristics and management options. Otol Neurotol 
2002;23(3):364-371. 

Zhao JG, Piccirillo JE, Spitznagel EL Jr, et al. Predictive capabil- 
ity of historical data for diagnosis of dizziness. Otol Neurotol 
2011;32(2):284-290. 

Lanzi G, Balottin U, Fazzi E, et al. Benign paroxysmal vertigo of 
childhood: a long-term follow-up. Cephalgia 1999;14(6):458-460. 
Rassekh CH, Harker LA. The prevalence of migraine in Méniére’s 
disease. Laryngoscope 1992;102:135-138. 

Radtke A, Lempert T, Gresty MA, et al. Migraine and Méniére’s 
disease: is there a link? Neurology 2002;59(11):1700-1704. 
Hadjikhani N, Sanchez Del RM, Wu O, et al. Mechanisms of 
migraine aura revealed by functional MRI in human visual cor- 
tex. Proc Natl Acad Sci U S A 2001;98(8):4687-4692. 

Ophoff RA, Terwindt GM, Vergouwe MN, et al. Familial hemiple- 
gic migraine and episodic ataxia type-2 are caused by mutations 
in the Ca2+ channel gene CACNL1A4. Cell 1996;87(3):543-552. 
Baloh RW. Neurotology of migraine. Headache 1997;37:615-621. 
Bahra A, Matharu MS, Buchel C, et al. Brainstem activation spe- 
cific to migraine headache. Lancet 2001;357(9261):1016-1017. 
Lipkin AE, Jenkins HA, Coker NJ. Migraine and sudden sen- 
sorineural hearing loss. Arch Otolaryngol Head Neck Surg 
1987; 113(3):325-326. 


. Viirre ES, Baloh RW. Migraine as a cause of sudden hearing loss. 


Headache 1996;36(1):24-28. 


. Vass Z, Dai CE, Steyger PS, et al. Co-localization of the vanil- 


loid capsaicin receptor and substance P in sensory nerve fibers 
innervating cochlear and vertebro-basilar arteries. Neuroscience 
2004;124(4):919-927. 

Goadsby PJ, Lipton RB, Ferrari MD. Migraine—current under- 
standing and treatment. N Engl J Med 2002;346(4):257-270. 
Vass Z, Steyger PS, Hordichok AJ, et al. Capsaicin stimulation of 
the cochlea and electric stimulation of the trigeminal ganglion 
mediate vascular permeability in cochlear and vertebro-basilar 
arteries: a potential cause of inner ear dysfunction in headache. 
Neuroscience 2001;103(1):189-201. 

Whitney SL, Wrisley DM, Brown KE, et al. Physical therapy for 
migraine-related vestibulopathy and vestibular dysfunction with 
history of migraine. Laryngoscope 2000; 110(9):1528-1534. 
Wrisley DM, Whitney SL, Furman JM. Vestibular rehabilitation 
outcomes in patients with a history of migraine. Otol Neurotol 
2002;23(4):483-487, 


76. 


78. 


79. 


80. 


81. 


82. 


83. 


84. 


85. 


86. 


87. 


88. 


89. 


90. 


91. 


92. 


23. 


94. 


95. 


96. 


27. 


98. 


99. 


100. 


Strohm M. Trauma of the middle ear. Clinical findings, post- 
mortem observations and results of experimental studies. Adv 
Otorhinolaryngol 1986;35:1-254. 


. Friedland DR, Wackym PA. A critical appraisal of spontaneous 


perilymphatic fistulas of the inner ear. Am J Otol 1999;20(2): 
261-276. 

Hakuba N, Hato N, Shinomori Y, et al. Labyrinthine fistula as 
a late complication of middle ear surgery using the canal wall 
down technique. Otol Neurotol 2002;23(6):832-835. 

Kohut RI, Hinojosa R, Ryu JH. The histologic characteristics 
of the core of the fissula ante fenestram. Acta Otolaryngol Suppl 
(Stockh) 1991;481:158-162 

el Shazly MA, Linthicum FH Jr. Microfissures of the tempo- 
ral bone: do they have any clinical significance? Am J Otol 
1991;12(3):169-171. 

Goodhill V. Sudden deafness and round window rupture. 
Laryngoscope 1971;81:1462-1474. 

Graham JM, Phelps PD, Michaels L. Congenital malformations 
of the ear and cochlear implantation in children: review and 
temporal bone report of common cavity. J Laryngol Otol Suppl 
2000,;25:1-14. 

Arenberg IK, Ackley RS, Ferraro J, et al. ECoG results in peri- 
lymphatic fistula: clinical and experimental studies. Otolaryngol 
Head Neck Surg 1988;99(5):435-443. 

Fitzgerald DC. Perilymphatic fistula and Méniére’s disease. 
Clinical series and literature review. Ann Otol Rhinol Laryngol 
2001;110(5 Pt 1):430-436. 

Black FO, Lilly DJ, Nashner LM, et al. Quantitative diagnos- 
tic test for perilymph fistulas. Otolaryngol Head Neck Surg 
1987;96(2):125-134 

Black FO, Pesznecker S, Norton T, et al. Surgical management 
of perilymphatic fistulas: a Portland experience. Am J Otol 
1992;13(3):254-262. 

Rizer FM, House JW. Perilymph fistulas: the House Ear Clinic 
experience. Otalaryngol Head Neck Surg 1991;104:239-243. 
Shelton C, Simmons FB. Perilymph fistula: the Stanford experi- 
ence. Ann Otol Rhinol Laryngol 1988;97:105-108. 

Poe DS, Bottrill ID. Comparison of endoscopic and surgical 
explorations for perilymphatic fistulas. Am J Otol 1994;15(6): 
735-738. 

Buchman CA, Luxford WM, Hirsch BE, et al. Beta-2 trans- 
ferrin assay in the identification of perilymph. Am J Otol 
1999;20(2):174-178 

Bachmann-Harildstad G, Stenklev NC, Myrvoll E, et al. Beta- 
trace protein as a diagnostic marker for perilymphatic fluid 
fistula: a prospective controlled pilot study to test a sample col- 
lection technique. Otol Neurotol 2011;32(1):7-10. 

Dix MR, Hallpike CS. The pathology, symptomatology and diag- 
nosis of certain common disorders of the vestibular system. Proc 
R Soc Med 1952;45:341-354. 

Ishiyama A, Ishiyama GP, Lopez I, et al. Histopathology of idio- 
pathic chronic recurrent vertigo. Laryngoscope 1996;106(11): 
1340-1346. 

Schuknecht HE, Kitamura K. Second Louis H. Clerf Lecture. 
Vestibular neuritis. Ann Otol Rhinol Laryngol Suppl 1981;90 
(1 Pt 2):1-19. 

Goebel JA, O’Mara W, Gianoli G. Anatomic considerations in 
vestibular neuritis. Otol Neurotol 2001;22(4):512-518. 

Arbusow V, Schulz P, Strupp M, et al. Distribution of herpes 
simplex virus type 1 in human geniculate and vestibular gan- 
glia: implications for vestibular neuritis. Ann Neurol 1999;46(3): 
416-419. 

Corvera J, Davalos RL. Neurotologic evidence of central and 
peripheral involvement in patients with vestibular neuronitis. 
Otolaryngol Head Neck Surg 1985;93(4):524-528. 

Ohyama Y, Yagi T, Ushio K, et al. 3D analysis of nystagmus 
during peripheral vertiginous attacks. Acta Otolaryngol Suppl 
1997,528:77-79. 

Fetter M, Dichgans J. Vestibular neuritis spares the inferior divi- 
sion of the vestibular nerve. Brain 1996;119(3):755-763. 
Murofushi T, Halmagyi GM, Yavor RA, et al. Absent vestibular 
evoked myogenic potentials in vestibular neurolabyrinthitis. 
An indicator of inferior vestibular nerve involvement? Arch 
Otolaryngol Head Neck Surg 1996;122:845-848. 


Chapter 166: Peripheral Vestibular Disorders 
101. 
102. 
103. 
104. 
105. 


106. 
107. 
108. 


109. 


110. 


lil. 


112. 


113. 


114. 


115. 


116. 


117. 


118. 


119. 


120. 


121. 


122. 


123. 


124. 


125; 


2715 


Strupp M, Zingler VC, Arbusow V, et al. Methylprednisolone, 
valacyclovir, or the combination for vestibular neuritis. N Engl J 
Med 2004;351(4):354-361. 

Ma C, Billings P, Harris JP, et al. Characterization of an experi- 
mentally induced inner ear immune response. Laryngoscope 
2000; 110(3 Pt 1):451-456. 

Garcia-Berrocal JR, Ramirez-Camacho R, Trinidad A, et al. 
Controversies and criticisms on designs for experimental autoim- 
mune labyrinthitis. Ann Otol Rhinol Laryngol 2004; 113(5):404-410. 
Solares CA, Edling AE, Johnson JM, et al. Murine autoimmune 
hearing loss mediated by CD4+ T cells specific for inner ear pep- 
tides. J Clin Invest 2004; 113(8):1210-1217. 

Mogi G, Lim DJ, Watanabe N. Immunologic study on the 
inner ear. Immunoglobulins in perilymph. Arch Otolaryngol 
1982;108(5):270-275. 

Yoo TJ, Du X, Kwon SS. Molecular mechanism of autoimmune 
hearing loss. Acta Otolaryngol Suppl 2002;(548):3-9. 

Tomiyama S, Harris JP. The role of the endolymphatic sac in 
inner ear immunity. Acta Otolaryngol 1987;103(3-4):182-188. 
Bovo R, Aimoni C, Martini A. Immune-mediated inner ear dis- 
ease. Acta Otolaryngol 2006;126(10):1012-1021. 

Stone JH, Francis HW. Immune-mediated inner ear disease. Curr 
Opin Rheumatol 2000;12(1):32-40. 

Sajjadi H, Paparella MM. Méniére’s disease. Lancet 2008;372 
(9636):406-414. 

Moscicki RA, San Martin JE, Quintero CH, et al. Serum antibody 
to inner ear proteins in patients with progressive hearing loss. 
Correlation with disease activity and response to corticosteroid 
treatment. JAMA 1994;272(8):611-G616. 

Bloch DB, San Martin JE, Rauch SD, et al. Serum antibodies 
to heat shock protein 70 in sensorineural hearing loss. Arch 
Otolaryngol Head Neck Surg 1995;121(10):1167-1171. 

Billings PB, Keithley EM, Harris JP. Evidence linking the 
68 kilodalton antigen identified in progressive sensorineural 
hearing loss patient sera with heat shock protein 70. Ann Otol 
Rhinol Laryngol 1995;104(3):181-188. 

Trune DR, Kempton JB, Mitchell CR, et al. Failure of elevated 
heat shock protein 70 antibodies to alter cochlear function in 
mice. Hear Res 1998;116(1-2):65-70. 

Yeom K, Gray J, Nair TS, et al. Antibodies to HSP-70 in normal 
donors and autoimmune hearing loss patients. Laryngoscope 
2003; 113(10):1770-1776. 

Disher MJ, Ramakrishnan A, Nair T, et al. Human autoantibod- 
ies and monoclnal antibody KHRI-3 bind to a phylogenetically 
conserved inner-ear-supporting cell antigen. Ann N Y Acad Sci 
1997;830:253-265. 

Nair TS, Raphael Y, Dolan DE et al. Monoclonal antibody 
induced hearing loss. Hear Res 1995;83(1-2):101-113. 

Nair TS, Kozma KE, Hoefling NL, et al. Identification and char- 
acterization of choline transporter-like protein 2, an inner ear 
glycoprotein of 68 and 72 kDa that is the target of antibody- 
induced hearing loss. J Neurosci 2004;24(7):1772-1779. 
Zeitoun H, Beckman JG, Arts HA, et al. Corticosteroid response 
and supporting cell antibody in autoimmune hearing loss. Arch 
Otolaryngol Head Neck Surg 2005;131(8):665-672. 

Ruckenstein MJ. Autoimmune inner ear disease. Curr Opin 
Otolaryngol Head Neck Surg 2004;12(5):426-430. 

Hirose K, Wener MH, Duckert LG. Utility of laboratory testing 
in autoimmune inner ear disease. Laryngoscope 1999;109(11): 
1749-1754. 

Harris JP, Weisman MH, Derebery JM, et al. Treatment of 
corticosteroid-responsive autoimmune inner ear disease 
with methotrexate: a randomized controlled trial. JAMA 
2003;290(14):1875-1883. 

Matteson EL, Fabry DA, Facer GW, et al. Open trial of methotrex- 
ate as treatment for autoimmune hearing loss. Arthritis Rheum 
2001;45(2):146-150. 

Yang GS, Song HT, Keithley EM, et al. Intratympanic immuno- 
suppressives for prevention of immune-mediated sensorineural 
hearing loss. Am J Otol 2000;21(4):499-504. 

Garcia-Berrocal JR, Ibanez A, Rodriguez A, et al. Alternatives 
to systemic steroid therapy for refractory immune-mediated 
inner ear disease: a physiopathologic approach. Eur Arch 
Otorhinolaryngol 2006;263(11):977-982. 


2716 


126. 


127. 


128. 


129. 


130. 


131. 


132. 


133. 


134. 


135. 


136. 


137. 


138. 


139. 


140. 


Section IX: Otology 


Trune DR, Kempton JB, Gross ND. Mineralocorticoid receptor 
mediates glucocorticoid treatment effects in the autoimmune 
mouse ear. Hear Res 2006;212(1-2):22-32. 

Leveque M, Labrousse M, Seidermann L, et al. Surgical therapy 
in intractable benign paroxysmal positional vertigo. Otolaryngol 
Head Neck Surg 2007;136(5):693-698. 

Epley JM. The canalith repositioning procedure: for treatment 
of benign paroxysmal positional vertigo. Otalaryngol Head Neck 
Surg 1992;107:399-404. 

Gacek RR. Transection of the posterior ampullary nerve for the 
relief of benign paroxysmal positional vertigo. Ann Otol Rhinol 
Laryngol 1974;83:596-605. 

Parnes LS, McClure JA. Posterior semicircular canal occlusion 
for intractable benign paroxysmal positional vertigo. Ann Otol 
Rhinol Laryngol 1990;99:330-334. 

Minor LB, Solomon D, Zinreich JS, et al. Sound- and/or pressure- 
induced vertigo due to bone dehiscence of the superior semicir- 
cular canal. Arch Otolaryngol Head Neck Surg 1998;124:249-258. 
Cremer PD, Minor LB, Carey JP, et al. Eye movements in patients 
with superior canal dehiscence syndrome align with the abnor- 
mal canal. Neurology 2000;55(12):1833-1841. 

Minor LB. Clinical manifestations of superior semicircular canal 
dehiscence. Laryngoscope 2005; 115(10):1717-1727. 

Minor LB, Carey JP, Cremer PD, et al. Dehiscence of bone over- 
lying the superior canal as a cause of apparent conductive hear- 
ing loss. Otol Neurotol 2003;24(2):270-278. 

Mikulec AA, McKenna MJ, Ramsey MJ, et al. Superior semicircu- 
lar canal dehiscence presenting as conductive hearing loss with- 
out vertigo. Otol Neurotol 2004;25(2):121-129. 

Minor LB, Cremer PD, Carey JP, et al. Symptoms and signs 
in superior canal dehiscence syndrome. Ann N Y Acad Sci 
2001;942:259-273. 

Grimmer JE, Poe DS. Update on eustachian tube dysfunction 
and the patulous eustachian tube. Curr Opin Otolaryngol Head 
Neck Surg 2005;13(5):277-282. 

Rosowski JJ, Songer JE, Nakajima HH, et al. Clinical, experimen- 
tal, and theoretical investigations of the effect of superior semi- 
circular canal dehiscence on hearing mechanisms. Otol Neurotol 
2004;25(3):323-332. 

Halmagyi GM, Aw ST, McGarvie LA, et al. Superior semicircu- 
lar canal dehiscence simulating otosclerosis. J Laryngol Otol 
2003; 117(7):553-557. 

Brantberg K, Bergenius J, Tribukait A. Vestibular-evoked myo- 
genic potentials in patients with dehiscence of the superior 
semicircular canal. Acta Otolaryngol 1999; 119(6):633-640. 


141. 


142. 


143. 


144, 


145. 


146. 


147. 


148. 


149. 


150. 


151. 


152. 


153: 


154. 


155. 


Streubel SO, Cremer PD, Carey JP, et al. Vestibular-evoked 
myogenic potentials in the diagnosis of superior canal dehiscence 
syndrome. Acta Otolaryngol Suppl 2001;545:41-49. 

Welgampola MS, Myrie OA, Minor LB, et al. Vestibular-evoked 
myogenic potential thresholds normalize on plugging superior 
canal dehiscence. Neurology 2008;70(6):464-472. 

Hirvonen TP, Weg N, Zinreich SJ, et al. High-resolution CT find- 
ings suggest a developmental abnormality underlying supe- 
rior canal dehiscence syndrome. Acta Otolaryngol 2003;123(4): 
477-481. 

Carey JP, Minor LB, Nager GI. Dehiscence or thinning of 
bone overlying the superior semicircular canal in a temporal 
bone survey. Arch Otolaryngol Head Neck Surg 2000;126(2): 
137-147. 

Deschenes GR, Hsu DP, Megerian CA. Outpatient repair of 
superior semicircular canal dehiscence via the transmastoid 
approach. Laryngoscope 2009; 119(9):1765-1769. 

Limb CJ, Carey JP, Srireddy S, et al. Auditory function in patients 
with surgically treated superior semicircular canal dehiscence. 
Otol Neurotol 2006;27(7):969-980. 

Minor LB, Haslwanter T, Straumann D, et al. Hyperventilation- 
induced nystagmus in patients with vestibular schwannoma. 
Neurology 1999;53(9):2158-2168. 

Halmagyi GM, Fattore CM, Curthoys IS, et al. Gentamicin ves- 
tibulotoxicity. Otalaryngol Head Neck Surg 1994;111:571-574. 
Tang HY, Hutcheson E, Neill S, et al. Genetic susceptibility to 
aminoglycoside ototoxicity: how many are at risk? Genet Med 
2002;4(5):336-345. 

Gillespie MB, Minor LB. Prognosis in bilateral vestibular hypo- 
function. Laryngoscope 1999;109(1):35-41. 

Herdman SJ, Whitney SL. Interventions for the patient with 
vestibular hypofunction. Vestibular rehabilitation, 3rd_ ed. 
Philadelphia, PA: EA. Davis Company, 2007:309-337. 

Schubert MC, Migliaccio AA, Clendaniel RA, et al. Mechanism 
of dynamic visual acuity recovery with vestibular rehabilitation. 
Arch Phys Med Rehabil 2008;89(3):500-507. 

Herdman SJ. Role of vestibular adaptation in vestibular rehabili- 
tation. Otalaryngol Head Neck Surg 1998;119:49-54. 

Hillier SL, Hollohan V. Vestibular rehabilitation for unilateral 
peripheral vestibular dysfunction. Cochrane Database Syst Rev 
2007;(4):CD005397. 

Della Santina CC, Migliaccio AA, Hayden R, et al. Current 
and future management of bilateral loss of vestibular sensa- 
tion—an update on the Johns Hopkins Multichannel Vestibular 
Prosthesis Project. Cochlear Implants Int 2010;11(Suppl 2):2-11. 


Central Vestibular 
Disorders 


Gail Ishiyama 


A 48-year-old male has a 5- or 6-year history of gradually 
worsening gait disorder. He has had occasionally bouts of 
positional nystagmus that were called “benign positional 
vertigo.” However, the modified Epley maneuver failed to 
resolve the positional nystagmus. He has noted increasing 
difficulty when walking, and recently he noted a clumsi- 
ness of his hands and arms. On examination, he has a 
downbeat nystagmus that is noted when looking down or 
to either side, and he has a saccadic pursuit. Coordination 
testing reveals dysdiadochokinesis and dysmetria of his 
extremities. He is unable to tandem walk and cannot stand 
in the Romberg position with eyes open or closed. A mag- 
netic resonance imaging (MRI) demonstrates atrophy of 
the cerebellar vermis. 

A 64-year-old woman has a history of the sudden onset 
of spontaneous vertigo with a persistent tilting of the body 
to the left as if pulled by a strong external force. She was 
completely unable to walk at the onset. She has a Horner's 
in the left pupil, large (hypermetric) saccades toward the 
left, and smaller (hypometric) saccades toward the right. 
She also had a skew deviation of the eyes with the left eye 
lower than the right and the upper poles rotated to the 
left. An MRI with diffusion-weighted imaging (DWI) was 
negative. 

Both of these patients exhibit signs and symptoms of a 
central vestibular disorder. In this chapter, we discuss ways 
to distinguish central from peripheral vestibular disorders, 
the presentation of the common central vestibular disor- 
ders, the evaluation of a patient with dizziness, that is, the 
clinical examination, important questions to ask on history, 
and the audiologic and vestibular testing results in central 
vestibular disorders. In both patients, there are other neu- 
rologic symptoms noted in addition to the vertigo. Patient 
1 has difficulty walking even when not having vertigo, and 
clumsiness of the extremities. Dysdiadochokinesis and 
dysmetria are cerebellar signs described below under cer- 
ebellar degeneration. Patient 2 has lateropulsion of the 
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body (a sense of being pulled toward one side) and of the 
eye movements (bigger movements toward one side) asso- 
ciated with the vertigo. 

From the history alone, there should be suspicion that 
these are not peripheral disorders. Patient 1 had been mis- 
diagnosed with benign positional vertigo (BPV) on initial 
presentation, and patient 2 had been misdiagnosed with 
vestibular neuritis. Patient 1 had a history of cerebel- 
lar ataxia, and patient 2 had a history of a Wallenberg 
stroke. The negative MRI in a Wallenberg stroke may occur 
because the size of the stroke is too small to be detected. In 
central vestibular disorders, the inability to walk is often- 
times severe and cerebellar imbalance is often described 
as “clumsiness” or a “drunken feeling.” The following 
chapter reviews the central and vestibular anatomy briefly, 
describes the specialized portions of the examination and 
history pertinent to evaluation of central vestibular dis- 
orders, and reviews the most common central vestibular 
disorders that may present to the otolaryngologist with 
complaints of dizziness. 


The peripheral vestibular system refers to the labyrinthine 
organs of the inner ear, which includes the end organs 
of the semicircular canals (cristae ampullares) and of the 
utricle and saccule (maculae) that contain the hair cells, 
and the innervating primary afferent neuron and nerve 
(Scarpa ganglia). The central vestibular system refers to the 
secondary vestibular neurons and their projections. The 
secondary neurons are the vestibular nuclei in the brain- 
stem, divided into the superior (angular or Bechterew), the 
lateral (Deiters), the medial, and the descending (inferior 
or spinal) (1). In primates, the vestibulocerebellar and 
vestibuloocular connections are relatively more promi- 
nent in comparison with vestibulospinal connections. The 
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vestibular nuclei play a large role in central compensation 
after a peripheral labyrinthine injury. 

Vertigo that is characterized by the sense of movement 
of the environment can result from lesions of the laby- 
rinth, the vestibular nerve, or the interconnecting vestibu- 
lar pathways in the brainstem and cerebellum. Vertigo is 
an illusion of movement, often of rotation, although the 
movement may be described as that of linear displace- 
ment (back and forth vertigo). Lesions of the labyrinth, 
the vestibular nerve, the vestibular nuclei, and the visual- 
vestibular interaction centers in the brainstem and cerebel- 
lum can produce a spontaneous vestibular nystagmus and 
vertigo. The production of spontaneous nystagmus requires 
an imbalance of tonic activity of the vestibuloocular 
pathways. 

A lesion of the left vestibular labyrinth or nerve will 
produce a right-beating nystagmus with a torsional com- 
ponent. In lesions of the vestibular nuclei, the direction 
of spontaneous nystagmus that results is not as predict- 
able and may be toward or away from the side of the 
lesion. Functional brain imaging demonstrates evidence 
for vestibular projections to the parietotemporal cortex 
and the thalamus in both normative controls and sub- 
jects with peripheral and central vestibular disorders (2). 
Because these vestibulo-thalamo-cortical projections do 
not carry tonic signals, a lesion in these cortical (within 
the brain) pathways will not produce vertigo but can pro- 
duce an alteration of the body orientation (e.g., a sense 
of tilt or tendency to fall). 

History of the dizzy patient: differentiating between a 
central versus peripheral cause of vertigo (Table 167.1). 
It is important for the clinician to distinguish the symp- 
toms that the patient refers to as “dizziness.” This distinc- 
tion can be a clinical decision of critical importance. In 
evaluation of the patient with dizziness, the clinician must 
obtain as accurate and thorough of a history as possible 
to aid in distinguishing probable peripheral versus central 
causes. Dizziness may refer to a light-headedness that feels 
as if nearly passing out, near faint dizziness. Typical causes 
include orthostatic hypotension or cardiac insufficiency, 
for example, aortic stenosis. Oftentimes, dizziness due to 
cardiac disease will worsen with exertion, and is not char- 
acterized by vertigo. When the patient describes a sense of 


TA 


Nausea Ability Hearing 
and Vomiting to Walk Loss 
Peripheral Severe Unsteadiness but Common 
able to walk 
Central Moderate Nearly incapable Rare except 


of walking 


AICA infarct 


movement of the environment, the symptom of vertigo, it 
is strongly suggestive of an imbalance within the vestibu- 
lar system. Vertigo can occur due to either a peripheral or 
a central vestibular lesion. Typically, vertigo is an episodic 
phenomenon, whereas a nonvestibular dizziness is more 
likely to be a continuous nonspecific type of dizziness. 
Episodes that occur only in specific places, such as walk- 
ing through the store aisles, are highly unlikely to be ves- 
tibular, and are more likely related to anxiety syndromes 
or to a migraine-associated sensitivity to visual stimuli. 
Gait imbalance is often described as “dizziness,” and the 
differential can include peripheral or central vestibular 
disorders, as well as neurodegenerative conditions such as 
Parkinson disease or spinal stenosis. 

Peripheral and central spontaneous nystagmus 
(Table 167.2). Spontaneous nystagmus occurs when there 
is an imbalance of the tonic firing and signals to the ocu- 
lomotor neurons. Spontaneous nystagmus is in reference 
to a nystagmus that occurs with the eyes in primary posi- 
tion, without any external stimuli. The primary position is 
the eyes looking forward in midposition, and the patient 
in the seated position. Positional nystagmus is nystagmus 
that is not present in the sitting position but is present in 
other head or body (eg., head-hanging) position. Both 
spontaneous and positional nystagmus can occur second- 
ary to either peripheral or central vestibular disorders. 

The type of nystagmus can oftentimes localize the lesion. The 
vestibular system, both peripheral and central, is the pri- 
mary source of tonic signals for most types of spontaneous 
nystagmus. A peripheral vestibular lesion, a lesion of the 
labyrinth or vestibular nerve, results in a spontaneous nys- 
tagmus with combined torsional, horizontal, and vertical 
components with predominantly a horizontal component. 
A lesion of the vestibular nucleus can cause a horizontal 
torsional nystagmus that appears similar to a peripheral 
nystagmus. However, the direction does not indicate the 
side of the lesion, and the nystagmus is not suppressed 
with fixation because of the damage to the visual- 
vestibular pathways (3). 

Spontaneous peripheral nystagmus. Whether the lesion is 
of the labyrinth or the vestibular nerve, the type of nystag- 
mus is invariable: horizontal, torsional beating toward the 
contralateral side, increasing in frequency and amplitude 
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DISTINGUISHING CHARACTERISTICS OF PERIPHERAL VERSUS CENTRAL NYSTAGMUS 


Type Effect Effect of Eye Positional Other Abnormalities 
of Nystagmus_ of Fixation Position Nystagmus on Testing 
Peripheral: Labyrinth Horizontal and Inhibited by — Follows Alexander law Latency, fatigues, May be associated with 
or vestibular nerve torsional fixation torsional upbeat asymmetry of caloric 
nystagmus, <1 min response or 
of the VOR 
Central: Brainstem Can be pure Unaffected May be unidirectional, No latency, doesnot Often associated with 
or cerebellum or vertical, by fixation but if direction- fatigue, oftentimes abnormalities of 


horizontal, or 
pure torsional 


interconnections 
central 


on gaze to the fast component side, inhibited by fixation. 
A peripheral nystagmus is inhibited by fixation because the 
suppression requires an intact brainstem and cerebellum. 
The clinician should check that the nystagmus follows 
Alexander law: gaze in the direction of the fast component 
will increase the frequency and amplitude in a peripheral 
nystagmus, whereas gaze in the opposite direction will 
cause a decrease in the nystagmus (4). A peripheral nystag- 
mus does not change direction with changes in eye posi- 
tion or with changes in the head or body position. 

Spontaneous central nystagmus. The appearance of a cen- 
tral nystagmus can vary depending on the location of the 
lesion. Usually a central nystagmus will be prominent with 
or without fixation. Central spontaneous nystagmus occurs 
when there is an imbalance of the central vestibuloocu- 
lar (VOR) or smooth pursuit pathways. In contrast to the 
peripheral vestibular pathways, the central horizontal and 
vertical pathways are separate, and thus a purely vertical 
or purely horizontal nystagmus is common in a central 
vestibular disorder. A central spontaneous nystagmus can 
be purely vertical, purely horizontal, or purely torsional, 
or some combination. Similarly to a peripheral nystagmus, 
gaze in the direction of the fast component may increase 
the amplitude and frequency of the nystagmus. However, 
gaze in the opposite direction will often cause a change in 
direction of a central vestibular nystagmus. A null region 
may be found several degrees off of the center beyond 
which the direction of the nystagmus changes. A direc- 
tion-changing nystagmus is always central. An apparent 
direction-changing nystagmus can occur in one peripheral 
entity: horizontal variant of benign paroxysmal positional 
vertigo (5). 

Positional nystagmus, central and peripheral disorders. A 
nystagmus that is triggered by a change in position can be 
either peripheral or central in etiology. BPV, a peripheral 
vestibular disorder due to loose otoliths, is by far the most 
common cause of recurrent attacks of positional vertigo. 
However, a positional nystagmus and vertigo can be due 
to a central vestibular finding. Common patterns of central 


changing is always 


downbeat or rever- 
sal of direction 


smooth pursuit, 
optokinetic nystagmus 
OKN, or saccades 


positional nystagmus include a persistent downbeat nys- 
tagmus, or a horizontal direction-changing nystagmus. 
The patterns of nystagmus can appear similar to an ante- 
rior canal BPV, or a horizontal canal variant BPV, respec- 
tively. The common central disorders that present with a 
positional nystagmus that can mimic anterior (downbeat) 
or horizontal (direction-changing horizontal) nystagmus 
include Chiari malformation, tumors of the cerebellum or 
around the fourth ventricle, or spinocerebellar ataxia neu- 
rodegenerative conditions. There are no central vestibular 
disorders that induce a nystagmus that is characteristic of 
the classic and most common BPV, posterior canal BPV: 
a burst of upbeat, torsional geotropic nystagmus with a 
duration usually less than 30 seconds, and always less than 
1 minute. 


EXAMINATION OF EYE MOVEMENTS 
IN CENTRAL VESTIBULAR DISORDERS 


The patient should be observed in all eye positions for 
nystagmus (a total of eight positions): gaze 30 degrees to 
the left and then 30 degrees to the right, and thereafter 
on upgaze and downgaze to the left, to the right, and at 
midline, with each position held for at least 20 seconds. 
Traditional terms used by otolaryngologists include the 
following: First degree nystagmus is present only on gaze in 
the direction of the fast component. Second degree nystag- 
mus is present in the primary position (midposition, look- 
ing straight ahead). Third degree nystagmus is present even 
on gaze away from the fast component. These terms are 
most applicable to peripheral nystagmus patterns, and may 
not be relevant in central vestibular nystagmus. A periph- 
eral nystagmus should not change direction with any posi- 
tional change of the body or of the eyes. 

Smooth pursuit, both horizontal and vertical, should be 
evaluated by having the patient follow the clinician’s pen 
or finger. The patient should be able to follow the target 
smoothly, without repeated “stops” that would be indic- 
ative of a “saccadic pursuit.” If the eyes follow the target 
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using a series of saccades rather than smoothly, then the 
central oculomotor pathway is unable to generate asmooth 
pursuit and is dysfunctional. A saccadic pursuit is nonspe- 
cific and can occur with normal aging, and is common in 
disorders such as multiple sclerosis (MS), Parkinson dis- 
ease, or other neurodegenerative disorders. A severely sac- 
cadic pursuit may be seen in cerebellar conditions as in 
the 48-year-old patient initially described. Saccadic pursuit 
suggests central pathology. 

Saccades. Saccadic eye movements are examined by 
asking the patient to fixate alternately between two fixed 
targets. The first target is usually in the primary position, 
“Look at my nose.” Then, the patient is asked to look 
quickly to a target placed 15 degrees to the right, “Quickly 
look to my pen,” and then placed 15 degrees to the left. 
Saccades that repeated “overshoot,” for example, when 
attempting to look at a target on the right, the patient 
saccades further to the right, or “undershoot” is a sign of 
central vestibuloocular motor dysfunction (hypermetric 
or hypometric saccades, respectively), that usually localize 
to cerebellar or cerebellar peduncle lesions. Slow saccades 
may indicate a brainstem lesion, and delayed saccades can 
be seen in cerebral hemispheric lesions. 

Saccadic intrusions include square wave jerks, ocular 
flutter, and opsoclonus. Saccadic intrusions occur when 
unwanted saccades disrupt steady fixation. A differential 
of these entities is beyond the scope of this chapter. All of 
these entities are associated with central vestibular pathol- 
ogy, and would warrant referral to a neurologic specialist. 
These entities are common with cerebellar lesions, progres- 
sive supranuclear palsy, Huntington disease, Friedreich 
ataxia, or paraneoplastic syndromes. 

Ocular tilt reaction. If a normal subject tilts the head 
toward the right, then the eyes will reflexively counterroll 
and skew to allow for visual stabilization. Traditionally, 
a skew deviation, which clinically is described as a dip- 
lopia with two images split both slightly horizontally, 
and vertically, was considered to be a central finding. 
However, the ocular tilt reaction is a labyrinthine reflex, 
and can be seen by stimulation of the contralateral 
utricular nerve (G6). The ocular tilt reaction can be seen 
in peripheral labyrinthine lesions (7), in which case the 
head tilt and lower eye are toward the ipsilateral lesion. 
An ocular tilt reaction can also be seen in lateral medul- 
lary infarcts (Wallenberg syndrome) (8), in which case 
it is also toward the ipsilateral side. In mesencephalic 
lesions (of the midbrain), the tilt is toward the contra- 
lateral side. Skew deviation and the ocular tilt reaction 
are noted following ablative procedures of the vestibular 
periphery (labyrinthectomy or vestibular nerve section) 
and in association with idiopathic sudden unilateral 
peripheral vestibular or cochleovestibular loss (9). This 
also can occur following resection of acoustic neuroma, 
another form of acute deafferentation. The skew devia- 
tion is often the earliest to compensate, disappearing 
within a few days. 


Positional nystagmus. The patient should be evaluated 
for nystagmus in the head-hanging right and left (Dix- 
Hallpike maneuver). In BPV, the nystagmus fatigues, has 
a few seconds or more of latency, and will be a torsional 
upbeat nystagmus if the particles fell into the posterior 
semicircular canal. Positioning in a central positional nys- 
tagmus may induce a downbeat nystagmus that persists 
as long as the head-hanging position is held. Other cen- 
tral nystagmus include a direction-changing nystagmus 
or rebound nystagmus. Two positional maneuvers can be 
conducted. The Dix-Hallpike maneuver is conducted by 
placing the patient in right or left head-hanging position 
very quickly. In the side-lying test, the patient moves slowly 
into the side-lying position and then the clinician evalu- 
ates for a slow persistent nystagmus that would be indica- 
tive of a central vestibular disorder. 

Fixation suppression means that the removal of abil- 
ity to focus, as with Frenzel glasses, is associated with an 
increasing of the nystagmus. A peripheral nystagmus is 
usually inhibited by fixation. If Frenzel glasses are not 
available, the clinician can observe the nystagmus using 
an ophthalmoscope and covering the patient’s other eye. If 
the nystagmus increases, then the nystagmus was inhibited 
by fixation, a characteristic of peripheral nystagmus. 

Vibration-induced nystagmus. The other maneuver that can 
be used in the clinical setting is application of vibration to the 
mastoid, which can elicit a peripheral nystagmus in a com- 
pensated peripheral vestibulopathy from vestibular neuritis, 
Ménieére disease, or anterior semicircular canal dehiscence 
(using vibration over the suboccipital cranium) (10,11). 

Head-shaking nystagmus. The clinician should examine 
for head-shaking induced nystagmus. In this maneuver, 
the patient is asked to turn the head quickly from right to 
left about 20 times at 2 to 3 Hz, and the eye movements 
are then examined, ideally with the suppression of fixation 
using Frenzel lenses. Head shaking nystagmus indicates a 
latent asymmetry of the velocity-storage that can be due to 
a peripheral or a central vestibular disorder. In peripheral 
disorders, the nystagmus induced will be of the peripheral 
type: horizontal with a torsional component. In central dis- 
orders, the nystagmus induced can be vertical, downbeating 
or upbeating, or can be horizontal. In a study of 16 patients 
with lateral medullary infarction (vestibular nuclei infarc- 
tion), a central vestibular disorder, head-shaking nystagmus 
was observed in 87.5%, and was ipsilesional in all cases. 
Even in patients with a contralesional nystagmus sponta- 
neously, the head-shaking nystagmus was ipsilesional (12). 

Spontaneous downbeat nystagmus. A downbeat nystagmus 
has a fast phase beating vertically downward and typically 
will increase in vertical amplitude with horizontal gaze 
deviation (13). A downbeat nystagmus is always a central 
vestibular nystagmus. Lesions of the uvula and flocculo- 
nodular lobes of the cerebellum in the monkey will induce 
a downbeat nystagmus (14). In humans, a downbeat nys- 
tagmus often localizes to the cervicomedullary junction, 
including the midline cerebellum (vermis) and associated 


pathologies include cerebellar ataxias, vertebrobasilar 
ischemia (VBI), MS, and Arnold-Chiari (AC) malforma- 
tion (15). AC is a malformation associated with increased 
pressure on the flocculonodular region of the cerebellum 
(see Arnold-Chiari malformation). Decompression surgery 
may allow for reversal to normal (13). 

Other types of central vestibular nystagmus. Other patho- 
logic nystagmus patterns include gaze-evoked nystagmus, 
which is seen when the patient tries to move eyes away 
from primary (midline) position. In normal subjects, a 
nystagmus can be seen at the outermost peripheral posi- 
tions of gaze. This normal physiologic variant is termed, 
“end-point nystagmus” and is normal. Typically, physi- 
ologic gaze-evoked nystagmus can be distinguished from 
pathologic forms in that it has lesser amplitude and fre- 
quency, is unsustained, is relatively symmetrical, and is not 
associated with any other ocular movement abnormalities. 

However, it has been noted that a gaze-evoked nystag- 
mus can be seen in up to 50% of the normal population 
(16). Furthermore, a recent study evaluating 56 subjects 
for gaze-evoked nystagmus reported that normal subjects 
have a high incidence of physiologic gaze-evoked nystag- 
mus at even smaller angles of gaze: 93% at extreme gaze, 
73% at 40 degrees, 43% at 30 degrees, and even at the low- 
est angle tested 21% at 10 degrees (17). In the clinical set- 
ting, the most common cause of a pathologic gaze-evoked 
nystagmus is drugs such as phenobarbital, phenytoin, alco- 
hol, and benzodiazepines. Central vestibular pathologies 
associated with a gaze-evoked nystagmus include MS and 
cerebellar atrophy, and these diseases would usually be 
associated with other eye movement abnormalities. 

Rebound nystagmus. Rebound nystagmus is a type of gaze- 
evoked nystagmus that disappears or reverses as the lateral 
gaze is held. After an attempted prolonged eccentric gaze of 
20 or 30 seconds, upon returning to the primary position, 
a rebound nystagmus appears with the fast phase toward 
the center and the slow phase toward the side of attempted 
gaze-holding. Rebound nystagmus usually indicates cerebel- 
lar pathology, such as olivopontocerebellar atrophy (18). 
Tumors at the cerebellopontine angle, such as acoustic neu- 
romas, may cause a Bruns’ nystagmus. This presents with a 
low-frequency, large amplitude nystagmus when looking 
ipsilaterally, and a high-frequency, low amplitude nystagmus 
when looking contralaterally. In a study of 984 patients with 
acoustic neuroma, Bruns’ nystagmus was present in 11% and 
was associated with larger tumor size, with 92% of patients 
with larger than 3.5 cm tumor having Bruns nystagmus (19). 


OTHER FOCAL NEUROLOGIC 
EXAMINATION FINDINGS IN CENTRAL 
VESTIBULAR DISORDERS 


1. As noted above, a careful examination of eye move- 
ments is important. 

2. Examine the patient for head tilt (seen ipsilateral to 
a Wallenberg infarct) and the body for lateropulsion 
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(also seen in central vestibular disorders, such as 
ipsilateral to a Wallenberg infarct). The lateropulsion 
may be so severe that the patient is unable to stand, 
which would usually be an indication of a central 
vestibular disorder. There may be concomitant latero- 
pulsion of the eyes, with larger saccades toward the ipsi- 
lateral lesioned side in Wallenberg syndrome (20). 


. Facial weakness (CN VII): a peripheral weakness will 


include the upper and lower facial muscles, whereas 
a central weakness will spare the upper facial muscles 
(i.e, raising the eyebrows). Of note, both a periph- 
eral and a central type of facial weakness can occur in 
association with a Wallenberg dorsolateral medullary 
stroke. 


. Facial sensory loss (CN V): the clinician should check 


the upper (V1), mid (V2), and lower chin area (V3) for 
light touch using a cotton wisp, and temperature sen- 
sation using a cold tuning fork (can be cooled under 
water). Avoid the angle of the jaw as it is innervated by 
upper cervical roots. Although some clinicians recom- 
mend pinprick testing, patients may find it unpleasant. 
Initial examination with a cotton wisp and cold tun- 
ing fork serves as a screening evaluation for additional 
methods of physical examination. The clinician can also 
check the corneal reflex which tests V1 (afferent) and 
VII (efferent). Ask the patient to look up and toward 
the opposite side and using a cotton wisp, lightly touch 
the cornea. This should elicit a blink response, which 
should be consensual. An absent corneal reflex supple- 
ments the findings of a trigeminal sensory deficit. 


. Visual fields testing the temporal and nasal upper, mid- 


dle, and lower quadrants of each eye. Most infarcts in 
the posterior cerebral artery distribution will cause a 
visual field deficit. 


. Crossed sensory loss: a key indication for brainstem 


involvement, for example, facial sensory loss on the 
side ipsilateral to the infarct and extremity sensory 
loss on the contralateral side. A crossed sensory loss 
often localizes the insult to the dorsolateral medullary 
(Wallenberg infarct), and can be variably associated 
with vertigo, ipsilateral Horner’s, hiccoughs, and dysar- 
thria and dysphagia. 


. Horner syndrome consists of miosis (pupillary con- 


striction) and ptosis, secondary to loss of sympathetic 
innervation. The difference in pupil size is termed 
anisocoria. The clinician should evaluate the patient 
in relative darkness since the abnormal miotic (small) 
pupil cannot dilate properly in a low light setting. In the 
Wallenberg syndrome, the Horner syndrome is ipsilat- 
eral to the infarct. Because the sympathetic pathway in 
the brainstem is close to the spinothalamic tract (pain 
and temperature) for the contralateral body, Horner 
syndrome due to brainstem lesions is often associated 
with contralateral loss of pain and temperature. 


. Head thrust test or Halmagyi maneuver (21): when 


positive, patients will have catch-up saccade because 
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they are unable to keep their eyes on the clinician’s 
nose when the head is rapidly, passively turned to 
the side with the lesion. In bilateral vestibulopathy 
(e.g., gentamicin ototoxicity), the test will reveal catch- 
up saccades to both sides. In a right-sided vestibular 
neuritis, there may be a catch-up saccade when the head 
is turned passively by the clinician to the patient's right 
side. 

9. Romberg: ask the patient to stand with the feet together 
with eyes open and eyes closed. A positive Romberg 
occurs when the patient's imbalance significantly 
increases with eye closure. The accentuation of imbal- 
ance with eye closure is a sign of either vestibular 
imbalance or proprioceptive loss. A patient with a cen- 
tral vestibular disorder such as a cerebellar stroke will 
likely be unable to stand in the Romberg position (feet 
together) and will be unsteady whether the eyes are 
open or closed. Strictly speaking, the inability to stand 
with the feet together (Romberg position) with the 
eyes open, as well as closed, is not a positive Romberg. 

10. Always ask the patient to try to walk. Patients with lat- 
eropulsion will lean strongly toward one side (usually 
toward the lesion). Severe lateropulsion that interferes 
with walking or standing is usually a sign of central 
vestibular disorder. 

11. Tandem walk: when performed with the eyes open, 
tandem walking is predominantly a test of cerebellar 
function. Vision and proprioceptive (position sense) 
will allow for a relatively normal tandem walk in a 
compensated peripheral vestibular loss (e.g., vestibu- 
lar neuritis in the past). An acute vestibular lesion will 
usually impair the tandem walk, even with eyes open. 
Patients with cerebellar lesions will oftentimes have a 
wide-based gait and are unable to tandem walk even 
taking a single step. 

12. Testing for coordination (cerebellar or central vestibu- 
lar pathways) and other clinical manifestations of cer- 
ebellar dysfunction. 

a) Hypotonia: a diminished deep tendon reflex, often- 
times more prominent in the upper extremities or 
a “pendular” reflex. After tapping the patella, the 
patient's leg swings to and fro like a pendulum. This 
sign is indicative of large cerebellar hemispheric 
damage. 

b) Dysarthria: a slurring of the speech, abnormal 
articulation, and prosody (rhythm) is common in 
cerebellar syndromes. 

c) Eye movements as noted above. Common cer- 
ebellar eye movement findings include downbeat 
nystagmus, hypermetric saccades, and rebound nys- 
tagmus. 

d) Ataxia: inability to coordinate movements of the 
voluntary motor acts, which err in rate, range, force, 
and duration. 

e) Appendicular coordination: Finger-to-nose. Ask the 
patient to touch the tip of the index finger to their 


nose with the eyes closed. Finger-to-finger. Ask the 
patient to touch the tip of their index finger to 
yours. An intention tremor is missing the target and 
increasing the amplitude of tremor as the target 
is approached. Dysmetria occurs when the patient 
overshoots or undershoots the target. 

f) Appendicular coordination: check rapid alternating 
movements, for example, turning the hand alter- 
nating palm and back of the hand or a rhythmic 
slapping of the knee. An inability to conduct rapid 
alternating movements smoothly is called dysdiado- 
chokinesis. 

g) Appendicular coordination: check heel-to-shin. 
While lying down, ask the patient to “draw” a per- 
fectly straight line with the back of the heel, up and 
down the opposite shin. 

h) Tandem walk: a sensitive but nonspecific test for bal- 
ance. In central vestibular disorders, the patient may 
be completely unable to tandem, and when severe 
the patient may be unable to stand. Patients with 
spinal stenosis or strokes causing motor weakness 
would also be unable to tandem walk. Similarly, 
patients with neurodegenerative conditions such as 
Parkinson disease would be unable to tandem walk. 
The quality of the walk can provide clues to the 
etiology. Spinal stenosis may be associated with a 
“scissoring” quality of the walk, and Parkinson may 
be associated with a shuffling gait and a pill-rolling 
tremor. 


ASSOCIATED SYMPTOMS IN CENTRAL 
VESTIBULAR DISORDERS 


In central vestibular disorders, the symptoms associated 
with the vertigo or onset of imbalance will be dictated by 
the location of the pathology. Central vestibular disor- 
ders generally localize to the brainstem or the cerebellum. 
Clinical examples of central vestibular disorders that can 
present with vertigo and imbalance include Wallenberg 
syndrome (an infarct of the dorsolateral medullary), MS, 
brainstem tumors or encephalitis, cerebellar ataxias, AC 
malformation, and cerebellopontine angle tumors. 


Important Questions to Ask the Patient 


“Do you feel as if you are about to pass out?” This would 
be consistent with global hypoperfusion, which can occur 
in orthostasis, cardiac insufficiency, or vasovagal reactions. 

“If you are seated still when the dizziness occurs, do you 
feel as if the world or you are moving?” This would be con- 
sistent with true vertigo. 

“How long is the vertigo spell, and is the onset abrupt or 
gradual?” Vertebrobasilar transient ischemic attacks (TIAs) 
often present with vertigo of abrupt onset, lasting 3 to 
4 minutes in duration. The duration of the vertigo is critical 
in determining the differential diagnoses (see Table 167.3). 


LENGTH OF VERTIGO IN 
uly) COMMON VESTIBULAR DISORDERS 


Length of Vertigo Vestibular Disease 


Spell Process 

Seconds, always less Benign paroxysmal positional vertigo 
than 1 min (22) 

Minutes: 3-4 VBI (TIA) (23,24) 

20 minutes to hours Méniére disease (25) 

Days Vestibular neuritis (26) 


Varies; can be seconds, 
minutes, or days 


Migraine-associated vertigo, vestibular 
migraine, migranous vertigo, migraine 
equivalent (27) 


“Are the spells provoked by positional changes of the 
head?” BPV is characterized by spells of vertigo induced 
by tilting the head back or rolling over while prone. It is 
important to note that vertigo of any etiology is associated 
with increased sensitivity to head movement. 

“Have you had loss of consciousness or confusion with 
the spells of dizziness?” Peripheral vestibular disorders are 
not associated with a loss of consciousness. Some patients 
may have a vasovagal response to the nausea and vomiting. 
However, sudden spells of falls with loss of consciousness 
would be characteristic of vertebrobasilar insufficiency, 
brainstem disorders affecting the reticular activating sys- 
tem, or as a diagnosis of exclusion, basilar migraine. 

“In between the spells of dizziness or vertigo, do you feel 
imbalanced when walking or clumsy with your extremi- 
ties? Some but not all cerebellar disorders are characterized 
by spells of vertigo. However, nearly all cerebellar disor- 
ders are characterized by persistent ataxia and/or clumsi- 
ness of the extremities. Notably, a cerebellar syndrome may 
affect the gait (truncal ataxia) without affecting the limbs 
(appendicular ataxia). 

“Are there accompanying otologic signs with the spells 
of vertigo, such as aural fullness, hearing loss, or tinnitus?” 
These may indicate Méniére disease, but can also be seen in 
basilar migraine and TIAs in the anterior inferior cerebellar 
artery (AICA) distribution. 

“Are there accompanying focal neurologic signs with the 
spells of vertigo, or in isolation?” (Box 167.1). The pres- 
ence of focal neurologic signs would be highly suspicious 
for vertebrobasilar TIAs, indicating a high risk for stroke. 

“Is there a personal history of hypertension, hyperlip- 
idemia, diabetes mellitus, cancer, coronary artery disease, 
peripheral vascular disease, migraines with aura or com- 
plicated migraine, strokes or TIAs in the past?” Vascular 
risk factors should alert the clinician to the possibility of 
vertebrobasilar insufficiency as the cause of spells of ver- 
tigo. Additionally, chronic nonspecific imbalance may be 
secondary to microvascular ischemic changes in a patient 
with vascular risk factors. Both require evaluation with an 
MRI of the brain and preventative treatment. 
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NEUROLOGIC REVIEW OF SYSTEMS 


Have you experienced any of the following symptoms? Please 
check yes or no and indicate if constant or in episodes. 


. Double vision, blurred vision, or blindness 
. Numbness of the face or extremities 
Weakness in arms or legs 

Clumsiness in arms or legs 

Confusion or loss of consciousness 

. Difficulty with speech 

. Difficulty swallowing 

. Pain in neck or shoulder 


Imaging modalities. There are now excellent nonin- 
vasive imaging technology to evaluate the cerebrovascu- 
lar arteries including the vertebrobasilar arteries, and the 
arch of the aorta, and takeoff of vessels. Contrast-enhanced 
magnetic resonance angiography (CE-MRA) can iden- 
tify arterial stenosis with nearly the same sensitivity as 
traditional cerebral angiography (28). MRI with FLAIR 
(fluid-attenuated inversion recovery) imaging is especially 
sensitive for demyelinating lesions in MS. A sagittal MRI 
that includes the posterior fossa is excellent to evaluate for 
AC malformation. DWI is highly sensitive to ischemia or 
infarcts (strokes), but can be negative when the lesion is 
small. 


VERTEBROBASILAR ISCHEMIA 
AND INFARCTS 


Vertebrobasilar TIAs are likely to recur and to progress to 
stroke. It is critical to recognize the first vertebrobasilar 
TIA. There appears to be as high or even higher risk of 
stroke after VBI TIAs than after carotid TIAs. Identifying a 
basilar stenosis is critical as there is a very high incidence 
of stroke or TIA recurrence (28). Referral to a stroke 
center is often indicated as interventions may range from 
anticoagulation, stenting, angioplasty, or clot retrieval 
angiography. 

VBI is associated with the traditional vascular risk factors. 
If a patient presents with vertigo or hearing loss as a TIA, 
then the localization is in the posterior circulation, that 
is, VBI. The incidence of vascular risk factors in patients 
with posterior circulation strokes is high. In a study of 
consecutive patients presenting to a large stroke center, 
the New England Medical Center Posterior Circulation 
Registry, the group of patients with extensive atheroscle- 
rotic disease involving the basilar artery had a very high 
incidence of stroke risk factors. Hypertension was present 
in 70%, and coronary artery disease was present in 60%. 
The incidence of stroke risk factors was also high in 300 
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consecutive patients presenting with posterior circulation 
strokes or TIAs of any cause: 58% had hypertension, 25% 
had diabetes mellitus, 42% tobacco abuse, 33% had coro- 
nary artery disease, 19% had hyperlipidemia. Other impor- 
tant modifiable lifestyle factors included alcohol abuse 
(13%), obesity (11%), and use of oral contraceptive pills 
(2%). Hyperlipidemia was more common in intracranial 
vertebral artery disease and basilar disease (31% and 35%, 
respectively) in comparison with extracranial vertebral 
artery disease (18%) (23). 

Isolated vertigo as transient VBI. Both the central and 
peripheral vestibular pathways are fed by the posterior cir- 
culation: the vertebrobasilar arteries. The vertebrobasilar 
system represents about 20% of cerebral blood flow, and 
posterior circulation TIAs and strokes represent about 20% 
of all TIAs and strokes. In fact, isolated spells of vertigo 
are likely the most common presentation of vertebro- 
basilar TIA first described by Williams and Wilson, 1962 
(Table 167.4) (29). In that study, 48% of the patients with 
VBI had vertigo. In the guinea pig, occlusion of the internal 
auditory artery causes cessation of cochlear potentials and 
degeneration within minutes (30). However, clinically in 
humans, the predominant first symptom and most com- 
mon symptom reported is vertigo. In a posterior circula- 
tion TIA, the onset of vertigo is usually very abrupt and 
spontaneous, rather than being induced by position, and 
there may be a flurry of spells within a few weeks’ time. 
The duration of the vertigo is critical. In the case of VBI, the 
duration of vertigo is 3 to 4 minutes in length. A compre- 
hensive discussion of this topic is provided by the authors 
in another reference (31). 

Some neurologists have stated that isolated vertigo is 
an unlikely presentation of VBI given that there are mul- 
tiple neurologic structures packed closely together within 
the brainstem, making isolated vestibular nuclei ischemia 
unlikely. However, the clinical data clearly demonstrate 
that isolated vertigo can be a TIA in the posterior circula- 
tion. Grad and Baloh (24) reported a high incidence of 
isolated vertigo in patients with VBI. Sixty-two percent had 


INITIAL SYMPTOMS OF 
VERTEBROBASILAR INSUFFICIENCY 
IN 65 PATIENTS 


No. of Patients (%) 


Symptom 


Vertigo 

Visual hallucinations 7 
Drop attacks or weakness 7 
Visceral sensations 5 
Visual field defects 4 
Diplopia 3 
Headaches 2 
Other 5 


From Williams D, Wilson TG. The diagnosis of the major and minor 
syndromes of basilar insufficiency. Brain 1962;85:741-774. 


at least one episode of isolated vertigo, and in nearly one- 
fifth the first TIAs began with isolated vertigo. Since that 
report, there have been several studies demonstrating ver- 
tigo as the presentation and manifestation of VBI (32-34). 
It is important that clinicians and emergency room physi- 
cians are aware that transient VBI may not be evident on 
imaging studies, and oftentimes posterior circulation TIAs 
is a clinical diagnosis. In patients with VBI who had pre- 
sented with vertigo, there was a high incidence of drop 
attacks: one out of three. There is also a very high incidence 
of visual symptoms of diplopia, field defects, or illusions. 
The visual illusions can mimic the visual aura of migraine 
(Table 167.5). In fact, transient ischemia within the verte- 
brobasilar system is a common cause of episodic nonposi- 
tional spontaneous vertigo spells in older patients. 

For the clinician, there are distinguishing characteristics 
between the drop attacks of vertebrobasilar insufficiency 
and those of Méniére disease. VBI drop attacks are often 
described as “buckling of the knees” and a slowly crum- 
pling downward. In a study of seven older patients with 
drop attacks of Méniére disease, also known as otolithic 
crisis, the attacks were described as forceful, and often vio- 
lent, “as if being pushed by an external force.” In many 
cases of Méniére drop attacks, there are associated injuries 
such as broken hip and concussions. In VBI, there may 
be an associated loss of consciousness. In Méniére drop 
attacks, there is never a loss of consciousness unless sec- 
ondary to a concussion or head trauma (35). 

Labyrinthine infarct. Pathologic studies following liga- 
tion of the internal auditory artery in animal studies 
demonstrate necrosis of the inner ear tissue with fibrous 
changes and osseous formation (36). Most cases of sudden 
hearing and vestibular loss have been associated with isch- 
emia in the distribution of the AICA occurring with brain- 
stem and cerebellar infarcts (37). In fact, isolated sudden 


SYMPTOMS ASSOCIATED WITH 
VERTIGO IN 42 PATIENTS WITH 
VERTEBROBASILAR INSUFFICIENCY 


No. of Patients (%) 


Symptom 


Visual (diplopia, field deficits, illusions) 
Drop attacks 14 
Unsteadiness, incoordination 
Extremity weakness 
Confusion 

Headache 

Hearing loss 

Loss of consciousness 
Extremity numbness 
Dysarthria 

Tinnitus 

Perioral numbness 
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From Grad A, Baloh RW. Vertigo of vascular origin: clinical and electro- 
nystagmographic features in 84 cases. Arch Neurol 1989;46:28 1-284. 


sensorineural hearing loss or vestibular loss (presenting 
similar to vestibular neuritis) can be the first presentation 
or sole presentation of an AICA infarct (see under AICA 
infarct). Sudden deafness has also been associated with fat 
emboli (38), thromboangiitis obliterans or Buerger disease 
(39), and macroglobulinemia (40). 

Of note, a labyrinthine infarct is too small to be seen on 
MRI imaging. Differentiating a labyrinthine infarct, which 
is presumably an infarct in the labyrinthine artery, from 
a viral sudden hearing loss with vertigo can be difficult. 
We recommend obtaining an MRI with DWI and MRA to 
evaluate for potentially treatable vascular pathology (see 
Imaging Modalities). 

AICA stroke and hearing loss and vertigo. The stroke 
patient who is most likely to present to the otolaryngolo- 
gist and the stroke patient most likely to be confused for 
a purely peripheral inner ear disorder is the patient with 
a stroke in the AICA territory. The labyrinth is fed by the 
internal auditory artery, an end artery with minimal collat- 
erals from the otic capsule. The internal auditory artery is 
usually a branch of the AICA. The internal auditory artery 
perfuses the cochlea and vestibular labyrinth, and occlu- 
sion of this artery causes hearing loss and vertigo. Internal 
auditory artery infarction occurs mostly due to thrombotic 
narrowing of the AICA or the basilar artery at or near the 
AICA orifice (41). In fact, sudden deafness and vertigo may 
be the sole presentation of an AICA infarct, and could be 
easily mistaken for a purely inner ear disease (42). 

Of importance, in a study by Lee et al. (43), patients 
with prodromal audiovestibular disturbances had five 
times higher prevalence of focal or diffuse basilar artery 
occlusive disease near the AICA orifice, compared with 
those without prodromal audiovestibular disturbance 
(62% vs. 13%, P< 0.001). Given the low incidence of pure 
auditory or pure vestibular loss, the investigators specu- 
lated that internal auditory artery ischemia seldom results 
in selective involvement of the anterior vestibular artery 
or the main cochlear artery. Conversely, there should be 
strong suspicion for VBI if a patient presents with acute 
onset of combined auditory and vestibular loss, especially 
in a patient with vascular risk factors (43). This contrasts 
with viral vestibular neuritis, which presents with only 
minimal or no auditory symptoms. 

In a study of 12 consecutive patients with MRI con- 
firmed AICA infarcts, one-third had vertigo and/or audi- 
tory symptoms in isolated episodes from 1 day to 2 months 
prior to the AICA infarct, and notably 11 out of the 12 had 
sensorineural hearing loss (44). Audiometric data indicate 
cochlear pathology primarily as the cause of deafness. A 
recently published (Epub) study demonstrated abnormal 
cervical vestibular-evoked myogenic potentials (CVEMPs) 
in 8 out of 16 patients with AICA infarcts (50%), an indica- 
tion of saccular pathology. The abnormal cVEMP was also 
associated with a caloric paresis and sensorineural hear- 
ing loss, suggesting that the audiovestibular periphery is a 
source of vertigo and hearing loss in AICA infarcts (45). 
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The presence of hearing loss should be investigated in 
AICA infarcts as multiple publications have demonstrated 
this association (46,47). We recommend that any stroke or 
TIA associated with dizziness be formally evaluated with 
an audiogram as patients may be unaware of the hearing 
loss. We also recommend that sudden hearing loss with or 
without vertigo be evaluated by an MRI. 

Traditionally, ischemia in the AICA territory is known 
to result in infarction of the dorsolateral pontomedullary 
region (brainstem) and the middle cerebellar peduncle. 
A complete AICA infarct is associated with the ipsilateral 
signs of a profound hearing loss, facial paralysis, cerebellar 
ataxia, loss of pain and temperature on the ipsilateral face, 
and contralateral pain/temperature loss on the body. In 82 
consecutive AICA infarcts, the most common and domi- 
nant symptom was acute prolonged vertigo, lasting greater 
than 24 hours (98% of patients) (see Table 167.6) (43). 

Posterior inferior cerebellar artery (PICA) syndrome or dor- 
solateral medullary syndrome: Wallenberg syndrome. An infarct 
in the PICA distribution causes a wedge-shaped infarct in 
the dorsolateral medulla, an area packed with salient neu- 
rologic nuclei. Therefore, the patient with a PICA infarct 
will usually have other neurologic signs. Of relevance to 
the otolaryngologist, in a study of 130 consecutive PICA 
infarcts without cerebellar involvement, only 57% pre- 
sented with vertigo. However, 92% had gait ataxia, pre- 
sumably from the infarct of the central vestibular nuclei 
and their interconnections (Table 167.7) (48). It is wise 
to look for a Horner's, a miotic pupil that does not dilate 
in darkness. The anisocoria (asymmetry of the pupils) of 
Horner's will be increased in darkness. In 88% of patients 
with Wallenberg syndrome, there was an ipsilateral Horner 
sign. Most of the patient exhibit severe gait ataxia. In the 
case report of three patients presenting with only vertigo 
and gait ataxia, which might be mistaken for a peripheral 


FREQUENCY OF SYMPTOMS 
IN 82 CONSECUTIVE PATIENTS 
WITH AICA INFARCTS 


Symptom No. of Patients (%) 
Acute prolonged vertigo (>24 h) 80 (98) 
Acute hearing loss 52 (63) 
Limb dysmetria 55 (67) 
Gait ataxia 52 (63) 
Facial sensory loss 23 (28) 
Facial weakness 23 (28) 
Body sensory loss 5 (6) 
Horner syndrome 3 (4) 
Dysarthria 3 (4) 
Eye motion limitation 2 (2) 
Limb weakness 2 (2) 


From Lee H, Kim JS, Chung EJ, et al. Infarction in the territory of ante- 
rior inferior cerebellar artery: spectrum of audiovestibular loss. Stroke 
2009;40(12):3745-3751. 
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FREQUENCY OF SYMPTOMS IN 
130 CONSECUTIVE PICA INFARCTS 


Symptom No. of Patients (%) 
Sensory symptoms and signs 125 (96) 
Gait ataxia 120 (92) 
Horner sign 114 (88) 
Dysphagia 84 (65) 
Dysarthria 28 (22) 
Vertigo 74 (57) 
Nystagmus 73 (56) 
Limb ataxia 72 (55) 
Nausea and vomiting 67 (52) 
Headache 67 (52) 
Skew deviation of eyes 53 (41) 
Diplopia 41 (32) 
Hiccoughs 33 (25) 
Facial palsy 27 (21) 


From Kim JS. Pure lateral medullary infarction: clinical-radiological 
correlation of 130 acute, consecutive patients. Brain 2003;126: 
1864-1872. 


vestibulopathy, the lateropulsion, a strong motor distur- 
bance causing deviation of the trunk toward the ipsilateral 
side, was so strong that walking is severely impaired or 
impossible. The lateropulsion affects the oculomotor sys- 
tem, causing excessively large saccades toward the lesion, 
and abnormally small saccades away from the lesion (49). 
A PICA infarct, in contrast to vestibular neuritis, is asso- 
ciated with the severe motor disturbance that impairs the 
walking. In vestibular neuritis, the patient feels vertiginous 
and has some difficulty walking but will usually be able to 
walk. PICA infarcts, as opposed to AICA infarcts, do not 
present with auditory changes. 

Cerebellar infarction. It has been stated that an isolated 
cerebellar stroke is likely sometimes mistaken for a periph- 
eral vestibular neuritis. A recent study using MRI with DWI, 
a sensitive acquisition for recent ischemia, found that 75% 
(25 out of 33) patients with an apparent acute vestibular 
syndrome had a stroke, most often in the cerebellum. The 
study excluded patients with a recent viral illness (which 
occurs in about 30% of vestibular neuritis). Distinguishing 
characteristics of a cerebellar stroke were the inability to 
walk or stand, direction-changing nystagmus. Mild imbal- 
ance, characterized by the ability to stand and walk unas- 
sisted, but the inability to tandem walk, has been reported 
in an isolated superior cerebellar stroke (50). Cerebellar 
hemorrhages must be recognized promptly because of the 
possibility of herniation which can be fatal. A computed 
tomography (CTI) scan can be obtained quickly, is readily 
available, and is highly sensitive to identify a cerebellar 
hemorrhage. 

Vertebrobasilar ischemia and imaging. Given the similar- 
ity in presentation of some cerebellar symptoms, when 
seeing a patient with acute vestibular syndrome who has 
vascular risk factors, it is recommended to obtain an MRI 


with DWI. DWI may show abnormalities (hyperintense) in 
the first few hours after an acute stroke syndrome that does 
not show up on T2-weighted imaging for several hours 
(51). A large burden of microvascular ischemic changes 
on MRI, even with a negative DWI (negative for stroke) 
would be indication to minimize the stroke risk factors by 
controlling blood pressure, providing statins and an anti- 
platelet agent if there is no contraindication, and modify- 
ing lifestyle factors such as diet and tobacco and ethanol 
abuse. The specific treatment with regards to aspirin ver- 
sus aspirin-dipyridamole versus anticoagulation should be 
determined by a specialist such as a neurologist, given this 
rapidly changing field. The other consideration in the 
setting of a potentially acute stroke is thrombolytic treat- 
ment at a stroke center, and in some cases of vertebrobasilar 
stenosis, stenting may be indicated (SSYLVIA study) (52). 


MIGRAINE-ASSOCIATED VERTIGO AND 
BASILAR MIGRAINE 


Episodic vertigo spells occur in about one-fourth of 
patients with migraine (53). Migraine is diagnosed by the 
severity of the headaches and the associated symptoms 
(Table 167.8). Vertigo attributed to migraine is also known 
as vestibular migraine, migraine variant, migraine equiva- 
lent, atypical migraine, migraine-associated vertigo, benign 
recurrent vertigo, and previously as vestibular Méniére 
disease. Acephalgic migraine or atypical migraine can 
also occur; in this case, the patient has symptoms attrib- 
utable to migraine without any headache pain. Migraine- 
associated vertigo is the second most common cause of 
recurrent vertigo after benign paroxysmal positional ver- 
tigo, and migraine-associated vertigo likely accounts for 
6% to 7% of patients in clinics managing patients with 
dizziness (54). Benign paroxysmal vertigo of childhood is 
likely migrainous vertigo and is associated with the onset 


DIAGNOSTIC CRITERIA FOR 
MIGRAINE WITHOUT AURA 
(INTERNATIONAL HEADACHE 
SOCIETY, 2004) 


TABLE 


167.8 


At least five attacks fulfilling B-D 
Headache last 4-72 h (untreated) 
Headache has at least two of the following: 
— Unilateral 
— Pulsating 
— Moderate or severe (inhibits or prohibits daily activities) 
— Aggravated by walking, stairs, or similar physical activities 
During headache at least one of the following: 
— Nausea and vomiting 
—Photophobia and phonophobia 
Other causes of headache have been ruled out 


From International Headache Society, Headache Classification 
Subcommittee. The international classification of headache disorders, 
2nd edition. Cephalalgia 2004;24:1-60. 


PROPOSED DIAGNOSTIC CRITERIA 
FOR DEFINITE MIGRAINOUS 
VERTIGO 


TABLE 


167.9A 


Recurrent vestibular symptoms such as rotatory/positional vertigo, 
other illusory self or object motion, head motion intolerance 

Current or previous history of migraine according to criteria of the 
International Headache Society, 2004 (59) 

At least one of the following migrainous symptoms during at least 
two or more vertiginous attacks: migrainous headache, phono- 
phobia, photophobia, scintillating scotoma, or other auras 

Exclusion of other causes 


From Lempert T, Neuhauser H. Migrainous vertigo. Neurol Clin 
2005;23(3):7 15-730. 


of migraine at a later age (55). The duration of vertigo in 
migraine-associated vertigo can vary from seconds to min- 
utes and sometimes can last days and resemble recurrent 
vestibular neuritis (27). A study of 208 patients present- 
ing to a neurotology clinic with benign recurrent vertigo 
demonstrated a comorbidity of migraine in 180 patients 
(87%) (56). Of these patients with both migraine and 
benign recurrent vertigo, 79% experienced the vertigo 
spells in isolation, unassociated with migraine symp- 
toms. These patients would not meet the strict criteria 
for definite migrainous vertigo (54,57) (Tables 167.9A 
and 167.9B). 

There is not a consensus regarding the strict definition 
of migrainous vertigo. Thus, a recent longitudinal follow- 
up of 75 patients was conducted to evaluate the reliability 
of diagnoses of definite or probable migrainous vertigo 
using the criteria of Lempert and Neuhauser (54). After a 
mean time of 8.75 years, definite vestibular migraine was 
confirmed in 85% of those previously diagnosed with 
definite vestibular migraine. Fifty percent of the patients 
with probable vestibular migraine evolved to the criteria 
for definite vestibular migraine, and 32% remained with 
diagnosis of probable vestibular migraine. Thus, there 


PROPOSED DIAGNOSTIC CRITERIA 
FOR PROBABLE MIGRAINOUS 
VERTIGO 


TABLE 


167.9B 


Recurrent vestibular symptoms such as rotatory/positional vertigo, 
other illusory self or object motion, head motion intolerance 

Current or previous history of migraine according to criteria of the 
International Headache Society, 2004 

Migrainous symptoms during at least two or more vertiginous 
attacks: headache, phonophobia, photophobia, scintillating 
scotoma, or other auras 

Migraine precipitants of vertigo in more than 50% of attacks, such 
as food triggers, sleep irregularities, or hormonal changes 

Response to migraine medications in more than 50% of attacks 

Exclusion of other causes 


From Lempert T, Neuhauser H. Migrainous vertigo. Neurol Clin 
2005;23(3):7 15-730. 
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was very high reliability and validity of the diagnoses 
of probable and definite vestibular migraine. A subset 
evolved to have mild hearing loss, and thus met crite- 
ria for Méniére disease, but had symptoms atypical for 
Méniere disease (58). 

Of the patients meeting the International Headache 
Society criteria for migraine (59), 62% of patients with 
migrainous vertigo met criteria for migraine with aura 
(56), and this percentage is significantly higher than the 
reported percentage of 28% of all patients with migraine 
that have migraine with aura (60). Migraine with aura 
appears to be associated with a higher frequency of 
infarcts than those with common migraine (migraine 
without aura). In the case of migraine with transient uni- 
lateral hearing loss and tinnitus as aura, the authors rec- 
ommend the use of verapamil as the first-line agent, and 
agree that triptans would be relatively contraindicated 
(61). There may be a predominance of vertebrobasilar 
strokes associated with migrainous stroke. Bogousslavsky 
et al. (62) reported 9 posterior cerebral artery infarcts and 
2 brainstem and cerebellar strokes among 22 migrain- 
ous strokes (41%), which is twice the ratio than general 
strokes of which posterior strokes reportedly represent 
20% (62). 

Basilar migraine. Basilar migraine is a subtype of migraine 
with aura characterized by recurrent headaches, oftentimes 
occipital in location, with focal neurologic symptoms local- 
izing to the posterior circulation (Table 167.10) (63). The 
first attack in 65% of the cases was in the second or 
third decade. Commonly, patients with basilar migraine 
exhibit impaired consciousness (77%) and _ bilateral 
visual impairment (86%), as well as vertigo (63%). The 
impaired vision may be a blurring of the vision diffusely 
(69%) or flickering or wavy lines, called teichopsia (69%). 
The impaired consciousness ranges from coma (24%), 


MOST COMMON SYMPTOMS IN 49 
ul-vul¢) PATIENTS WITH BASILAR MIGRAINE 


Symptom No. of Patients (%) 
Headache 47 (96) 
Bilateral visual impairment 42 (86) 
Nausea 41 (83) 
Impaired consciousness 38 (77) 
Vomiting 35 (71) 
Vertigo 31 (63) 
Gait ataxia 31 (63) 
Paresthesias (usually bilateral) 30 (61) 
Dysarthria 28 (57) 
Weakness (usually bilateral) 27 (55) 
Tinnitus 13 (26) 
Impaired hearing 10 (20) 
Diplopia 8 (16) 


From Bogousslavsky J, Regli F, Van Melle G. Migraine stroke. 
Neurology 1988;38:223-227. 
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confusion (43%), or syncope (35%). Other associated 
symptoms include gait ataxia, paresthesias, dysarthria, 
and tinnitus. The prophylactic treatment of choice in 
basilar migraine is calcium channel blockers. Triptans 
and ergots are considered relatively contraindicated in 
basilar migraine. Because of the similarity in presenta- 
tion between basilar migraine and VBI, evaluation of the 
cerebrovasculature with an MRI and referral to a neurolo- 
gist are warranted. 

Migrainous vertigo without other symptoms does not 
meet criteria for basilar migraine, and has been considered 
to be potentially responsive to triptans. In a trial with limi- 
tation mainly from too few subjects, zolmitriptan was not 
associated with significantly greater relief versus placebo 
for migrainous vertigo. However, the study was insuffi- 
ciently powered (64). 

Migraine-associated vestibulopathy, hearing loss, and motion 
sickness. There is evidence that migraine can be associated 
with hearing loss, tinnitus, and auditory end organ dam- 
age (61,65). Unilateral caloric paresis has been reported to 
occur in 18% to 21% of migraineurs with vertigo (27,66). 
Migraine is also associated with Tumarkin-like falls, sud- 
den falls with no loss of consciousness described as “being 
pushed by an external force,” originally described in asso- 
ciation with Méniére disease. Tumarkin-like falls were asso- 
ciated with vestibulopathy as demonstrated on vestibular 
testing in migraine patients without Ménieére disease (66). 
Migrainous vertigo is also associated with abnormalities 
in vestibular evoked myogenic potentials (VEMPs) (67). 
These findings indicate an association of peripheral vestib- 
ular damage with migraine. A recent pilot study reported 
that rizatriptan pretreatment was associated with a decrease 
in motion sickness induced by off-vertical axis rotation in 
migraine patients with motion sickness (68). The effect is 
proposed to be mediated by serotonin receptors within the 
serotonergic vestibular-autonomic pathways, a central ves- 
tibular mediated pathway. 

Treatment of migraine-associated vertigo. In general, the 
prophylaxis of migraine-associated vertigo is similar to 
that to prevent migraine headaches. Medications com- 
monly used include calcium channel blockers, tricyclic 
amines, beta-blockers, and anticonvulsants such as topira- 
mate or valproate. In the authors’ experience, the use of 
acetazolamide can be effective for both the audiovestibular 
symptoms and the headache, especially if the disease pro- 
cess mimics Méniére disease (aural fullness, tinnitus, and 
vertigo). In the case of migraine-Méniére’s, the character- 
istic that distinguishes it from Méniére disease is the lack 
of progression of hearing loss. In these cases, the tinnitus 
and aural fullness are oftentimes bilateral. Preventative 
measures should also include lifestyle changes: regular 
exercise (which should be introduced gradually as acutely 
increasing exercise may trigger a migraine), regular meals, 
avoidance of high-fat and high-sugar foods, modera- 
tion of caffeinated beverages or ethanol, and avoidance 
of tobacco. Patients should evaluate for particular food 


triggers including red wine, processed foods, and artificial 
sweeteners. Dehydration can also trigger migraine head- 
aches or vertigo spells. Women often present with migraine 
symptoms near the onset of menses. It is helpful for 
patients to keep a headache diary and to include in the 
diary any potential triggers. 


MULTIPLE SCLEROSIS AND 
NEUROTOLOGIC SYMPTOMS 


MS is a demyelinating disease of the central nervous system 
with onset usually in the third and fourth decades of life, 
with a female predominance (69). Because there is evidence 
that early treatment with disease-modifying agents can alter 
and slow down the progression of this disease, it is wise 
for clinicians to be able to recognize MS in order to refer 
patients to appropriate specialists. Immune-modulating 
agents include B-interferon, glatiramer acetate, and second 
generation MS treatments may include methotrexate, aza- 
thioprine, cyclophosphamide, mitoxantrone, and recently 
an oral agent, fingolimod (FTY720) (70). MS is the most 
common cause of acquired disability in young adults in the 
western world with an incidence of 4 to 8 newly diagnosed 
Patients per 100,000 per year (71). MRI is the most sensitive 
imaging modality to identify demyelinating disease with 
attention to the fluid-attenuated inversion recovery (FLAIR) 
sequence, ideally including a sagittal image. Neurologists 
use MRI to follow the progression of MS disease, and 
enhancement with gadolinium can be used to evaluate for 
active inflammatory MS disease processes. 

Neurotologic signs and symptoms of MS. Hearing loss 
occurs in about 10% of patients with MS with no apparent 
relationship between the severity of MS and the severity of 
hearing loss (72). The clinical presentation of the hearing 
loss in MS varies from acute to subacute (over months) to 
insidious with oftentimes a partial remission of hearing 
loss. Vertigo is the initial symptom in about 5% of patients 
with MS, and is reported to occur at some time during the 
disease in about half of patients with MS (69). The vertigo 
may be secondary to demyelination of the root entry zone 
of the vestibular nerve, the brainstem vestibular nuclei, or 
the cerebellum. An acute attack of MS may be treated with 
intravenous Solu-Medrol to hasten the remission of symp- 
toms and signs, and lessen the inflammatory response. 
Prolonged vertigo spells should be treated with antiemetics 
and vestibular suppressants such as benzodiazepines. Of 
note, there may be a higher incidence of benign paroxys- 
mal positional vertigo in patients with MS, which can be 
treated with the traditional Epley maneuver. 

Examination findings in MS. MS will often be associated 
with eye movement abnormalities, including internuclear 
ophthalmoplegia (INO), saccadic pursuit. An INO will 
manifest with an inability to adduct (move medially) the 
affected eye, and a dissociated nystagmus when looking to 
the contralateral side. The pathology is located within the 
medial longitudinal fasciculus (MLF), which is commonly 


involved in MS due to the length of the MLE Because INO 
is common in MS and uncommon in other diseases, the 
presence of an INO should trigger an evaluation for MS 
(73). A history of optic neuritis is common in MS, which 
may be associated with a relative afferent pupillary defect. 
Other common findings include brisk deep tendon reflexes, 
ataxia or other cerebellar signs, and impaired vibratory and 
position sense. With regard to the neurotologic studies, 
VEMPs are abnormal in one-third of patients with MS (74). 

Ataxia syndromes. Friedreich ataxia is the most com- 
mon of the hereditary ataxias, with a prevalence of 2 per 
100,000, which is equal to nearly all of the other dominant 
ataxias combined. Friedreich ataxia is a recessively inher- 
ited ataxia with presentation of progressive limb and gait 
ataxia, loss of position and vibration sense, onset before 
25 years, and absent deep tendon reflexes in the legs. Of 
note, there is some variability in presentation. Friedreich 
ataxia is secondary to a GAA repeat in the gene frataxin, 
the product is a mitochondrial protein related to oxidative 
stress. Both auditory and vestibular loss occur commonly, 
but oftentimes late in the disease process (75,76). Refsum 
syndrome is an autosomal recessive ataxia syndrome char- 
acterized by retinitis pigmentosa, bilateral sensorineural 
hearing loss, cerebellar ataxia, and peripheral neuropathy 
secondary to a defect in lipid alpha oxidase. 

Episodic ataxias (EA) are a rare group of disorders of the 
cerebellum. In general, there are episodes of ataxia with 
relatively normal spells in between. While these disorders 
are relatively rare, they may present to the otolaryngolo- 
gist with complaints of “dizziness.” The patient with ataxia 
may state that the spells are similar to the feeling of drunk- 
enness, and they may describe a clumsiness of the extremi- 
ties and slurred speech. Most of the EA are inherited and 
a family history should be obtained. MRI imaging of the 
brain and upper cervical cord can reveal a cerebellar vermis 
(midline) atrophy. Specific DNA tests are available for all 
of the trinucleotide repeat syndromes. A battery of tests can 
be ordered on a patient with a dominantly inherited spi- 
nocerebellar ataxia syndrome. Treatment is symptomatic. 
Acetazolamide is quite effective to prevent the episodic 
spells in patients with EA-2, and to a lesser degree, EA-1, 
starting with a low dose of 125 mg/d and working up to 
an average effective dose of between 500 and 750 mg/d 
(77). In EA-2, the spells of ataxia are often associated with 
vertigo, nausea, and vomiting. The nystagmus in between 
spells of vertigo/ataxia may be downbeat or gaze-evoked. 

Other causes of cerebellar ataxia. Other causes include 
idiopathic degenerative ataxias, such as multiple system 
atrophy, ischemic or hemorrhagic strokes, toxins such as 
alcohol, heavy metals, or solvents, autoimmune conditions, 
and infections. Gluten ataxia occurs when gluten is ingested 
in a susceptible patient and is associated with antigliadin 
antibodies (78). The onset of gait ataxia may be insidious. 

Paraneoplastic cerebellar degeneration usually presents 
subacutely, with the most commonly associated cancers 
being small-cell lung cancer, breast or ovarian cancer, and 
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lymphoma. The presentation of subacute cerebellar ataxia 
should trigger an extensive workup including imaging, and 
oftentimes analysis of the cerebrospinal fluid (CSF) is war- 
ranted. Paraneoplastic cerebellar ataxia is most commonly 
associated with small-cell lung carcinoma but many other 
cancers have been associated with paraneoplastic cerebellar 
ataxia. The underlying tumor may be unable to be detected 
early in the presentation of paraneoplastic disease (79). 
Thus, a workup for an occult malignancy is warranted in any 
patient with subacute cerebellar degeneration and the serum 
should be evaluated for antineuronal antibodies (80,81). 
The common antineuronal antibodies associated with para- 
neoplastic cerebellar ataxia include anti-Hu, anti-Yo, anti-Ri 
(which often has a less severe course), anti-Ma, anti-Tr, anti- 
CV2, anti-GAD, anti-VGKC (voltage-gated potassium chan- 
nel), and anti-VGCC (voltage-gated calcium channel). These 
serum antibodies are identified in about one-half of patients 
with paraneoplastic cerebellar degeneration. An intensive 
search for an occult malignancy must be conducted; the first 
imaging modalities usually indude whole-body CT and/or 
total body positron emission tomography (PET). 
Arnold-Chiari syndrome. AC syndrome is a congeni- 
tal condition characterized by a defect of the skull base 
that causes a herniation of the cerebellum and/or brain- 
stem into the cervical spinal canal. The onset of symptoms 
usually presents in the second or third decades. AC syn- 
dromes are classified into four types. AC-I is an anomaly 
of congenital cerebellar tonsillar elongation with displace- 
ment through the foramen magnum. Symptomatic AC-I 
may present with brainstem or cerebellar signs, including 
downbeat nystagmus, and ataxias. Of note, herniation 
greater than 12 mm was invariably symptomatic. However, 
nearly 30% of patients with tonsillar displacements rang- 
ing from 5 to 10 mm below the foramen magnum were 
asymptomatic (82). Osseous abnormalities are also com- 
mon including basilar invagination. The tonsillar descent 
is best evaluated on a sagittal T1- and T2-weighted MRI 
scan, which is preferred over CT. Uncomplicated AC-I may 
present with ataxia of gait, vertical downbeating nystag- 
mus, which patients may describe as “oscillopsia.” This is 
described as a visual blurring that is worse when walking 
on hard surfaces or when shifting the gaze. Other common 
features include occipital and cervical pain, ataxia of gait, 
and blurred vision. In symptomatic AC-I, there is nearly 
always pathologic nystagmus. Surgical correction by sub- 
occipital decompression of the foramen magnum can halt 
the progression due to the cervical medullary compression, 
and can sometimes reverse the neurologic symptoms and 
signs. Patients with rheumatoid arthritis may be especially 
susceptible to cranial vertebral anomalies, and a recent 
series of 45 patients surgically treated for rheumatoid 
arthritis and cranial settling had excellent outcomes (83). 
Thiamine deficiency. Wernicke’s can present with eye 
movement paresis (ophthalmoplegia), confusion, and ataxia 
of gait and stance. Truncal ataxia is typically significantly 
worse than appendicular ataxia (testing finger to nose or heel 
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to shin). Thus, imbalance and falls may be an early presenta- 
tion of Wernicke’s and may present to the otolaryngologist. 
Traditionally, clinicians associate thiamine deficiency with 
alcoholism, but thiamine deficiency is associated with bar- 
iatric surgery, chemotherapy, HIV, hyperemesis gravidarum, 
malabsorption syndromes, prolonged parenteral feeding, 
prolonged starvation, thyrotoxicosis, uremia, and cancers 
(84). Diabetics may be relatively susceptible to Wernicke’s 
because insulin deficiency may cause a reduction in the rate 
of thiamine transport across the intestine (85). Pathologic 
changes are noted in the vestibular nuclei in thiamine- 
deficient monkeys (86). MRI may show FLAIR hyperinten- 
sities in the thalami, mammillary bodies, tectal plate, and 
periaqueductal area (87). However, diagnosis of Wernicke’s 
should be a clinical diagnosis as the MRI is reported to have 
a sensitivity and specificity of 53% and 93%, respectively. 
Recovery is dependent on rapidness of institution of thia- 
mine. Hundred milligram intravenous per day should be 
administered as a trial since oral absorption may be deficient, 
especially in gastrointestinal cancers. It is best to not wait for 
the thiamine levels as early treatment is important. 


m The history is critical in the evaluation of a patient 
presenting with dizziness or vertigo. Distinguishing 
the type of dizziness is crucial. Vertigo will present 
with a sensation of movement of self or the environ- 
ment, and can be seen in both central and periph- 
eral vestibular disorders. 

m The characteristics of the spontaneous periph- 
eral nystagmus in an acute vestibular syndrome 
are a horizontal torsional nystagmus which obeys 
Alexander law (increases in velocity and amplitude 
when looking toward the side of the fast phase) and 
is suppressed by visual fixation. 

= Common central vestibular nystagmus patterns 
include downbeat nystagmus or a direction-changing 
nystagmus. A vertical nystagmus is always central in 
etiology. Central vestibular disorders are often associ- 
ated with other abnormal eye movements including 
saccadic intrusions, abnormal saccades, and pursuit. 

= VBI should be suspected in an older patient with 
vascular risk factors. Spontaneous vertigo with 
an abrupt onset and duration of 3 to 4 minutes is 
highly suspicious for VBI. Isolated vertigo can be a 
manifestation of a vertebrobasilar TIA. Because of 
the propensity for recurrence, prompt evaluation 
of the vertebrobasilar circulation is indicated using 
contrast-enhanced MRA and MRI. When MRI is 
contraindicated, a CI angiogram can be used. 
Treatment can include thrombolytic therapy, and 
in stroke centers other interventions include angio- 


plasty, stenting, intra-arterial thrombolytic therapy, 
and the use of clot retrieval instruments. 

Sudden deafness or vertigo can be a symptom of 
ischemia in the AICA distribution. From one-sixth 
to one-third of patients who had an AICA infarct 
had a prodrome of vertigo or hearing symptoms in 
the 1 or 2 months prior. 

Migraine-associated vertigo or vestibular migraine is 
one of the most common central vestibular disor- 
ders presenting to the otolaryngologist. One-fourth 
of patients with migraine have vertigo. The duration 
of the vertigo can vary greatly. The Barany Society 
and the International Headache Society consen- 
sus narrowed the diagnosis of definite vestibular 
migraine to cases having migraine features with at 
least 50% of the vestibular episodes (88). These 
criteria will likely have higher specificity, but lower 
sensitivity. Migraine can be associated with hearing 
loss, vertigo spells, Tumarkin-like falls, and BPV. 
Vertigo is the initial symptom in 5% of patients 
with MS and hearing loss occurs in about 10% of 
patients with MS. MRI with FLAIR is highly sensitive 
for demyelinating plaques. Other commonly associ- 
ated findings include INO, optic neuritis, brisk deep 
tendon reflexes, and loss of vibratory sensation. 
AC-I is associated with suboccipital headache, 
vertigo which is oftentimes elicited by positional 
changes or changes of head movements, and visual 
complaints including blurred vision. Usually symp- 
tomatic AC-I will be associated with a pathologic 
nystagmus, oftentimes a downbeat nystagmus. MRI 
is useful to evaluate for the presence of AC mal- 
formation, and also to evaluate the volume of the 
posterior fossa and CSF flow dynamics. Surgical 
correction may halt the progression or even allow 
reversal of symptoms when diagnosed accurately. 


= A common metabolic condition that may present 


with central vestibular findings is thiamine defi- 
ciency, or Wernicke encephalopathy. Ocular abnor- 
malities, ataxia, falls, and memory impairment are 
common presenting symptoms. Rapid institution of 
thiamine can reverse the progression of the disease, 
which can be life threatening. 

Cerebellar syndromes often present with vertigo and 
ataxia. Cerebellar diseases are often associated with 
an abnormal nystagmus with common patterns 
being downbeat nystagmus or a direction-changing 
nystagmus. Laboratory investigations to consider 
include examination of the CSE genetic panels, vita- 
min E, vitamin B,, antigliadin antibodies, and eval- 
uation for toxins. MRI is superior to CT to evaluate 
for cerebellar degeneration. Total body CT and/or 
PET may be indicated in subacute cerebellar ataxia 
to look for a primary tumor. 
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Vestibular Rehabilitation 


Susan L. Whitney 


Persons with vestibular disorders often present with 
complaints of dizziness, being off balance, and some- 
times nausea and vomiting. They may also report falls as a 
result of their vestibular disorder. Dizziness is a very com- 
mon complaint in an otolaryngologist’s office. The diag- 
nosis and management of persons with dizziness can be 
perplexing, since there are so many causes of dizziness. 
Medication-induced dizziness is very common as is diz- 
ziness associated with headache. Thorough history and 
examination, often with laboratory testing, are necessary to 
confirm the presence and nature of vestibular dysfunction. 

Balance and dizziness disorders are generally considered 
to affect older adults (1), although younger people also 
encounter vestibular disorders (2). The prevalence of diz- 
ziness/vertigo in a 1-year period has been estimated to be 
approximately 29% in women and 17% in men within the 
German population (2). In a large US study (n = 5,086), it 
is estimated that 35% of people over the age of 40 have had 
vestibular dysfunction based on their ability to stand in mod- 
ified Romberg on a firm and compliant surface, with active 
dizziness increasing the odds of falling by 12 (3). Of 546 per- 
sons presenting to the emergency room (ER) with no known 
cause for a fall initially, when probed, 80% had reported diz- 
ziness within the last 12 month (4), suggesting that the dizzi- 
ness may be related to falls. Persons with vestibular disorders 
become concerned about falls, resulting in their being more 
sedentary and further increasing their risk of falling. 

Nine percent of older adults seen for chronic medical 
problems in an outpatient geriatric setting for nonbalance 
or dizziness complaints had unrecognized benign paroxys- 
mal positional vertigo (BPPV) (5). These older adults also 
had greater reports of falls and impairments of the activi- 
ties of daily living (ADL) (5). Vestibular physical therapy 
has been used to improve balance, decrease dizziness, and 
improve quality of life in persons with BPPV and other cen- 
tral and peripheral vestibular disorders. There is mounting 
evidence that vestibular physical therapy is effective in the 
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treatment of vestibular dysfunction in adults and children 
(6-68). Two Cochrane meta-analyses of 21 and 27 ran- 
domized trials suggested that there was moderate to strong 
evidence to support that vestibular rehabilitation is a safe 
and effective intervention for persons with peripheral ves- 
tibular disorders (38,39). 

Vestibular disorders are most commonly treated by 
physical therapists. Other health care providers such as 
occupational therapists and audiologists also deliver inter- 
ventional care. Knowledge related to the treatment of BPPV 
is commonly taught within physical therapist curricula. 
Standards related to the knowledge base that is critical for 
the identification and treatment of vestibular disorders 
have recently been published (69). The newly published 
international guidelines written by a Barany Society sub- 
group provide a starti ng point for therapists to determine 
what additional knowledge they should acquire in order 
to optimally treat persons with balance and vestibular 
dysfunction (69). The treatment of vestibular disorders in 
many physical therapist curricula is considered advanced 
knowledge beyond an entry level doctor of physical ther- 
apy degree program. Any physical therapist who is a neuro- 
logic clinical specialist should have background in specific 
examination and intervention techniques for persons with 
vestibular disorders. 

Developing a relationship between physicians and phys- 
ical therapists interested in treating patients with vestibular 
disorders is important for the patients’ optimal recovery. 
Good communication will enhance the care that patients 
receive and should ultimately speed their recovery. As a 
physician initially seeking referral to a physical therapist, 
it is reasonable to ask the intended provider what his or 
her experience is with the treatment of persons with bal- 
ance and vestibular disorders. There are advanced train- 
ing options that could also further develop their skills and 
experience in the treatment of persons with balance and 
vestibular disorders if they were interested in learning more. 
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Medications rarely help with persons with peripheral 
vestibular disorders, except in the acute phase. However, 
chronic use of medications is often beneficial in persons 
with Meniere disease for long-term symptom control. 
As persons improve, it is optimal to taper and stop the 
antidizziness and antinausea medication as it may actually 
slow down central compensation and the recalibration 
process of the vestibuloocular reflex (VOR). Long-term 
use of antidizziness medication is not advised, especially 
in older adults. The drowsiness often associated with the 
antiemetics and vestibular suppressants might increase 
an older adult's risk of falling. Vestibular suppressants, 
which are typically used to manage symptoms in per- 
sons with acute vestibular disorders, may slow vestibular 
compensation (70). Venosa and Bittar (71), in a prospec- 
tive trial, suggest that persons who performed exercises 
acutely (symptoms that began less than 5 days prior to 
the start of the study) were less likely to use medication 
at 3 weeks than those who were not provided vestibular 
exercises. Patients in the vestibular exercise group had a 
greater number of normal Fukuda step tests and normal 
post head shake testing. Three weeks post exercise, 13% of 
the vestibular exercise group and 82% of the control group 
were taking medication daily (71). Medication for central 
vestibular disorders is effective (70). 

Early vestibular exercises in persons with an acute ves- 
tibular disorder resulted in better Dizziness Handicap 
Inventory (DHI) scores (72), less anxiety, less reliance on 
visual cues, and better gait (73). Quality of life scores, as 
measured by the Medical Outcomes Study Short Form 
36, improved after vestibular rehabilitation in persons 
with acute vestibular disorders (8,52). Perceived dizziness 
also has been noted to improve after a trial of vestibular 
physical therapy (52). Animal studies have suggested that 
there may be a critical period whereby immobilization 
had a negative impact on recovery from a vestibular deficit 
(74,75). People with peripheral vestibular disorders who 
underwent balance exercises within 6 months of onset had 
much better disability scores than those who presented 
after 6 months (8). 

Dizziness severity and quality of life measures were pre- 
dicted by when the balance exercises were initiated, with 
earlier onset relating to less dizziness and better quality 
of life measures (8). A delay in the onset of Cooksey- 
Cawthorne (vestibular) exercises led to worse scores in all 
cases studied, and late onset of exercise was considered 
to be a negative predictor for recovery (8). Early exercise 
in persons with peripheral vestibular disorders resulted 
in fewer symptoms at 3 weeks compared to a no-exercise 
control group (66,73). Also, people with late intervention 
for BPPV were mote likely to experience residual dizziness 
within a 3-month period (76). 

In summary, early exercise appears to decrease dizzi- 
ness, prevent long-term complications such as anxiety, 
improve quality of life, possibly decrease the patient's 
chance of falling, and improve balance confidence. In 


addition, customized exercises appear to be more effec- 
tive than a generic exercise program or no exercise (28,77). 
Acute physical therapy intervention for the person with 
dizziness and balance dysfunction appears to be a safe and 
efficacious treatment for persons with vestibular disorders 
(39,66). 
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After the person presents to the physical therapist, an 
in-depth examination begins with a thorough history of 
the dizziness. Just as in the physician’s examination, the his- 
tory is critical for the physical therapist in determining the 
optimal interventions. Sharing pertinent health informa- 
tion, examination results, and laboratory findings with 
the treating therapist will expedite and enhance patient 
care. Typically, the therapist will ask the patient questions 
regarding the frequency, duration, timing, and intensity of 
the symptoms; other comorbid medical conditions; medi- 
cations; requirements of work; and living status (78). 

Positions or movements that increase or decrease symp- 
toms are very important in developing the treatment plan 
for the person with a vestibular disorder. Often, questions 
are asked related to movements that increase dizziness 
such as bending, getting out of bed, or even walking in a 
grocery store. A quick neurologic exam is also performed 
to assess the integrity of the smooth pursuit and saccadic 
eye systems and cranial nerves II, IV and VI. The integrity 
of the VOR, VOR cancellation, and the vergence system are 
also clinically assessed. The therapist may perform the head 
thrust test (79-85), dynamic visual acuity (35-37,85-90), 
and vibration-induced nystagmus test (91-94). All of the 
above assist the therapist in treatment planning and deter- 
mining if additional testing is required as some patients 
may be self-referred or have not seen an otolaryngologist 
prior to seeing the physical therapist. 

Strength, range of motion, sensation, and coordination 
are assessed at baseline. Range of motion of the cervical 
spine is particularly important to determine prior to per- 
forming the Dix-Hallpike maneuver. The physical therapist 
performs the Dix-Hallpike and the roll test ideally with 
infrared goggles, to determine if the patient has BPPV. If 
the Dix-Hallpike or roll test are positive, the appropriate 
canalith repositioning maneuver (CRM) will be performed 
based on the patients health and medical comorbidities. 

Balance testing is an integral part of the typical physical 
examination including Romberg, semitandem standing, 
and tandem standing. Semitandem standing consists of 
having the patient stand with one foot in front of the other 
but not heel to toe. It is a transitional balance test between 
standing feet together (Romberg position) and heel to 
toe (tandem standing) and is often a difficult position for 
older adults to maintain. The patient's gait, as described 
above, will be assessed, and determination will be made 
whether an assistive device is in order to improve gait and 
safety. An attempt is made to avoid providing an assistive 


device unless it is necessary, as many older adults will never 
stop using the assistive device once it has been prescribed. 
Persons who often do need an assistive device are those 
with bilateral vestibular loss because they fall frequently 
(95), especially on uneven surfaces or low light/no light 
conditions. If the person is very frail and afraid of falling, 
occasionally a rollator walker will be suggested. Rollators 
have four wheels, brakes, and a seat. The rollators allow 
patients to walk safely at a much faster gait speed than a 
standard walker. Gait speed has been shown to be an over- 
all indicator of health (96). Walking at a more normal 
speed may have long-term cardiovascular and respiratory 
benefit. Standard canes are also used to provide support for 
persons with vestibular disorders and have been shown to 
decrease postural sway (97). 

Once the examination is complete, the physical thera- 
pist will develop a plan of care. Patients are seen any- 
where between one and three times per week, with frailty, 
depression, light sensitivity, a history of migraine, fear of 
falling, and anxiety being important factors in how often 
the patient is seen. Persons who are afraid to exercise, who 
are depressed, or very anxious may be unable or unwill- 
ing to perform the exercises at home without supervision/ 
encouragement. 

Patients are provided with written home exercises to 
perform between visits in order to speed their recovery. 
Typically the number of exercises provided is kept within 
reason, as patients often have difficulty finding the time to 
perform the exercises at home, especially if they are cur- 
rently working. Often the therapist will attempt to build 
the exercise program into the patient’s daily routine, such 
as standing on one leg while washing the dishes. Even 
retired adults will complain if it takes too long for them 
to perform the home exercise program, so patient educa- 
tion and negotiation is often required in order to have 
the patient “buy into” performing the exercise program 
at home. The therapist attempts to “dose” the exercises 
appropriately so that the movements increase the patient’s 
symptoms, yet do not disable them. 

If the exercise prescription is too aggressive, the patient 
will become too dizzy or might become fearful of the fall- 
ing during the exercise and will stop performing the exer- 
cises. If the program is too easy, it will not be effective at 
maximizing the patient's recovery. Therapist experience 
and dialogue with the patient will maximize the interac- 
tion resulting in an exercise program that is individualized 
and appropriate for the patient. Individualized exercise 
programs appear to be superior to generic exercise pro- 
grams and better meet the needs of the patient (77). 

Exercises consist of eye/head movements in every con- 
ceivable position progressing to gait, exercises that incor- 
porate head movements during gait, and standard balance 
exercises. Most people are asked to begin a walking pro- 
gram in order to increase their endurance, strength, and 
tolerance to movement. Exercises can be simple or very 
complex. A simple example might include having a person 
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stand on one leg progressing to standing on one leg while 
tossing a ball or moving the head to the right and left fol- 
lowing a moving target with the eyes and/or head. Exercises 
are individualized based on the patients’ comorbid medi- 
cal conditions and physical/mental health. 


COMMON OUTCOME MEASURES 
UTILIZED IN VESTIBULAR 
REHABILITATION 


The DHI is often used to quantify subjective impairment 
and to report changes over time in the self-perceived hand- 
icapping effects of dizziness (72). Scores range from 0 to 
100 with 0 the best score and 100 the worst score possible. 
Change of 18 or more has been suggested to be clinically 
significant (72). Scores of greater than 60 on the DHI have 
been related to increased reports of falling (98). 

Balance confidence is also frequently reported as an 
outcome measure. Generally when patients feel less dizzy 
and have better self-reported dizziness, they are better. The 
Activities-specific Balance Confidence (ABC) scale is the 
most commonly used balance confidence measure used 
with persons with dizziness (99). For the ABC scale, a per- 
centage score is reported that ranges from 0% to 100% 
with 100% the best score and 0% the worst score. Scores 
of 67% or lower on the ABC appear to represent significant 
fall risk (100). 

Verbal and visual analog scales (101) are also frequently 
reported as outcome measures, which should improve as 
the patient begins to feel better (less dizziness, improved 
balance, and better quality of life). The analog scale scores 
can be compared across time to suggest that the patient 
is feeling worse, the same or better as a result of the 
intervention. 

Measures of gait and balance often used include the 
dynamic gait index (DGI) (102), gait speed (96), the func- 
tional gait assessment (FGA) (103,104), the clinical test 
of sensory integration and balance (CTSIB) (105), the 
Timed Up and Go test (TUG) (106,107), the five times sit 
to stand test (FISST) (108), and simple measures such as 
timed standing in Romberg, single-leg stance or tandem 
Romberg (67,78). The DGI includes eight walking tasks, 
two of which require head movements in the pitch and 
yaw planes. Scores are based on an ordinal scoring algo- 
rithm with 24 the optimal score. Scores of 19 or less have 
been related to increased fall risk (109,110). 

Gait speed is probably the best overall gait measure, 
as slower gait speed has been related to increased mortal- 
ity and morbidity and shortened life expectancy (96,111). 
According to Studenski et al. gait speed, age, and gender 
are the optimal combination for predicting life expectancy. 
Patients who walk slower are also at greater risk for falling. 
Often one of the goals of the physical therapist interven- 
tion is to increase gait speed. 

The FGA includes many of the original DGI items but 
was designed to be more difficult with the inclusion of 
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walking with eyes closed, walking backward, and walking 
heel to toe. Scores on the FGA vary between 0 and 30 with 
30 the optimal score. Scores of <22 demonstrated the opti- 
mal sensitivity and specificity for fall risk (103). Scores <22 
indicate that the person is at risk for falling. 

The modified CTSIB is often performed in the physician 
office as well as by the physical therapist to determine fall 
risk and to assess vestibular function (112,113). The modi- 
fied CTSIB includes standing in the Romberg position eyes 
open and closed plus standing on foam eyes open and 
closed (114). Persons who fall on foam are more likely to 
fall when walking on uneven surfaces. The modified CTSIB 
should be performed with caution because many patients 
fall off the foam. Careful guarding is required in order to 
assure that the patient and physician are safe while per- 
forming the examination. Cass et al. (114) suggested tim- 
ing how long the person can maintain each of the four 
positions. 

The TUG is a simple measure of balance that has been 
related to increased fall risk. The patient stands from a 
chair with armrests upon command and is asked to walk 
at their normal pace 3 m, turn, and return to sitting in the 
chair. Scores of 13.5 seconds or longer have been related 
to falling in older persons (115), and a score of 11.1 sec- 
onds has the optimal sensitivity and discriminative proper- 
ties in persons with vestibular disorders (107). The TUG 
is extremely easy to test because one only requires 3 m of 
space, a chair with armrests, and a stop watch. Patients can 
perform the test with an assistive device (cane, walker). 
Generally, persons who present to the clinic with a cane or 
walker are more likely to have fallen, so careful guarding is 
advised in examining those patients who present with an 
assistive device. 

The FISST has been used to determine lower extremity 
strength and balance in persons with vestibular disorders 
(108). They are asked to stand as quickly as they can five 
times from a standard height chair (116). The test provides 
a good overall measure of function (116), especially in 
older persons with vestibular disorders. 


Factors That Might Affect Recovery 


Age does not seem to specially relate to recovery after ves- 
tibular insult. In a study by Jung et al. (117) persons over 
the age of 70 with dizziness complaints either received 
vestibular exercises (n = 103) or no treatment (n = 46). 
Significant improvements in dizziness and balance confi- 
dence were noted in the treatment group at both 3 weeks 
and at 3 months compared to the no intervention group. 
Comorbid factors often associated with aging such as dia- 
betes, peripheral neuropathy, macular degeneration, glau- 
coma, impaired sensation, or restricted ability to move may 
affect compensation and recovery. Other factors not associ- 
ated with aging that can also slow or hinder rehabilitative 
progress includes former eye surgery, a strabismus, a his- 
tory of migraine, use of vestibular suppressants, avoidance 


behavior, and certain psychiatric conditions (obsessive 
compulsive disorder, anxiety) (8,118-121). 

Persons with migraine may have difficulty with fast head 
movements and become nauseous more quickly than others. 
A history of motion sickness early in life may be associ- 
ated with subsequent migraine. Persons who are prone 
to motion sickness often have more difficulty performing 
eye/head exercises. Care must be used in order to dose the 
intervention to allow for adaptation but to prevent the per- 
son from becoming ill with nausea, dizziness, or vomiting 
during or after the exercises. People who are afraid to move 
are also more difficult to treat, as exercise and movement 
appear to be the most efficacious way to promote recovery 
in the person with a vestibular disorder. 

Persons with anxiety can be a challenge to treat. 
Psychologic factors appear to influence how people respond 
to and perceive dizziness (122). Anxiety appears to 
increase dizziness and distress, especially with movement. 
Fear of being dizzy and anxiety can trigger autonomic 
reactions that are very disturbing to the patient including 
increased heart rate and sweating. It appears that there is 
a link between anxiety and dizziness (123), with anxiety 
increasing the patients’ symptoms. At times, psychotherapy 
and vestibular rehabilitation are combined for optimal 
effectiveness. Cognitive behavioral therapy has also been 
shown to be effective in decreasing dizziness symptoms in 
persons with chronic uncompensated peripheral vestibular 
disorders (41). 


PERIPHERAL VESTIBULAR DISORDERS 


Benign Paroxysmal Positional Vertigo 


In the case of BPPV, repositioning maneuvers are effective, 
improve quality of life, and improve gait speed in people, 
especially older adults (124,125). Those who had late inter- 
vention for their BPPV were more likely to experience resid- 
ual dizziness within a 3-month period (76). Although BPPV 
often resolves within a median of 2 weeks (126), sick days, 
physician visits, and interruption of ADL were frequently 
reported (126). In some patients with BPPV, use of the CRM 
is the only intervention that is effective. It is unusual but 
we have seen people who have had BPPV for over 20 years 
without relief of symptoms before the appropriate diagno- 
sis was made and treatment provided. The financial costs 
to make the diagnosis of BPPV can be very high. In 2000, 
the average cost to make the diagnosis of BPPV was $2,684 
(127). Polensek and Tusa (128) reported that the num- 
ber of diagnostic tests to identify BPPV had not changed 
even with better education about vestibular disorders, but 
costs had increased between 2003 and 2008. Based on two 
recent practice guidelines by the Academy of Head and 
Neck Surgery and the Academy of Neurology, reposition- 
ing maneuvers for BPPV are very effective and safe (68,129). 
Thus, rendering a correct diagnosis quickly with appropriate 
treatment obviates costly and prolonged testing. 


The Epley maneuver has been clearly illustrated by 
Furman and Cass (130) and can be quickly performed 
in the office setting after a positive Dix-Hallpike maneu- 
ver had determined the involved ear. The Epley maneuver 
involves rotating the head 45 degrees to the involved side 
and extending the head 20 to 30 degrees over the edge of a 
bed or table. The persons head is then rotated 90 degrees to 
the opposite side while maintaining neck extension, then 
rotated toward the floor, and to complete the maneuver 
the person is sat up. Each position is generally maintained 
until the nystagmus stops. Posttreatment instruction, 
including head restrictions, do not appear to affect out- 
come as reported in a recent meta-analysis (131). 

BPPV is commonly seen in older persons. Imai et al. 
(132) reported that the mean age of their subjects (n = 108) 
was in their sixth decade of life. Seventy-seven percent of 
their subjects were between 51 and 80. In persons with pos- 
terior canal BPPV, it took a mean of 39 day for resolution of 
their symptoms without intervention (132). Persons with 
horizontal canal (HC) BPPV had resolution of their symp- 
toms within 16 days + 19 without intervention. Imai et al. 
(132) also reported that more than 50% of their patients 
within 3 days of onset of the BPPV had a hospital ER visit 
associated with their symptoms, suggesting that having 
BPPV had a significant cost to the medical system. 

There was good evidence in a recent systematic review 
that the Epley maneuver is effective at resolving vertigo 
associated with BPPV (133). In a sham versus CRM study, 
the CRM was more effective than the sham treatment 
(134). Others have suggested in a systematic review and a 
meta-analysis that BPPV improved with the CRM (33,135). 
In other randomized trials, the CRM was effective at elimi- 
nating the vertigo/dizziness associated with a change of 
position when compared to a control group (22,136,137). 

It appears that HC BPPV may resolve spontaneously 
more quickly than posterior canal BPPV in a group of 
persons with relatively acute BPPV (1,132,138). They 
also noted little difference between those treated with the 
Lempert maneuver for HC BPPV versus those who were 
not treated for HC BPPV (138). HC BPPV is under 10% of 
the presenting cases of BPPV (68) and can occur as debris 
moves from the posterior canal into either the horizontal 
or anterior canal while performing the Epley maneuver for 
the posterior canal (139). Patients are highly symptomatic 
if the debris moves from the posterior to the HC during 
a repositioning with significant nystagmus and nausea 
reported with the canal conversion. If the debris moves 
from the posterior to the HC, we often finish the reposi- 
tioning maneuver and attempt to have the patient return to 
the office the next day or within a few days, especially if they 
are older. They are usually too symptomatic to attempt to 
reposition again during the session. Generally, upon return 
to the clinic, the HC BPPV has resolved. Reassessment to 
determine if the patient has either posterior or HC BPPV is 
necessary in order to determine what intervention will be 
most efficacious. 
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There were significant differences in patient complaints 
in those treated with the modified Epley versus those 
who were untreated for posterior canal BPPV (138). 
Asawavichianginda et al. (140) reported that 84% of 
people with a positive Dix-Hallpike test were asymptom- 
atic without intervention at 3 months, yet there are some 
patients with coexisting migraine or psychiatric disorders 
who continue to have psychiatric symptoms from the ves- 
tibular disorder 1 year after onset (141). Even those treated 
for BPPV successfully may have remaining dizziness symp- 
toms, possibly because they have comorbid vestibular 
pathology (142). Those patients with remaining dizziness 
and balance dysfunction after the CRM who have a nega- 
tive Dix-Hallpike maneuver often benefit from physical 
therapy intervention. 

White et al. (124) reported in a systematic review 
that repositioning maneuvers are effective and improve 
quality of life, especially in older adults who experience 
BPPV. Immediately following repositioning therapy, 
many patients had resolution of disrupted perceptions 
of subjective visual vertigo (143) and improvement in 
their gait speed (125). These improvements suggest that 
the CRM changes a person’s perception of “earth vertical” 
and their gait. However, persons with BPPV, especially 
older adults, may have disruption in their postural con- 
trol system after repositioning and need a “tune up” of 
their balance before they are truly back to their baseline 
status, which may take a few days up to a few months post 
repositioning (10). 

A recent publication suggests that after the CRM there 
were less reported falls 12 months post repositioning 
(144). Overall, the CRM performed by either the physi- 
cian or the physical therapist appears to improve quality 
of life, decrease or eliminate dizziness, improve postural 
stability and gait, plus decrease the number of reported 
falls. Even for the physician who is very comfortable 
diagnosing and treating BPPV, there are certain situa- 
tions in which the involvement of a vestibular physi- 
cal therapist can be quite helpful. These would include 
persons with bilateral BPPV, morbid obesity, significant 
kyphosis or severe restrictions of motion in the neck, 
and recalcitrant BPPV with need for very frequent 
repositioning. While some studies suggest that CRM is 
equally successful in older persons (145), other studies 
point to a lower improvement rate in older persons and 
suggest that a combination of CRM and vestibular reha- 
bilitation may improve outcome in older persons with 
BPPV (146). 

Many patients, after repositioning, experience changes 
in their postural control (10). Recent evidence suggests 
that gait changes immediately after repositioning, yet older 
adults may complain of postural deficits up to 3 months 
post repositioning (10). A follow-up with a physical thera- 
pist is advised to ensure that the CRM was effective and 
that the person’s balance has improved enough that the 
person is not at risk for falling. 
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Vestibular Neuritis 


Exercises that promote VOR adaptation, substitution, and/ 
or habituation are used to facilitate recovery of the VOR 
in persons with vestibular dysfunction (78,147-153). It is 
believed that eye/head movements with a focused target 
creates an error signal that allows the CNS to adapt result- 
ing in less dizziness (152). Saccadic corrections are also 
made to minimize the error signal (147). Habituation, 
whereby patients are asked to move into and out of situa- 
tions that provoke their symptoms, is also utilized (153). 
In addition, balance, flexibility, gait exercises, patient edu- 
cation, plus eye/head movements as noted above are per- 
formed as part of the therapy program (15,67,78). Most 
patients are seen one to two times per week initially (67). 
Persons with central vestibular disorders appear to take 
longer to recover (67). Total recovery for either peripheral 
or central vestibular pathology is unlikely, as Bowman has 
reported that even well compensated persons with uni- 
lateral peripheral vestibular dysfunction continue to have 
some functional deficits (118). 

Strupp and Brandt (83) have suggested that persons 
with vestibular neuritis can develop persistent postural ver- 
tigo resulting in avoidance behavior. Avoiding movement 
most likely slows the rehabilitative process in humans. In 
the baboon animal model, Lacour et al. (154) have sug- 
gested that lack of movement can inhibit vestibular com- 
pensation. In older adults, avoiding movement could 
create additional functional limitations beyond those asso- 
ciated with the original vestibular deficit. Patients who are 
afraid to move because it makes them dizzy may develop 
neck stiffness and pain, decreased physical endurance, and 
decreased quality of life as a result of their self-imposed 
sedentary lifestyle. In a randomized trial, Strupp et al. (62) 
reported significant differences in postural control in those 
enrolled in a vestibular rehabilitation program compared 
to a control group (66). 

In a recent randomized trial in 40 persons with an acute 
vestibular neuritis with a positive head thrust test and third 
degree nystagmus on admission, Teggi et al. (73) reported 
that early vestibular exercises resulted in better DHI scores, 
less anxiety, less reliance on visual cues, and better DGI. 
The exercise group means DHI, anxiety, and DGI scores 
were all “better” than the control subjects group outcome 
means at 25 days post onset of the exercise program. Early 
rehabilitation may help to decrease secondary complica- 
tion such as fear of falling, neck stiffness, and anxiety 
about experiencing dizziness with movement. 


Meniere Disease 


Persons undergoing medical management for Meniere 
disease who complain of being unsteady between ver- 
tiginous attacks appear to benefit from vestibular physi- 
cal therapy (31). It is more difficult to treat fluctuating 
disorders, yet postural control can be enhanced with an 


exercise program. Patients undergoing surgical or chemical 
(intratympanic gentamicin) ablation of vestibular function 
for Meniere disease can also benefit from early vestibular 
physical therapy (13,48). 


Bilateral Vestibular Hypofunction 


Bilateral vestibular hypofunction is often extremely dis- 
abling (12,25,43,64). While some affected persons can 
derive significant benefit from vestibular physical therapy, 
in others improvement may be limited. Gillespie and 
Minor (155) studied 35 patients with bilateral vestibular 
hypofunction who underwent vestibular physical ther- 
apy. Improvement was noted in 18 patients (51%) and 
12 (34%) showed little or no change (155). Similar 
findings have been reported by others (12,43). Patients are 
often able to be taught to stand on uneven surfaces but 
continue to have difficulty in low or no light conditions. 
Patients with bilateral vestibular loss may require the use 
of an assistive device such as a cane or rolling walker to sta- 
bilize their gait (12,78). Those patients with total bilateral 
vestibular loss will continue to have complaints of oscil- 
lopsia with head movement and fall frequently (95). New 
technologies such as vibrotactile stimulation (156,157) 
and vestibular implants (158-161). (see Innovations sec- 
tion below) are expected to open new avenues of treatment 
for this challenging disorder. 

Overall, changes in dizziness, balance, gait, and quality 
of life have been documented post vestibular rehabilitation 
in persons with peripheral vestibular disorders. Table 168.1 
provides a summary of vestibular rehabilitation studies 
with peripheral and central diagnoses reported in the lit- 
erature plus subjective and objective outcomes from the 
vestibular rehabilitation interventions. 


CENTRAL VESTIBULAR DISORDERS 


In a prospective, randomized controlled trial (n = 53), 
an early customized vestibular rehabilitation exercise 
program in older adults (age greater than 50 years) 
post acoustic neuroma resection was more effective at 
enhancing postural control at 3 months and was main- 
tained at 1 year compared with those who were provided 
general instructions. A new concept in the literature is 
“PREHAB,” whereby Magnusson et al. (48) have sug- 
gested that they are able to get people back to work faster 
by initiating rehab exercises before vestibular ablation 
(179). The “PREHAB” program was first implemented in 
subjects undergoing gentamicin treatments for Meniere 
disease and then adapted for use in patients with ves- 
tibular schwannomas with residual vestibular function. 
The latter patients were pretreated with gentamicin and 
vestibular exercises prior to undergoing translabyrinthine 
resection of cerebellopontine-angle tumors (48,179). 
Separating the vestibular ablation temporally from sur- 
gical resection allowed time for vestibular compensation 


TABLE 


Patient Diagnosis 


BPPV 

Unilateral vestibular disorders 

Chronic peripheral vestibular 
dysfunction 

Bilateral vestibular dysfunction 

Vestibular neuritis 

Post-acoustic neuroma resection 

Meniere disease 

Anxiety associated with vestibular 
disorder 

Cervical vertigo 

Head injury 

Cerebellar disease and 
dysfunction 

Multiple sclerosis 

Parkinson's disease 


cope with dizziness (174) 


(25,26) 
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COMMON VESTIBULAR DIAGNOSIS AND OBJECTIVE/SUBJECTIVE IMPROVEMENTS 
ui-y: 3) THAT HAVE BEEN REPORTED IN THE LITERATURE 


Noted Improvement with Vestibular Physical Therapy 


Subjective report of vertigo (16,54,134,146,162-164), nystagmus (16,146), quality of life (162) 
Fall risk (32,109), vision (32,37,64) balance (165,166), quality of life (52) 
VOR gain and dizziness (14,167), standing balance (28,52,168), emotional status (i.e., anxiety) (169) 


Postural control (7,12,43), gait speed (12,43), dizziness (7,12,43), vision (36) 

Ocular torsion (i.e., nystagmus (62)), postural contro! (35,62), ambulation skills and gait (15) 
Postural control (35,170,171), dizziness (172), motion sensitivity (35) 

Self-report of symptoms (31), Balance (31), Dizziness, motion sensitivity (53) 

Anxiety (173), subjective report (40), postural control (163), presence of nystagmus and ability to 


Postural stability (42), decreased neck pain (175), intensity of dizziness (42,175), postural sway (42) 
Gait improved (29), postural stability (29,63), less dizziness (34), gaze stability (30) 
Self perception of symptoms (25,26), postural control (25,26), gait (25), decreased risk of falling 


Subjective report of dizziness and postural control (176,177) 
Subjective complaint of vertigo (178) 


@Medline search on July 27, 2010 revealed 512 papers on the search word “BPPV.” Search was limited to randomized controlled trials in the past 
10 years for the same search word and 17 papers were identified. Afterward, only relevant papers were chosen. Used with permission: Airwaily M, 
Whitney SL. Vestibular rehabilitation of older adults with dizziness. Otolaryngol! Clin North Am 2011;44(2):473-496. 


preoperatively leading to more rapid recovery (48,179). 
In a different surgical study, Cohen et al. (17) found 
that early postoperative vestibular rehabilitation did 
not affect vestibular compensation following acoustic 
neuroma surgery. 

Persons with traumatic brain injury with vestibular 
dysfunction appear to benefit from a vestibular rehabilita- 
tion program (173). Persons demonstrated improvements 
in postural control, vertigo, and anxiety symptoms plus 
decrease in their perceived handicap. There is recent evi- 
dence to suggest that vestibular physical therapy may be 
effective in persons post concussion, who complain of 
balance or dizziness regardless of age (6). Vestibular rehabil- 
itation also appears to be effective in persons with migraine 
dizziness (120,121), stroke (180), and even in persons with 
cerebellar disorders (26,180). 

On many occasions, otolaryngologists evaluate dizzy 
persons with normal central and peripheral vestibular 
function based on the exam and/or vestibular testing or 
with vestibular pathology that does not have a medical 
treatment, that is, disequilibrium of aging, nonspecific diz- 
ziness. It is important to recall that even in the absence of 
objective vestibular pathology, vestibular physical therapy 
and, particularly, enrollment in an exercise program, has 
been demonstrated to decrease symptoms and, impor- 
tantly, fall risk in dizzy persons (117,181). Regardless of 
whether objective vestibular pathology is identified, per- 
sons with a history of muscle weakness, previous falls, 
gait or balance deficit, or use of assistive devices should be 
referred for fall risk assessment and enrolled in an exercise 
program (181). 


INNOVATIONS IN VESTIBULAR 
REHABILITATION 


New advances in vestibular rehabilitation include the use 
of vibrotactile feedback, an implantable vestibular prosthe- 
sis, and the use of virtual reality to augment recovery after 
a vestibular deficit. Vibrotactile feedback was designed 
as a prosthetic device to assist with postural control 
(156,157,182-186) as a result of vestibular loss, injury, or 
aging. The devices currently in use typically “vibrate” the 
person’s trunk (similar to the vibration that is typically felt 
from a cell phone) when they have exceeded some pre- 
set limit of stability (Fig. 168.1). The prosthesis has been 
shown to enhance postural control during standing and 
some preliminary works suggests that there are improve- 
ments during gait (157,183). Persons with unilateral 
vestibular disorders appear to be able to process the infor- 
mation and demonstrated greater accuracy of stepping and 
reduced trunk tilt with the device on (182). More study 
is required to determine if this type of technology can be 
used during gait and out in the community. Wall et al. 
(157) has suggested that vibrotactile feedback may assist 
in falls prevention for older adults, especially for persons 
with bilateral vestibular dysfunction who are at greater risk 
for a fall. 

The development and implementation of an implant- 
able vestibular prosthesis is moving forward and will 
have significant implications if they are as effective as the 
cochlear implant. Several centers around the world are 
working on the technology to provide a vestibular signal 
to persons with vestibular dysfunction (159-161). The 
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Figure 168.1 The vibrotactile device designed by Wall to 
provide feedback to persons lacking adequate vestibular inputs. 
Picture courtesy of Conrad Wall, PhD. 


Hopkins Multichannel Vestibular Prosthesis (159) relies 
on three gyroscopes that are oriented orthogonally to 
capture head motion in the yaw, pitch, and roll planes. A 
microprocessor sends signals from the gyroscopes to elec- 
trodes implanted in the appropriate semicircular canals 
allowing stimulation of the ampullary nerves. Externally 
implanted devices have been tested in animal models with 
bilateral vestibular hypofunction and show promising 
results in terms of restoration of the VOR while preserving 
hearing (159,158). Challenges that remain in implement- 
ing this technology include miniaturization of the gyro- 
scopes, enhancing the battery life and controlling current 
leak that leads to unwanted stimulation of adjacent ampul- 
lary nerves (159). 

Recent evidence suggests that persons with vestibular 
disorders often complain of symptoms when there is high 
visual contrast and motion in the periphery (58,187). This 
motion-provoked dizziness phenomena has been called 
visual vertigo, space and motion discomfort, and also 
chronic subjective dizziness by various authors (188-190). 
Motion provoked symptoms are often seen in persons with 
a history of migraine and may be associated with persons 
who have anxiety or panic disorder (123,191-193). Staab 
et al. (194,195) have reported that selective serotonin 


reuptake inhibitors (SSRIs) were more effective in this 
patient population than benzodiazepines or vestibular 
suppressants. It is very difficult and sometimes impossible 
to treat persons with space and motion discomfort without 
medication. They complain of having difficulty walking in 
certain stores, in buildings with high ceilings and walls, 
in large open areas, or when challenged by movement in 
the periphery of their vision. These environments often 
escalate their symptoms, and over time, because of their 
increased symptoms, they avoid situations that promote 
their dizziness. Recent evidence suggests that some patients 
with uncompensated vestibular disorders with chronic 
subjective dizziness are more difficult to treat (190). It 
appears that vestibular rehabilitation in combination with 
pharmacologic management of their motion-provoked 
symptoms is optimal for management (190). 

There are several physical therapy treatment inter- 
ventions that have been designed to attempt to address 
these space and motion symptoms including exposure 
to more compelling visual scenes (58,59), virtual reality 
(196-205), and even the use of a disco ball to habituate 
and reprogram the CNS to be able to appropriately dose 
the exposure without an increase in dizziness and/or anxi- 
ety. Although physical therapists are not psychotherapists, 
there are components of their intervention programs 
that are very similar to psychotherapy that are used with 
patients with vestibular dysfunction. 

Exposure therapy is one example of a treatment interven- 
tion that is shared between the two professions. Shopping in 
malls and grocery stores is an example of an activity that is 
very difficult for many patients with space and motion symp- 
toms—it is unclear what factors within this environment 
increase the patients symptoms but it often is a subjective 
complaint in this subset of persons with chronic uncompen- 
sated vestibular disorders (187,198). Physical therapists will 
often ask patients to go to the edge of a shopping mall or 
to push a grocery cart within a store and over time will ask 
them to spend more time in the provocative environment. 
Eventually the patient is asked to move their heads and to 
move into more difficult areas of the store or mall as they 
improve with the goal of being able to move freely about the 
provocative environment without symptoms. 

Virtual shopping environments have been designed in 
order to slowly progress patients exposure to habituate the 
patient to the environment that provokes the symptoms 
(Fig. 168.2) (196,199,206). Often patients learn to avoid 
the situations, thereby stopping all exposure to the symp- 
tom-inducing environments. There are some patients with 
uncompensated vestibular disorders, that when asked, will 
report that they are unable to enter a grocery store or large 
box stores where the ceilings are very high. Virtual environ- 
ments and provocative scenes may promote habituation 
to the symptom-provoking scenes and over time decrease 
their symptoms. Pavlou et al. (58) have attempted to pro- 
mote symptom reduction through visually provocative 
scenes as part of a home exercise regimen and also with 


Figure 168.2 The person is ambulating in a virtual grocery store, 
which provides habituation of the response to the visual stimuli 
that increase the symptoms after a vestibular disorder. 


a program where they attend sessions in the clinic and 
perform the exercises under the supervision of a physical 
therapist. The investigators have noted that even motivated 
persons do not comply well with a home exercise program 
without supervision and that patients must be slowly pro- 
gressed with more provocative scenes in order for them to 
improve. 

As with all aspects of exercises with patients with vestib- 
ular disorders, the physical therapist must carefully moni- 
tor the increase in symptoms that the exercises induce. If 
the patient becomes too symptomatic, the following can 
occur: they can become incapacitated from the symp- 
toms and will stop exercising, they may become ill, or 
they become fearful of becoming ill again and limit their 
activity. Careful regulation of the “dose” of the exercise 
is required for optimal compliance and also for optimal 
recovery. Tool little movement may do little to nothing for 
the patients’ recovery and too much eye/head movement 
may be detrimental for their well-being and recovery. If the 
exercise dose or exposure is too much, some patients may 
refuse further care or their anxiety may be increased, nei- 
ther of which are good alternatives for the person with a 
vestibular disorder. 


Working Together to Enhance Care 


Patients with vestibular disorders need both good medical 
and physical therapy care. Working together as a team is 
the ideal situation for the patient, physician and physical 
therapist. It is not uncommon for patients to present to 
the physical therapist for dizziness even before seeing the 
physician as many physical therapists have been trained to 
triage for serious vestibular disorders. Developing a good 
working relationship can assist referrals going both ways- 
from the physician to the physical therapist and from the 
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physical therapist to the physician for testing, diagnosis, 
and medical management. A good relationship can assist 
the physician in better understanding if the medication 
prescribed is effective via the frequent progress reports from 
other team members. In addition, the physical therapist 
may suggest to the physician that medication might be in 
order for the vestibular exercises to be effective. If a patient 
becomes too symptomatic performing exercises, rehab will 
have little effect on the eye/head movement symptoms 
without some type of symptom control with medication. 

Persons with migraine or anxiety are particularly prone 
to needing medication for symptom control in order to get 
them to move more normally after a vestibular disorder 
(70,194,195). Those with migraine and anxiety appear to 
have a tendency to move less in order to minimize their 
symptoms. Persons with migraine-related dizziness may 
also have associated depression and panic disorder, with a 
higher prevalence in women than men and a poorer qual- 
ity of life (207-209). Through communication with the 
treating therapist, medication prescription and adjustment 
often optimizes care. 

Making decisions about return to driving is also often 
a shared task with the treating therapist, since the physi- 
cal therapist is very familiar with the patient’s functional 
capabilities. Driving is a concern to persons with vestibu- 
lar disorders, as in many societies not driving is associated 
with significant social isolation and severe economic con- 
sequences. Sindwani et al. (210) reported that in persons 
with vestibular disorders who were warned not to drive 
by their physician, 44% stopped driving, 52% drove more 
carefully and 4% drove as they usually did. Vestibular dis- 
orders do affect some person’s ability to drive, especially 
those with uncontrolled Meniere disease. Cohen et al. 
(211) have reported that patients with vestibular disorders 
while driving report difficulty with freeways, during a rain 
storm (most likely from the movement of the windshield 
wipers), in high traffic areas, with parking, with changing 
lanes, and with staying in a lane while driving. If the physi- 
cian is in doubt, a driver's examination may be in order. 
Certain physical therapists (Driving Rehabilitation special- 
ists) can assess the appropriate automobile driving skills 
and safety in those with complaints of constant or inter- 
mittent dizziness. Large rehabilitation centers often have 
driving simulators that can assist you in determining if it is 
safe for the patient to be driving. 

Return to work after a vestibular disorder is often one 
of the most difficult decisions to make as a physician. 
There are no clear cut criteria for return to work for the 
person with dizziness. The physical therapist can help 
with the decision about return to work. Careful consider- 
ation should be made for the following work situations: 
working around hazardous situations/machines, working 
alone, working at heights, working in deep water, working 
in environments that move, and when the safety of others 
is at risk (212). Job categories that might require special 
consideration include the armed forces, construction work, 
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factory jobs that require repetitive head movement, police 
and fire work, long and short distance hauling of materi- 
als/driving, pilots, and working on sea or river vessels. 

In summary, vestibular rehabilitation has been demon- 
strated to be effective in assisting in the recovery of per- 
sons with dizziness and balance disorders. A close working 
relationship between the physician and physical therapist 
facilitates expedient and effective patient care. 


m Vestibular rehabilitation is an effective intervention 
for persons with peripheral vestibular disorders. 

= Early referral for persons with peripheral vestibular 
disorders is optimal resulting in enhanced quality 
of life. 

= For vestibular hypofunction, anti dizziness medica- 
tion may slow vestibular compensation. 

m Customized exercise programs appear to be supe- 
rior to a generic exercise program. 

m Regardless of age, function can improve in patients 
with dizziness who actively participate in a program 
of vestibular rehabilitation. 

= A tailored exercise program delivered both at home 
and in the clinic facilitates recovery and reduces falls. 
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Regenerative Strategies 
for Overcoming Deafness 


Alan G. Cheng 


The mammalian organ of Corti comprises a complex but 
organized array of mechanosensitive hair cells separated by 
supporting cells (see Fig. 169.1). Upon mechanical stim- 
ulation, inner hair cells transmit neural signals to inner- 
vating spiral ganglia neurons, which in turn relay neural 
impulses to the central nervous system in a tonopic man- 
ner. Simultaneously, outer hair cells feed back mechanical 
forces to augment the sensitivity and frequency selectivity 
of the cochlea. The integrity of all of these cell types is criti- 
cal for auditory function. 

Etiologies of hearing loss include genetic disorders, 
acoustic trauma, aging, infection, and toxins such as ami- 
noglycoside antibiotics and the antineoplastic agent cisplatin. 
One common underlying pathology of hearing loss is 
degeneration of outer and/or inner hair cells. While hair 
cell-specific mutations, certain drugs (e.g., aminoglyco- 
sides and cisplatin) and noise are likely the primary cause 
for sensory hair cell loss, there are also scenarios in which 
hair cells degenerate in non-cell autonomous fashion. 
Such a pattern of cell loss has also been observed in lesions 
primarily involving the supporting cells such as gap junc- 
tion gene mutations (e.g., GJ/B2 encoding connexin 26) (1) 
or mutations that affect ion homeostasis in the stria 
vascularis (2). Because of the established causal relation- 
ship between hair cell loss and hearing loss, much effort 
has been devoted to investigate hair cell regeneration as a 
possible therapeutic intervention for hearing loss. 


In non-mammalian vertebrates such as fish, amphibians, 
and birds, sensory organs have the inherent capacity to 
replace lost hair cells. In fish, the lateral line organs are 
used to detect water movement and contain hair cells that 
are continuously turned over and replaced (3). Likewise, in 
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the vestibular organs in birds, sensory hair cells degenerate 
and regenerate at a steady state, and the degree of regenera- 
tion increases upon damage by aminoglycoside treatment, 
which has been investigated in the macula of utricle (4,5), 
suggesting that loss of hair cells induces a repair response. 
A similar regenerative response exists in the avian basilar 
papilla (hearing organ in birds), where researchers dis- 
covered recurrence of sensory hair cells initially lost from 
damage caused by aminoglycoside or noise (6-8). Indeed, 
these newly regenerated hair cells were innervated and 
hearing function was restored (9). Complex cortical func- 
tions including language acquisition requires intact neural 
connections between the cochlear end organ to higher cor- 
tical centers. When correlates of such learning ability were 
examined, song birds with regenerated cochleae that had 
initially been lesioned with aminoglycosides learnt and 
sang new songs (10). These lines of evidence indicate that 
in non-mammalian vertebrates, hair cell regeneration is 
part of the inner ear’s natural self-repair process. 

In recent years, researchers have built on the above ini- 
tial findings to delineate the mechanisms underlying hair 
cell regeneration. Using thymidine analogs to mark prolif- 
erating cells, the supporting cells in both the avian basilar 
papilla and utricles were found to generate new hair cells 
in two manners: via mitotic division or transdifferentiation 
(11). Transdifferentiation occurs when supporting cells 
directly acquire a hair cell phenotype without a preceding 
mitotic division. When the process of hair cell regeneration 
was examined in the avian cochlea after lesioning by ami- 
noglycosides, both processes significantly contribute to the 
repopulation of lost hair cells (11,12). Inhibitors of pro- 
liferation do not affect the degree of supporting cell trans- 
differentiation, suggesting that the two mechanisms may 
operate independently of each other (12). 

In the mammalian cochlea, loss of hair cells is per- 
manent and no spontaneous regeneration of hair cells 
has been observed. Unlike the cochlea, limited hair cell 
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Figure 169.1 Anatomy of the mammalian organ of 
Corti. The hearing organ consists of three rows of outer 
hair cells and one row of inner hair cells. Six subtypes of 
supporting cells have been described (inner phalangeal, 
pillar, Deiters’, Hensen’s, Boettcher, and Claudius cells). 
Figure © Stanford University. 


regeneration has been observed in mammalian utricles. 
Morphologic evidence suggests that new, immature hair 
cells appear after aminoglycoside damage in vitro (13,14), 
yet the lack of proliferation marker among these hair cells 
implies that they emerge via transdifferentiation, most 
likely from supporting cells. Recently, cells isolated from 
the mammalian utricular sensory epithelium were found 
to have stem cell properties, where they self-renew and 
were pluripotent (15), and may contribute to the regen- 
erative capacity of utricles. Cells with stem cell properties 
were also found in the neonatal (see section below), but 
not adult cochlea (16); mechanisms underlying this fun- 
damental difference between the mammalian auditory and 
balance organs are not completely understood. 

In cochlea damaged as a result of aminoglycoside 
administration, hair cell loss is accompanied by an initial 
preservation of adjacent supporting cells (17). Although 
expression of specific markers in surviving supporting cells 


Figure 169.2 Degenerated mammalian organ of Corti. 
After extensive hair cell loss, the epithelial integrity is 
maintained by the remaining supporting cells, which 
morphologically transform from a complex and pseu- 
dostratified organ into a mostly simple cuboidal epithe- 
lium. Figure © Stanford University. 


are mostly unaltered immediately after damage, the archi- 
tecture of the sensory epithelium successively transforms 
from pseudostratified and complex, via an intermediate 
cell mound with collapsed tunnel of Corti, into to a flat, 
monolayered epithelium (see Fig. 169.2). A modest loss 
of supporting cells was noted in long deafened cochleae 
(17-19). 

Aminoglycoside-induced hair cell loss is one of the 
best understood model systems for hearing loss/deaf- 
ness. Studies on this model of cochlear degeneration 
illustrate the dynamic cellular and architectural changes 
following hair cell degeneration, and allow the inves- 
tigation of various approaches aiming to regenerate 
hair cells. Yet it is important to note that this model of 
cochlear degeneration may differ, at least in part, from 
other causes of hearing loss such as those involving other 
cell types including mutations of the connexin or pen- 
drin genes (1,20). 
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NOTCH PATHWAY 


One key molecular pathway regulating hair cell differen- 
tiation is the Notch signaling pathway, which plays several 
roles during the development of many organ systems. In 
regenerating chicken basilar papilla, Notch ligand expres- 
sion is upregulated and inhibition of Notch signaling 
causes excessive regeneration of hair cells (21). This finding 
suggests that active Notch signaling functions to suppress 
supporting cells from acquiring a hair cell fate. However, 
Notch inhibition fails to induce extra hair cell formation 
from quiescent supporting cells in the undamaged avian 
cochlea, suggesting that a separate damage-induced signal 
is necessary. 

In the developing cochlear duct, hair cells and supporting 
cells share a common progenitor (22). During late embryo- 
genesis, Notch signaling pathway regulates the mamma- 
lian cochlea through a process termed lateral inhibition 
(reviewed in [23]). Developing hair cells express Notch 
ligands (24,25), which in turn activate Notch signaling in 
adjacent supporting cells. Active Notch signaling in sup- 
porting cells turns on the Hes and Hey genes and represses 
the expression of Atoh1, a gene critical for hair cell differen- 
tiation (see section below). Such an interaction is important 
in the formation of rows of hair cells intercalated by sup- 
porting cells (26). Similar to the avian cochlea, inhibition 
of the Notch pathway leads to ectopic hair cell formation in 
the embryonic and early postnatal mouse cochlea, indicat- 
ing that mammalian supporting cells have the potential to 
acquire a hair cell phenotype (27-30). Stringent analyses 
identified a subset of organ of Corti supporting cells capa- 
ble of directly differentiating into hair cells in the neonatal 
mouse cochlea: (a) inhibition of Notch signaling leads to 
excessive outer hair cells at the expense of Deiters’ cells, and 
(b) inhibition of both Notch and fibroblast growth factor 
(FGF) signaling causes formation of excessive inner hair 
cells from pillar cells (29,31). Together these experiments 
suggest that supporting cells can be coerced to become new 
hair cells, and raise the question whether they can also func- 
tion to replace lost hair cells under pathologic conditions. 

To gain insights into the role of Notch signaling in 
hair cell regeneration, researchers have studied the use of 
gamma secretase inhibitors, which are potent antagonists 
of Notch signaling by preventing cleavage and release of 
the intracellular domain on Notch receptors that is respon- 
sible for downstream gene regulation. In damaged chicken 
basilar papilla and the zebrafish lateral line system, both 
organs that spontaneously regenerate lost hair cells, 
Notch inhibition led to an increase in hair cell production 
(21,32). These observations suggest that events occurring 
during hair cell regeneration recapitulate those in develop- 
ment. 

Whether inhibition of Notch signaling can stimu- 
late hair cell regeneration in the mature mammalian 
cochlea has not been extensively examined. In one study 
where guinea pigs were deafened by aminoglycoside, 
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pharmacologic inhibition of Notch signaling has yielded 
limited ectopic hair cells without regeneration of outer or 
inner hair cells (33). Though discouraging, these results 
suggest that supporting cells in the mature organ of Corti 
have lost responsiveness to Notch inhibition. However, 
mechanisms underlying this loss of competence are cur- 
rently unknown and warrant further investigation. 


ATOH1 GENE THERAPY 


The basic helix-loop-helix transcription factor Atoh1 (also 
known as Math1) is one of the earliest markers for hair 
cell differentiation (34). In mutant mice lacking Atoh1, 
hair cells fail to develop, indicating that the gene is neces- 
sary for their genesis (35,36). To investigate whether Atoh1 
is sufficient to induce hair cell formation, several groups 
have examined the effects of Atoh1 overexpression in the 
developing and mature cochlea. When introduced in the 
developing otocyst in utero, cells transfected with Atoh1 
generated ectopic hair cells that are innervated and dem- 
onstrated mechanosensitivity, both cardinal features of 
functional hair cells (37). When Atoh1-expressing plasmids 
were administered to mammalian cochlear explants, inde- 
pendent studies have found ectopic hair cells in the greater 
epithelial ridge adjacent to the organ of Corti (36,38). 
These data suggest that defined cell populations in the 
embryonic and early postnatal cochlea can generate new 
hair cells when coerced to express Atoh1. Of note, new sup- 
porting cells are formed adjacent to the newly formed hair 
cells, likely as a result of inductive signals originating from 
these new hair cells (36). 

Using adenovirus vehicle to force express Atohl, 
Kawamoto et al. (39) found that limited nonsensory cells 
remain competent to be induced to form ectopic hair cells 
in the mature cochlea in guinea pigs. In a follow-up study, 
Izumikawa et al. (40) applied this intervention to the adult 
guinea pig cochleae 4 days following deafening by ami- 
noglycoside insults, and reported hair cell regeneration 
and subsequent improved auditory brainstem thresholds. 
However, no hair cell regeneration or functional recovery 
was observed when the Atoh1 gene was delivered 1 week 
after deafening from aminoglycoside/diuretic treatment, 
when the sensory epithelium was severely degenerated and 
on course to form a flat epithelium. While these results 
suggest that introducing genes important for hair cell dif- 
ferentiation, such as Atoh1, may hold promise as an inter- 
vention for deafness, the mixed outcomes of studies and 
the limited time window of opportunity, however, warrant 
further investigation to better understand this approach for 
future treatment. 


CELL CYCLE INHIBITION 


The postnatal mammalian organ of Corti is postmitotic. 
Studies using thymidine analog uptake have indicated 
that cells of the mammalian organ of Corti have gone 
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through the last phase of mitosis between embryonic day 
12.5 to 16 (41,42). Several cell cycle regulators are upreg- 
ulated during this period and are thought to be impor- 
tant to transition the proliferative prosensory region to 
differentiated organ of Corti. p27*?', a member of the 
cyclin-dependent kinase inhibitors, is expressed in the pro- 
sensory region (where hair cells first emerge) of the devel- 
oping cochlea and becomes restricted to supporting 
cells in the postnatal organ of Corti (42,43). Deficiency 
of p27?! leads to both increased and prolonged pro- 
liferation in the cochlea, as well as supernumerary hair 
cells (43,44). These mutant mice with extra hair cells 
have significant hearing loss and their cochleae exhibit 
distorted cytoarchitecture. When one of the downstream 
targets of cyclin-dependent kinase inhibitors, the retino- 
blastoma protein, is deleted (45,46), ongoing prolifera- 
tion of supporting cells and hair cells were observed in 
the late embryonic and postnatal ages, indicating that 
retinoblastoma is also required for cell cycle exit in the 
developing cochlea. Although these overproduced hair 
cells are mechanosensitive, a delayed degeneration and 
hearing loss were observed (45-47). These results high- 
light two major challenges underlying hair cell regen- 
eration: (a) preserving the intricate cellular organization 
and cell number in the organ of Corti is critical for its 
function; (b) signals inducing hair cell regeneration are 
probably different from those maintaining hair cell integ- 
rity. To add to this complexity, acute ablation of retino- 
blastoma expression fails to induce proliferation or hair 
cell regeneration in the adult cochlea (48), suggesting that 
manipulating the cell cycle pathway alone is not sufficient 
to awaken the mitotically quiescent cells, but the effec- 
tiveness of this approach has not been fully investigated 
in the damaged organ. Although supporting cells in the 
mature avian cochlea are likewise quiescent at rest, they 
are capable of reentering a proliferative state and regen- 
erating lost hair cells as a result of noise or aminoglyco- 
side damage. Studies on the effects of hair cell damage on 
the cell cycle in supporting cells are scarce, and existing 
evidence suggests a low level of proliferation exists as a 
result of hair cell loss in the mature mammalian cochlea 
(49). At present, our understanding of how cell cycle is 
regulated in the normal and damaged adult mammalian 
cochlea is limited and advancing it will likely be a neces- 
sary step toward inner ear regeneration. 


SOMATIC STEM CELLS 


In the developing cochlear duct, sensory hair cells and non- 
sensory supporting cells derive from common progenitor 
cells. During regeneration in the avian cochlea, experiments 
using label retention assays demonstrated that supporting 
cells are the source of regenerated hair cells (6-8). They 
behave as stem cells because they divide asymmetrically 
and self-renew by generating additional supporting cells, 
while also giving birth to daughter cells that differentiate 


into bona fide hair cells. The mammalian cochlea, unlike its 
avian counterpart, does not contain supporting cells that 
readily proliferate upon hair cell loss nor do they spontane- 
ously regenerate hair cells. However, recent evidence shows 
that the mammalian cochlea harbors cells with regenera- 
tive capacity in the early postnatal period (16,50-55). 

Using a cell-based assay established to study neural stem 
cells, investigators have found that both the mature vestibu- 
lar system and the neonatal cochlea in mice contain stem 
cell-like cells (15,16). They behave as stem cells in that they 
self-renew and also differentiate into hair cell- and support- 
ing cell-like cells in vitro and upon transplantation. Recent 
work suggests that several cell populations in the neonatal 
mouse cochlea have differential potentials to proliferate 
and produce new hair cells (54). However, this regenera- 
tive capacity rapidly decreases during the first 3 weeks of 
life (16); the mechanisms underlying this loss are currently 
unknown. It remains to be determined whether one can 
rekindle these endogenous stem/progenitor cells from the 
developing cochlea to repair a damaged adult cochlea. 

Unlike the cochlea, several mammalian organ systems 
continue to self-renew throughout life. These systems 
include the skin, hematopoietic, and intestinal organs, 
which contain well-characterized endogenous stem cells. 
While there have been several attempts at transplanting 
such stem cells as well as embryonic stem cells (see next 
section) into a damaged cochlea, results have been mixed 
on the success rates of cell survival, integration, and func- 
tional improvement (56-60). 


EMBRYONIC STEM CELLS AND INDUCED 
PLURIPOTENT STEM CELLS 


Embryonic stem cells originate from the inner cell mass 
during fetal development. They are able to self-renew and 
generate all cell types within the body, and are therefore an 
attractive resource for tissue regeneration. Induced pluripo- 
tent stem cells are similar to embryonic stem cells: they self- 
renew and are pluripotent. By introducing defined factors, 
many laboratories have reliably generated induced pluripo- 
tent stem cells from mature tissues, such as skin fibroblasts 
(reviewed by [61]). Several years ago, Li et al. (62) described 
a first protocol that guided differentiation of mouse embry- 
onic stem cells into otic progenitor cells, which when trans- 
planted into developing chicken otocyst, differentiated into 
hair cell-like cells. In a follow up study, Oshima et al. (63) 
refined this differentiation guidance method for both mouse 
embryonic stem cells and induced pluripotent stem cells so 
that new mechanosensitive hair cells were produced in vitro. 

While these proofs of principle experiments have 
yielded encouraging results, it is unknown whether trans- 
planting otic progenitors or more mature cochlear cell 
types into a deafened cochlea can regenerate hair cells and 
auditory function. Thus far, results on integration of trans- 
planted otic progenitor cells derived from embryonic stem 
cells, like those of adult stem cells, have been mixed (see 
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Fig. 169.3) (64-66). While some studies have reported 
functional recovery of deafened animals, others have 
observed poor survival of grafted cells and even the forma- 
tion of tumors, likely teratomas. Collectively, these results 
highlight the challenges of cell-based therapy in treating 
inner ear diseases and are related to numerous factors (see 
Fig. 169.3): (a) the inner ear, especially the scala media 
housing the organ of Corti, is difficult to access for cell 
transplantation. Within the scala media, the electrolyte 
composition (high potassium) of endolymph is potentially 
inhospitable for grafted cells, (b) it is unclear what cell 
types are best suited to graft (undifferentiated stem cells, 
committed tissue-specific stem cells, or purified progenitor 
cells); (c) little is known about homing signals in the nor- 
mal or damaged cochlea that may attract transplanted cells; 
(d) whether grafted cells will be integrated and become 
functional hair cells along the entire length of the cochlea 
is currently unclear. Without such knowledge, it is difficult 
to predict whether cell transplantation is a feasible route to 
functional recovery of the mammalian cochlea. 


SUMMARY 


Since the discovery of hair cell regeneration in lower verte- 
brates over 20 years ago, our understanding of the regen- 
erative potentials of the mammalian cochlea has increased 
tremendously. In recent years, the armamentarium to inves- 
tigate the mammalian cochlea has been rapidly growing and 
now consists of many molecular and cell-based approaches. 
Manipulation of the Notch and/or FGF pathways can recruit 
subsets of nonsensory supporting cells to generate extranu- 
merary hair cells in the neonatal mouse cochlea, where 
forced expression of Atoh1 can induce ectopic hair cell for- 
mation. Hair cells can also be produced from embryonic 
stem cells and induced pluripotent stem cells in vitro, yet 
many obstacles exists for cell transplantation into the inner 
ear. It is important to note that most studies on hair cell 
regeneration thus far have employed drug- or noise-induced 
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Figure 169.3 Schematic of stem cell transplantation into 
the inner ear. Grafting into the scala media compartment is 
one of several approaches to introducing cells into the inner 
ear. Transplanted cells will first need to survive in the endo- 
lymph fluid (1), then integrate into the sensory epithelium 
(2-3), and ultimately convert into functional sensory hair cells 
(3). Figure © Stanford University. 


hair cell degeneration as model systems; however, treatment 
paradigms will likely differ for other causes of hearing loss, 
such as genetic diseases, age-related hearing loss, or audi- 
tory dyssynchrony spectrum disorder. In the coming years, 
new discoveries will likely continue to transform our under- 
standing of the regenerative capacity of the mammalian 
cochlea. Importantly, the long-term efficacy and safety of 
the newly discovered interventions will need to be carefully 
interrogated before they are translated to new approaches to 
managing patients with sensorineural hearing loss. 
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m Hair cell degeneration occurs in many modes of 
sensorineural hearing loss. 

m= The mature mammalian organ of Corti lacks the 
ability to regenerate lost hair cells. 

m The Notch signaling pathway mediates lateral inhi- 
bition and hair cell differentiation during cochlear 
development. 

m The Atoh1 transcription factor is necessary and suf- 
ficient for hair cell differentiation. 

m The neonatal mouse cochlea harbors cells with 
regenerative potential. 

m= Mouse embryonic and induced pluripotent stem 
cells can generate mechanosensitive hair cells in vitro. 
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Western civilization portrays facial beauty as flawless, young 
skin with ideal facial contours. Youth and beauty are per- 
vasive in all forms of media, highlighting their significance 
to our culture and to humans in general (1). The value 
that our society places on beauty has lead to innumerable 
methods of enhancing one’s attractiveness, including cos- 
metic surgery. Today, the desire to change one’s appearance 
is considered a sufficient indication for surgery, whether or 
not a true “deformity” is present. The continual growth in 
the number of cosmetic procedures performed each year 
reflects the public’s rapidly growing acceptance of cosmetic 
surgery as a means of self-improvement. 

The physician and patient usually share a perception 
of deformity and the correction needed. Some patients, 
however, perceive an abnormality not readily appar- 
ent to other people. A significant difference between the 
perceived deformity and the surgeon’s assessment of the 
feature raises warning flags that may warrant further evalu- 
ation. This chapter aids in defining what does and does 
not constitute deformity and how to elucidate whether 
a patient’s requests are within normal limits. Psychiatric 
conditions that may lead to a disagreement in facial assess- 
ment between patient and surgeon are also discussed. The 
absolute numeric values presented in this chapter allow 
the surgeon to determine whether or not a feature is pro- 
portionate. However, facial features must also form a har- 
monious union when observed together. Harmony refers 
to the mind’s interpretation of the facial relationships 
based strictly on visual observation (2). For facial beauty 
to exist, the proportions and architecture of the face must 
form a balance that is visually pleasing. When the major 
aesthetic masses of the face (nose, lips, ears, eyes, etc.) are 
individually proportionate, they are more likely to har- 
monize with each other to yield an aesthetically pleas- 
ing facial appearance. However, disproportionate features 
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may also harmonize with one another, even though the 
feature itself falls outside of what is considered normal. 
Consequently, beauty is to a degree in the eye of the 
beholder, and aesthetic facial analysis remains a partially 
subjective exercise. 


Establishing a Relationship 


The primary goal of the preoperative interview is to estab- 
lish effective communication in order to obtain an under- 
standing the patient's perception of the defect, the patient's 
motivations, and the patient's expectations from surgery 
(3). During the interview, the patient’s thoughts and feel- 
ings about the area of concern are explored. This provides 
an opportunity to educate the patient about the details of 
potential surgery and what outcomes may be realistically 
achieved. The preoperative interview is also an opportunity 
to a review the medical history to identify conditions that 
may preclude surgery. Spending time with potential medi- 
cal issues improves trust and rapport and may reveal issues 
needing further evaluation prior to undergoing elective sur- 
gery. A surgeon’s mastery of the relationship-building phase 
of the interview results in improved patient satisfaction, 
reduced legal liability, and better surgical outcomes (4,5). 


Preoperative Assessment 


A commonsense approach to selecting candidates for 
surgery greatly reduces the chance of encountering an 
unhappy patient (G). In the preoperative interview, the sur- 
geon seeks answers to the following questions: 


m What are the patient's expectations? 

m Are the expectations realistic and reasonable? 

= Do Ihave the ability to fulfill these expectations? 
m Can the patient be satisfied? 
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RED FLAG SYMPTOMS. PATIENTS 
EXHIBITING “RED FLAGS” MAY 
WARRANT FURTHER INVESTIGATION 


Trying to please someone else 
Unrealistic expectations 
Pervasively unhappy 

Poor self-image 

Overly flattering 
Perfectionists 

Rude or demanding 
Know-it-all 

History of doctor-shopping 
History of litigation 
Multiple revision surgeries 


Many tools are available to aid in obtaining this infor- 
mation. The Sensitization, Aesthetic self-assessment, peer 
Group comparison and Avoidance behaviors (SAGA) 
tool helps to uncover patients’ understanding of normal, 
their perception of deformity, and its impact on them 
(7). Sensitization refers to the point at which the patient 
becomes aware of and bothered by a deformity. The impe- 
tus for sensitization may be self-induced (intrinsic) or 
the result of extraneous remarks or teasing (extrinsic). 
Alternatively, the patient may not be sensitized to a defor- 
mity and may be requesting surgery to please someone 
else, a red flag symptom (Table 170.1). 

The second concept evaluated by the SAGA tool is aes- 
thetic self-assessment. This is the patient’s private evalua- 
tion of the concerning feature in a mirror. Simply inquiring 
about self-assessment builds rapport and reassures the 
patient that this is normal behavior. The self-assessment 
also gives an impression of the desired improvements and 
whether these expectations are realistic. 

Peer group comparison gives insight into patient sensi- 
tization as well as their reaction to the deformity. A patient 
sensitized to a feature will scrutinize others in society (7). 
The patient desiring to appear like that of a particular movie 
star reveals unrealistic expectations, and such patients are 
likely to blame the surgeon for perceived poor results. The 
patients’ ability to accept the surgical result is highly cor- 
related with the degree to which they are prepared by their 
surgeon. Unrealistic expectations must be discussed prior 
to undergoing surgery (8). 

Avoidance behaviors examine the techniques and strat- 
egies used by the patient to camouflage or conceal their 
imperfections. This may include makeup, clothing, or a 
hairstyle used to cover up or draw attention away from the 
featured complaint. Avoidance behaviors should resolve 
with surgery and may provide an objective measure of suc- 
cess postoperatively. 

The experienced surgeon develops wariness for patients 
who create a sense of uneasiness. Situations that raise 
caution flags include a history of having sued another 
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surgeon, extreme demands of support staff, or evidence of 
“doctor-shopping” in search of someone who will perform 
the desired surgery. Such patients should be approached 
with extreme care and often require further evaluation 
(Table 170.1). 


PSYCHOPATHOLOGY IN THE AESTHETIC 
PATIENT 


It was not long ago that patients seeking aesthetic sur- 
gery were assumed to have deeply seated psychological 
issues. In 1960, Jacobson et al. (9), suggested that most 
cosmetic surgery patients required psychological evalua- 
tion because psychiatric problems were almost certainly 
present. As cultural norms have evolved, the level of con- 
cern about physical appearance that was once deemed 
psychologically abnormal is now acceptable and it is rare 
for a patient to require preoperative psychiatric evalua- 
tion. The rate of psychopathology in cosmetic surgery 
patients today approaches that of the general popula- 
tion. Nevertheless, only a small percentage of the popula- 
tion actively seeks surgery despite a continual increase in 
popularity. This is due to personality characteristics that 
differentiate those who seek cosmetic surgery from those 
who do not (4,10). On the extreme end of the person- 
ality spectrum are patients with diagnosable psychiatric 
conditions. The following section describes important 
pathologic conditions to consider during the initial 
consultation. 


Depression 


Traditionally, patients carrying a diagnosis of depression 
were rejected for facial cosmetic surgery as it was feared 
this would trigger deeper depression (11). In a study from 
1960, patients with late-onset and prolonged depres- 
sion after cosmetic procedures exhibited a causal relation 
between surgery and depression. This group of patients 
received support in the immediate postoperative period 
that was initially satisfying. As the sought-after attention 
waned, however, the patients realized that surgery had not 
fulfilled their desires, and they became more depressed. 
While a diagnosis of depression is not a contraindication 
to surgery, there remains a risk of depression intensify- 
ing following surgery. We now know that almost half of 
aesthetic surgery patients display clinically apparent post- 
operative depression, even with a good outcome (11,12). 
Despite this finding, Moss and Harris (13) demonstrated 
a significant improvement in patient’s postoperative Beck 
Depression Inventory score following cosmetic surgery 
in comparison to their preoperative scores. It is gener- 
ally accepted that patients with a preoperative diagnosis 
of depression can undergo cosmetic surgery without fear 
of long-term intensification of their symptoms, although 
coordination between the surgeon and psychiatrist yields 
the best results. 
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Personality Disorder 


Personality disorders are psychiatric conditions in which a 
person’s behaviors, emotions, and thoughts are markedly 
different from that of their culture, causing serious prob- 
lems with relationships and work. Personality disorders 
are the most common psychopathology seen in patients 
seeking cosmetic surgery (14). These patients are manip- 
ulative, demanding, and difficult to please. Of all per- 
sonality disorders, narcissistic and histrionic personality 
disorders are most commonly encountered by facial plastic 
surgeons (15). Although the overall prevalence of narcis- 
sistic personality disorder in the general population is 1%, 
up to 25% of patients who present to a plastic surgery prac- 
tice display hallmarks of the diagnosis, including unex- 
plained grandiosity accompanied by a need for admiration 
(14,16). Similarly, although the incidence of histrionic 
personality disorder in the general population is 1.8%, up 
to 10% of cosmetic surgery patients have this condition, 
marked by attention-seeking behavior, excessive emotion- 
ality, and sexual forwardness (15,16). A third personal- 
ity disorder to consider is borderline personality disorder 
(BPD). People with BPD are uncertain about their iden- 
tity, and as a result their interests and values change rap- 
idly. These patients perceive their environment in terms of 
extremes, leading to rapidly shifting feelings and unstable 
relationships (16). The encounter with a patient who has a 
personality disorder can be one of frustration and aggrava- 
tion. Nevertheless, an appropriate doctor-patient relation- 
ship must be established. If the surgeon is not confident 
that this relationship can be maintained or the patient will 
not cooperate, surgery should not be performed. 


Body Dysmorphic Disorder 


One of the most difficult challenges facing a plastic sur- 
geon occurs when there is disagreement with a patient 
regarding the degree of deformity. While it is not uncom- 
mon to encounter patients who would like to have minor 
deformities corrected or improved, it is important to rec- 
ognize patients who fall outside of the normal spectrum. 
The extreme example of this is body dysmorphic disorder 
(BDD), a condition characterized by the unhealthy obses- 
sion with one or more body parts (16). Patients with BDD 
have a preoccupation with some slight or perceived flaw 
in their physical appearance. These individuals spend an 
excessive amount of time thinking about their personal 
appearance and methods to change it. BDD is estimated 
to occur in approximately 1% of the general population, 
but the incidence is up to 16 times higher in patients desir- 
ing plastic surgery (17). When a patient demonstrates 
profound emotional distress and behavioral impair- 
ment out of proportion to the actual defect, the plastic 
surgeon is wise to refer the patient for psychiatric evalu- 
ation. The mainstay of treatment for the behavioral com- 
ponents of BDD is cognitive behavior therapy (18). BDD 
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is asomatoform disorder that cannot be effectively treated 
with surgery and therefore these patients are not surgical 
candidates. BDD patients are more likely to move to litiga- 
tion, and may even threaten physical violence. 


FACIAL ANALYSIS 


History 


The desire to identify ideal facial aesthetics dates to antiq- 
uity. Greek artists sought to identify ideal facial propor- 
tions and began to formally analyze beauty. The classical 
Greek canons of facial balance that were developed conse- 
quently influenced anatomic scholars of the Renaissance 
period, and many of these form the foundation of facial 
analysis today. 

Ricketts (19) supported the Greek concept that facial 
attractiveness is related to the repetition of proportions 
throughout the face. The ideal or “divine” proportion 
equates to the mathematical ratio of 1:1.618 (phi), which 
was believed to be the rate of mathematical progression 
most pleasing to the eye. The ratio refers to the point along 
a line at which the ratio of the smaller portion to the larger 
portion is the same as the ratio of the larger portion to the 
original line (Fig. 170.1) (20). 

Farkas et al. (21) performed detailed anthropometric 
studies of different ethnic populations to assess the validity 
of the classical Greek canons for beauty and determined 
multiple “normal” values for various facial proportions. 
Measurement and memorization of normal values is cum- 
bersome and quickly becomes impractical for everyday use 
by aesthetic surgeons. 

Modern science defines beauty as a biologic and cross- 
cultural concept of attractiveness. In one study (22), 
infants preferred looking at aesthetically pleasing adult 
faces. Other studies (23) note a preference for symmetry 
in facial architecture (24,25). Another (26) found that 
test subjects preferred a composite of attractive faces to a 
composite of average faces, which was consistent across 
ethnic boundaries. Ethnic differences in aesthetic ideals 
exist, however, and must be considered during facial 
analysis to avoid inappropriate “Westernization” of ethnic 
features (27-31). 


Defining Terms 


The face is a complex balance of multiple aesthetic units 
that when taken together produces a unique appearance. 
Facial analysis uses standardized points to determine 


A 68 C AB_AC 


BG 7 AB = 1-618(0) 


Figure 170.1 When the ratio of the long segment to the short 
segment (AB/BC) is the same as the ratio of the whole line to the 
long segment (AC/AB), the ratio is equivalent to the divine ratio, 
phi (1.618). (Adapted from Ricketts RM. Divine proportions in facial 
esthetics. Clin Plast Surg 1982;9:401-422, with permission.) 
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BASIC ANATOMIC LANDMARKS 
AS SEEN ON FRONTAL VIEW 


Trichion (Tn) Superior margin of the forehead at the 
midline of the frontal hairline 
Radix (R) The region of the root of the nose 


Subnasale (Sn) Soft tissue point at the junction of the 
columella and upper lip in the midline 


Superior and inferior © Mucocutaneous junction of the upper and 


vermilion border lower lips 
(Vs and Vi) 
Stomion (St) Midline point at the embrasure of the lips 
when closed 
Menton (M) Soft tissue point at the inferior-most 


border of the chin in the midline 


relationships between various aesthetic masses, and to 
determine the proportions of each feature individually. The 
following tables define standard reference points used in 
facial analysis (Tables 170.1 and 170.2, Fig. 170.2). Using 
these standard points, reference angles are constructed to 
analyze interfacial relationships. These values serve as a 
general reference, but values vary from male to female and 
between ethnic groups. Men tend to have sharper angles 
and more prominent features than women. These differ- 
ences help us subconsciously determine gender, as well as 
the degree of masculinity and femininity. 


General Facial Assessment 


Facial assessment begins with an evaluation of symme- 
try. A line drawn through the midsagittal plane on fron- 
tal view provides a side-by-side comparison of symmetry. 
The midline points of the forehead, nose, lips, and chin 
should lie on this axis. Subtle asymmetries are expected 
and it is helpful to point these out to the patient preop- 
eratively. 


Figure 170.2 Basic anatomic landmarks for facial 
analysis. See Tables 170.2 and 170.3 for explanation. 
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Figure 170.3 Ideal frontal symmetry and proportion is approx- 
imated by dividing the face into vertical fifths, with each fifth 
approximating the width of the eye. The overall width-to-length 
ratio should approximate 3:4. 


Assessment of symmetry and proportion is further 
accomplished by dividing the face into vertical fifths 
equal to the width of one eye, or the intercanthal distance. 
Vertical lines at the lateral canthus should approximate the 
width of the neck (32). The lateral-most fifth extends from 
the lateral canthus to the lateral most point of the helical 
rim (Fig. 170.3). 

Facial height is examined by dividing the face into hori- 
zontal thirds on the frontal and lateral views (Fig. 170.4). 
The total facial height is the distance from the trichion to 
the menton. However, the trichion can be an inaccurate 
landmark due to receding hairlines in some individuals. 
In these cases the trichion is approximated by marking 
the uppermost extent of frontalis movement. The face is 
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then divided into horizontal thirds at the glabella and the 
subnasale. This creates an upper third from trichion to gla- 
bella, a middle third from the glabella to the subnasale 
and a lower third from subnasale to menton. 

Lower facial symmetry can be further assessed by subdi- 
viding this region in thirds as well. The upper third is equal 
to the distance from the subnasale to the stomion, while 
the lower two-thirds are equal to the distance from the sto- 
mion to the menton (33). 

The facial profile assessment examines the relation- 
ships of individual components to the face as a whole. 
Lateral view assessment begins with positioning of the 
patient in the Frankfort horizontal (Fig. 170.5) (Tables 
170.3 and 170.4). When a line from the inferior orbital 
rim to the tragion is parallel to the horizon, the patient 
is said to be in the Frankfort horizontal. This provides a 
reproducible posture for comparison between patients 
and over time. 

Gonzales-Ulloa (34) described a useful method of eval- 
uating the aesthetic profile in relation to the Zero Meridian 
line. This vertical line passes through the nasion perpen- 
dicular to the Frankfort horizontal line. In the aesthetically 
pleasing facial profile, the outline of the midforehead, sub- 
nasale, upper and lower lips, and pogonion should rest on 
this line. The Zero Meridian and Frankfort horizontal line 
provide a framework from which to analyze the facial pro- 
file. The frontal, nasal, labial, and mandibular regions can 
be analyzed for protrusion or retrusion based on their rela- 
tionships to these lines. In addition to providing a quali- 
tative assessment of aesthetic units on profile view, this 
technique also allows the surgeon to quantify the amount 
of correction needed in each area. 
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Figure 170.4 The facial thirds: trich- 
ion to glabella, glabella to subnasale, 
subnasale to menton. The lower face 
also is divided into thirds: The upper lip 
from subnasale to stomion is one-third, 
and the lower lip and chin is two-thirds. 
The face from nasion to subnasale is 
47% and from subnasale to menton is 
53% of the total height from nasion to 
menton. (From Powell N, Humphries B. 
Proportions of the aesthetic face. 
New York: Thieme-Stratton, 1984, with 
permission.) 


Forehead 


The forehead occupies one-third of the vertical height of 
the face and is a significant contributor to overall facial 
balance. The forehead is defined as the space between the 


Zero meridian 
Nasion 

Frankfurt 
horizontal 


Figure 170.5 The Frankfort horizontal plane connects the 
inferior orbital rim to the tragion and is parallel to the horizon. 
Gonzalez-Ulloa defined the aesthetic profile in relation to the Zero 
Meridian, a line perpendicular to the Frankfort horizontal plane 
through the nasion. In the aesthetically pleasing profile, the outline 
of the midforehead, subnasale, upper and lower lips, and pogonion 
rest on this line (From Gonzalez-Ulloa M. Quantitative principles in 
cosmetic surgery of the face (profi leplasty). Plast Reconstr Surg 
Transplant Bull 1962;29:186-198.). 
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TABLE 


170.3 


Nasion (N) 

Sellion (S) 

Glabella (G) 

Rhinion (Rh) 
Tip-defining-point (Tp) 
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Posteriormost bony point at the root of the nose 

Posteriormost soft tissue point at the root of the nose 

Anteriormost point of the forehead in the midline 

Region at the junction of the bony and cartilaginous nasal dorsum 
Anteriormost projection of the nasal tip, corresponding to the dome of 


the lower lateral cartilages 


Columellar point (Cm) 
Alar crease (A) 
Mentolabial sulcus (Ms) 
Pogonion (Pg) 
Gnathion (Gn) 


Anteriormost point of the columella 

Sulcus defining the posterior border of the alar subunit of the nose 
Crease between the lower lip and chin 

Anteriormost point of the chin in the midline 

Virtual point defined by the intersection of a vertical line lying tangent to 


the pogonion and a horizontal line that is tangent to the menton. 


Cervical point (C) 


Virtual point defined by the line tangent to the anterior margin of the 


neck and a line tangent to the menton 


Tragion (Tr) 


trichion and the glabella, bordered by the hairline superi- 
orly and laterally, and extending upward from the superior 
aspect of the eyebrows. The shape of the forehead varies 
between men and women, and consequently the most 
aesthetically pleasing contour is gender-dependent. The 
attractive female forehead contour has a gentle convexity 
on profile with its most anterior point at the supraorbital 
ridge lying tangent to the Zero Meridian. Men tend to have 
a more protruding forehead than women with a degree 
of supraorbital bossing. The shape of the forehead is also 
important in the context of the global facial appearance. 
A protruding forehead will draw more attention to a 
recessed chin or maxilla and vice versa. 

One of the most important aspects of the forehead 
from a surgical standpoint is the nasofrontal angle (NFA). 
The NFA is an obtuse angle formed by lines tangent to the 
glabella and nasal dorsum. The vertex of this angle is the 


Point at the supratragal notch of the ear 


sellion, and the normal value of the NFA varies from 115 
to 135 degrees (Fig. 170.6). The vertex of the NFA lies at 
the level of the superior limbus of the eye, though this is 
variable. Men tend to have a more acute NFA when com- 
pared to females, due to the increased prominence of the 
supraorbital rim. Thus, in men the NFA ideally measures 
115 to 120 degrees whereas women ideally measure 120 
to 135 degrees. Changing the position of the NFA can have 
dramatic effects on the harmony of surrounding structures. 
Additionally, the length of the nose is determined by the 
vertical position of the NFA; a factor that can be addressed 
with surgery. Moving the vertex of the NFA superiorly 
lengthens the nose and vice versa. The infantile nose defor- 
mity occurs when telescoping naso-orbito-ethmoid frac- 
tures result in a posterior repositioning of the NFA. This 
leads to a loss of nasal dorsal height that resembles the 
undeveloped dorsum of a child. 


Facial Plane 
Frankfort Horizontal 


Reference plane created that is tangent to the glabella and pogonion 
Reference line from the superior margin of the external auditory canal 


to the inferior border of the infraorbital rim 


Zero-Meridian 
the nasion 
Nasofrontal angle (NFA) 


Reference line perpendicular to the Frankfort Horizontal intersecting at 


Obtuse angle formed by lines tangent to the glabella and nasal 


dorsum with the vertex at the sellion 


Nasofacial angle (NFcA) 
Nasolabial angle (NLA) 
Lower Face-Throat Angle 


Angle of inclination of the nasal dorsum from the facial plane 
Angle of inclination between the columella and the upper lip 
Angle formed at the gnathion by the intersection of a line from the 


cervical point to menton with a line from the subnasale to the 


pogonion. 
Mentocervical angle 
(MCA) 


Angle formed by the intersection of a line from the cervical point to 
menton with a line from the glabella to pogonion. 
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{NFA = 115°-130° 


30°-40° 


NLA = 90°-120° 


' MCA = 80°-90° 


Eyebrow 


The eyebrows function in static protection of the eye, facial 
identity, and sexual dimorphism. They also convey expres- 
sions of happiness, surprise, and anger distinctly from 
the rest of the face (35). With aging, the brow position 
descends due to the affect of gravity and accumulated skin 
damage. Eyebrow size, position, and morphology change 
dramatically throughout one’s life, and normative values 
are useful when performing an aesthetic evaluation. 

The female brow is positioned at or above the supraorbital 
rim with an arch that peaks in the lateral third of the brow. In 
contrast, the male brow is positioned directly over the supra- 
orbital rim and is relatively straight (36,37). The contempo- 
rary concept of the ideal position of the male eyebrow has 
remained fairly constant, but the same cannot be said for the 
female brow. In 1974, Westmore proposed that the aesthetic 
female eyebrow begins medially over the alar groove and 
ends laterally at a line connecting the lateral canthus and the 
lateral ala. The author also conjectured that the medial and 
lateral aspects of the eyebrow should fall in the same hori- 
zontal plane and that the apex of the eyebrow lies above the 
lateral limbus (36,38,39). Over the last few decades, several 
authors have offered modifications to Westmore’s paradigm 
following the shifting aesthetic ideals of society. Cook et al. 
(40) concluded that the peak of the eyebrow belongs over the 
lateral canthus rather than the lateral limbus. Most recently, 
Roth et al. evaluated the frontal photographs of fashion 
models and randomly selected women. Their findings sug- 
gest that the ideal eyebrow arch position lies between the lat- 
eral limbus and lateral canthus. The authors also found that 
the lateral brow lies slightly superior to the medial brow in 
the horizontal plane (41) (Fig. 170.7). 


Figure 170.6 Profile angles for facial analysis. See 
Table 170.4 for definitions. 


Eyes/Eyelids 


The eyes are the seat of beauty, and changes in this region, 
whether age-related or otherwise, often prompt patients 
to seek aesthetic evaluation. Appraisal of facial harmony 
requires close examination of the symmetry, shape, pro- 
portions, and position of the eyes. The medial limbus of 
the iris ideally lies on a vertical line with the oral commis- 
sures. In Caucasians, the intercanthal distance should be 
equal to the interalar width of the nasal base. However, this 
is not true for Asian or African Americans, who typically 


Female 
A Westmore apex 


B Cook apex C Roth 


apex 


Figure 170.7 A: The ideal brow begins at the medial canthus 
and ends laterally along an oblique line through the alar-facial 
junction and the lateral canthus. Westmore proposed that the apex 
of the eyebrow should reach its maximal arch along a line tangent 
to the lateral limbus. (Adapted from Brennan GH. Correction of 
the ptotic brow. Otolaryngol Clin North Am 1980;13:265-273, 
with permission.) B: Cook Modification: With shifting societal aes- 
thetic ideals, the aesthetic position of the female brow has also 
shifted. Cook proposed that the peak of the eyebrow lies over the 
lateral canthus rather than the lateral limbus. C: Roth Modification: 
Most recently, Roth et al. found the ideal eyebrow arch position 
lies between the lateral limbus and lateral canthus and that the 
lateral brow lies slightly superior to the medial brow in the hori- 
zontal plane. 
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have a slightly wider interalar distance. The average inter- 
canthal distance is 32 to 35 mm, whereas the average inter- 
pupillary distance is 61 to 69 mm (42). The interpupillary 
and intercanthal distances are approximately equal to the 
width of one eye (43). 

The contour of the youthful upper and lower eyelids is 
one of smooth transitions. The upper eyelid has a definable 
supratarsal crease (STC) and then flows smoothly to the 
brow above. The lower eyelid transitions without demarca- 
tion into the malar eminence and cheek. The upper eyelid 
overlies the superior limbus by 2 to 3 mm, whereas the 
lower lid approximates or overlies the inferior limbus by 1 
mm. The apex of the supratarsal plate is centered over the 
medial limbus, while the nadir of the lower eyelid lash line 
is aligned with the lateral limbus (44) The distance from 
lash line to lid crease on the upper lid varies from 7 to 15 
mm in the non-Asian patient (32), but tends to be greater 
in men than in women. The lateral canthus lies 2 to 4 mm 
above the medial canthus (45) yielding an upward tilting 
intercanthal axis that is characteristic of the beautiful eye. 
Many anatomical variations exist based on gender, ethnic- 
ity, and body habitus. In addition, soft tissue volume is lost 
with aging, which disrupts the smooth transitions of the 
eyelid leading to dermatochalasis and periorbital wrinkles 
and folds (Fig. 170.8). 


Ears 


Ridges and concavities in the auricular cartilage framework 
form the distinctive shape of the external ear. The auricle 
reaches 80% of the adult size by age 5 (46), permitting 
early surgical intervention using adult normative values. 
When analyzing the ears, each auricle is evaluated relative 


Figure 170.8 Characteristic relationships of 
the aesthetically pleasing eye. The upper eyelid 
overlaps the superior limbus of the iris by 2 to 
3mm, while the lower eyelid approximates or over- 
laps the inferior limbus by 1 mm. The supratarsal 
plate is tallest at the medial limbus. The nadir of 
the lower eyelid lash line is aligned with the lateral 
limbus. The distance from the upper eyelid lash 
line to the supratarsal crease (STC) varies from 7 to 
15 mm. The intercanthal axis is tilted upward later- 
ally, with the lateral limbus lying 2 to 4 mm above 
the medial canthus. 
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to the face and individually, as deformities can be distinct 
between each ear. 

The position of the auricle on the head contributes dis- 
tinctly to overall aesthetics. The top of the ear should lie at 
the level of the brow and the bottom of the lobule at the 
nasal ala (47). The axis of the ear slants posteriorly and 
approximates the inclination of the nasal bridge. The helix 
forms the most lateral extent of the auricle on frontal view 
and should be just visible behind the antihelix and supe- 
rior crus, 

The width of the ear is approximately 55% its length. 
The average length and width of the male auricle is 63.5 
and 35.5 mm, respectively. Corresponding measurements 
in the female are 59.0 and 32.5 mm (48,49). When viewed 
from above, the auricle protrudes 20 to 30 degrees from 
the skull. In assessing ear protrusion, the distance from the 
mastoid to the helix is recorded at the superior aspect of 
the helix, at the level of the external auditory canal, and at 
the lobule. The ideal values for these distances in the adult 
should be 16 to 18 mm, 14 to 16 mm, and 16 to 18 mm, 
respectively. 


Nose 


With its central location on the face, the nose is one of the 
most important contributors to facial aesthetics. No other 
feature must harmonize with other areas of the face more 
than the nose. Small changes to the nose can produce 
dramatic differences in overall facial aesthetics. For this 
reason, it is one of the most frequently surgically altered 
features and the normal proportions of the nose have 
been thoroughly documented. Ideal aesthetics occur when 
nasal proportions and angles are within normal limits and 
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harmonize with other facial features. However, more than 
with any other facial feature, variations of the nasal pro- 
portions are accepted based on ethnicity, age, height, and 
gender. 


Nasal Angles 


Several angles are useful in defining the relationship of 
the nose to the face. As discussed above, the NFA is impor- 
tant in the aesthetics of both the nose and the forehead. 
It describes the superior limit of the nose and can have a 
dramatic effect on the overall appearance of the nose. 

The nasofacial angle (NFcA) describes the relationship 
of the nasal dorsum to the facial plane, defined by a ver- 
tical line from the glabella to the pogonion. The NFcA is 
formed by the intersection of a line from the sellion to 
the nasal tip (drawing through any dorsal hump that may 
exist) with the facial plane. A NFcA of 36 degrees is aesthet- 
ically ideal and can help to determine whether to augment 
or reduce the nasal dorsum. 

A third angle of measurement helpful in the nasal- 
facial aesthetics is the nasolabial angle (NLA). The NLA is 
formed by lines constructed from the superior vermilion 
border to the subnasale, and from the subnasale to the 
columella. This angle defines the relationship between the 
nose and the upper lip as well as the rotation of the nasal 
tip. An aesthetically pleasing NLA is 90 to 95 degrees in 
men and 95 to 105 degrees in women. Shorter individu- 
als tolerate a more obtuse angle, whereas taller people 
require a NLA at the low end of the range for their gender 
(Fig. 170.6, Table 170.4). 


Nasal Tip Projection 


Many techniques have been proposed to define ideal nasal 
tip projection and controversy exists over which method is 
optimal. Also, one must differentiate between tip projec- 
tion and rotation as they are closely related, but distinct 
concepts. Tip rotation is the caudal or cephalad rotational 
movement of the tip around the fixed point of the tragion. 
Nasal tip projection, on the other hand, is the anterior or 
posterior positioning of the nasal tip relative to the Zero 
Meridian (Fig. 170.9). 

There are four methods commonly used to evaluate tip 
projection. Perhaps the simplest method was proposed by 
Simons in 1975 (50). He suggested that the distance from 
the upper lip vermilion border to the subnasale and from 
the subnasale to the tip defining point should be approx- 
imately equal. This method is easy to perform and takes 
into effect harmony with a nearby structure. However, the 
variable size of the upper lip length can yield inaccurate 
results. 

Powell and Humphries described the ideal relationship 
between tip projection and nasal height as a 2.8:1 ratio. 
Height is measured from sellion to subnasale, and tip pro- 
jection is measured by a line drawn perpendicular to the 


2765 


j 


vA 


Figure 170.9 Nasal tip rotation is defined by the movement of 
the nasal tip on an arc around the tragion. 


first line through the tip defining point (33) (Fig. 170.10). 
Though relatively simple, this method does not take into 
account the effect the length of the ala on tip projection. 
Goode’s method of assessing tip projection takes into 
account the relationship between nasal length and the alar 
groove. A vertical line is drawn from the sellion through the 
alar groove. A second perpendicular line is then drawn to the 


A B 


= 0.55-0.6 
(N-Tp) 


Figure 170.10 Assessment of nasal projection. A: The Powell 
and Humphries (33) method. A line from sellion (S) to subnasale 
(Sn) is used to measure tip projection. The ratio of projection 
(X-Tp) to height (S-X) is ideally 2.8:1. B: The Goode (51) Method. 
A line from sellion (S) to the alar groove is used to measure tip 
projection. The ratio of projection (Y-Tp) to length (S-Tp) is ideally 
0.55 to 0.6:1. 
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tip defining point, which effectively measures tip projection 
starting from the most posterior feature of the nose. Lastly, 
nasal length is determined using a line from the sellion 
to the tip (Fig. 170.10). The ideal ratio of tip projection to 
nasal length with the Goode method is 0.55 to 0.6:1, which 
produces a NFcA of 36 to 40 degrees. Crumley and Lanser 
(52) took this one step further by defining the relationship 
of tip projection, nasal length, and vertical height as a right 
triangle whose sides have a 3:4:5 ratio. With these param- 
eters, the NFcA also approximates the ideal 36 degrees. 


Nasal Width 


The nasal width may be described as the distance between 
the alar grooves. The relationship of nasal base with the 
rest of the face is best evaluated on frontal view, where the 
width of nasal base should equal the width of one eye. If the 
distance between the medial canthi is proportionate (i.e., 
one eye width), then drawing a vertical line down from the 
medial canthus should pass through the alar groove. This 
technically easy evaluation can be performed during the 
consultation to determine if corrective surgical maneuvers 
are needed. A second method involves first calculating the 
nasal length from sellion to the tip defining point. A propor- 
tionate nasal width is estimated at 70% of the total length. 

The basal view is also used to assess nasal width as well 
as nasal tip symmetry. On basal view, the nose should have 
the appearance of an equilateral triangle (53). The width of 
the nasal lobule should be 75% of the width of the entire 
nasal base. The width of the columella compared to the 
width of the lobule should be 2:1. The tip should comprise 
one-third of the total height, while the nostrils make up 
the remaining two-thirds on basal view (Fig. 170.11). The 
nostril openings are ideally ovoid and obliquely oriented 
toward the tip. The posterior aspect of the nostril is slightly 
larger and rounder, becoming more narrow anteriorly 
(54). Careful assessment of the individual components of 
the nasal base allows for a site-specific analysis of the con- 
tributors to overall nasal width and symmetry. 


wee 


we 


Figure 170.11 The width of the nasal lobule 
should be 75% of the width of the nasal base. The 
lobule-to-columella ratio should be 1:2. On lateral 
view, the ala-to-lobule ratio should be 1:1, and 
there should be 2 to 4 mm of columellar show. 
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Lateral View Nasal Assessment 


The lateral view of the nose allows one to assess the 
nasal profile and the ala-tip complex. On lateral view, 
the length of the ala and tip should be equal, though tip 
lobular excess is more acceptable than alar excess (53). 
There should be 2 to 4 mm of columellar show below the 
level of the nostril rim on profile view (Fig. 170.11). The 
elegant nasal tip profile has a “double break” produced 
by the tip defining point anteriorly and a subtler angula- 
tion at the junction of the tip lobule with the columella. 
Additionally, a supratip break exists between the nasal tip 
subunit and the nasal dorsum in the ideal nose. Although 
ethnic variations exist, a more pronounced supratip break 
is more acceptable in women than in men. The distance 
from the long axis of the nostril to the alar rim and colu- 
mella should be 1 to 2 mm. Discrepancies from this ideal 
indicates alar or columellar retraction, or a hanging ala or 
columella (55). 


Midface 


The soft tissues of the midface provide much of the con- 
tour that gives an individual their unique facial appear- 
ance (56). While direct measurements and angles are used 
to define ideals in other areas, aesthetic evaluation of the 
midface region is more heavily reliant on symmetry and 
harmony with surrounding features. 

The appearance of the midface is highly dependent 
on the underlying bone structure, fat compartments, 
and skin texture. The face should be widest at the zygo- 
maticus, the most prominent portion of the zygomatic 
arch, and should taper down to the chin, giving the face 
a heart-shaped appearance. The malar eminence ideally 
lies within the space defined by a line from the nasal base 
to the tragus and a line from the oral commissure to the 
lateral canthus (57). 

The soft tissue envelope of the midface is uniquely sus- 
ceptible to solar damage, gravity, and the aging process. With 
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aging, the skin and soft tissues of the midface atrophy and 
descend. This leads to the formation of jowls and a “squar- 
ing off” of the heart-shaped face of youth. To determine the 
best restorative approach for the midface, an assessment 
must be made of midfacial volume, skin laxity, and the 
prominence of the nasolabial and nasojugal folds (58,59). 


Chin 


The chin plays a prominent role in the balance of the 
facial profile. Classically, a prominent chin is associated 
with strength and power, whereas a retrusive chin portrays 
weakness. The chin extends from the mentolabial sulcus to 
the menton. The lower lip and chin should make up two- 
thirds of the total length of the lower third of the face, with 
the upper lip making up the other one-third. Although the 
chin is a distinct feature, an alteration to its architecture 
also changes the lower lip and neck profile. 

As described above, the pogonion of the masculine chin 
should approximate the Zero Meridian (34). In women, 
the pogonion should fall just behind this line (Fig. 170.5). 
The relationship of the chin to the lower face is assessed 
with a vertical line from the lower vermilion border of the 
lip. In men, the pogonion is tangent to this line with the 
mentolabial sulcus lying 4 mm posteriorly. In women, 
this line should lie 2 to 3 mm anterior to the pogonion. 
Prognathia or retrognathia are defined by deviation of the 
pogonion from these positions. 


Lip 

The lips are an essential component of beauty and aid 
in the display of emotion, personality, and sexuality. In 
Western culture, full lips with a well-defined philtrum are 
associated with youth and beauty, while a thin vermilion 
with diminished lip highlights are signs of aging (60). 
The lips have an intimate relationship with the chin, nasal 
base, premaxilla, and teeth, which can alter their position 
and global facial aesthetics. 

To achieve facial balance, the vertical length of the 
upper lip from subnasale to stomion should equal one- 
third of the lower facial third, whereas the lower lip and 
chin from stomion to menton should compose two-thirds 
of the lower facial third. With the lips slightly parted, there 
should be a maximum of 2 mm of maxillary incisoral 
show (61). The upper and lower lip should just appose 
with the teeth in occlusion and the lips relaxed. No more 
than two-thirds of the maxillary incisor should be exposed 
on full smile (62). Although gingival show was historically 
considered undesirable, a small amount on smile is accept- 
able in contemporary society (63). 

The youthful projection of the lips can be determined 
using a line from the subnasale to the pogonion. Burstone 
(64) found that ideal aesthetics were obtained when the 
most anterior aspects of the upper and lower lips lie 3.5 
and 2.2 mm anterior to this line, respectively. This provides 
for a subtle youthful “pout” of the lips (Fig. 170.12). 
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ae 1.2 
Figure 170.12 The most anterior point of the upper lip should 
be 3.5 mm, and that of the lower lip should be 2.2 mm, from the 
Sn-Pg line. Legan and Burstone (65) described the lower face— 
throat angle (Sn-Gn-C), which should be 100 degrees. The lower 
facial height (Sn-Gn) to depth (Gn-C) ratio should equal 1.2:1. 


The height of the white upper lip, the soft tissue between 
the nasal base and the vermilion border, is greater in men 
than in women. The most prominent feature of the white 
lip is the philtrum (from Greek: philtron, meaning “love 
charm”) (61). A well-defined philtrum is associated with 
youth and contributes to the “cupids bow” appearance of 
the vermillion border. 


Neck 


A well-contoured neckline has long been associated with ele- 
gance and beauty. The neck is intimately related to the chin, 
lips, and lower face and must be evaluated relative to these 
structures. The lower face-throat angle (65) describes the 
relationship of the chin to the neck. It represents the extent 
to which the submental tissues are tucked beneath the chin. 
Connecting lines from the cervical point to the menton, and 
from the subnasale to the pogonion forms the lower face- 
throat angle. The intersection of these lines is a virtual point 
called the gnathion. The lower face-throat angle is ideally 90 
to 105 degrees. The mentocervical angle (MCA), described 
by Powell and Humphries, is a tool that better describes the 
relationship of the neck to the face. Rather than using the 
subnasale as a point of reference, the MCA is constructed 
from the glabella. This produces an angle that takes into 
account a broader area of the facial profile (Fig. 170.12). 
The values of the MCA and lower face-throat angle 
are reliant on the relationship of the hyoid bone to the 
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anterior mandible (66). The relative position of these ana- 
tomic entities to one another represents the limiting fac- 
tor in attempts to surgically manipulate the neckline (67). 
An inferiorly and anteriorly positioned hyoid limits the 
amount that the submental tissues can be drawn up under 
the mandible. Conversely, a relatively posterior and supe- 
rior position of the hyoid bone allows for a more acute 
MCA and lower face-throat angle, yielding a more aestheti- 
cally pleasing neckline. 

Equally important in analysis of the neckline is eval- 
uation of the neck skin and soft tissues. Blunting of the 
MCA is commonly caused by age-related skin laxity, pro- 
liferation of fatty deposits, and platysma muscle banding. 
These common culprits should be noted during con- 
sultation so that an appropriate treatment plan can be 
formulated (68). 


METHODS OF FACIAL ANALYSIS 


Cephalometrics 


Orthodontists and oral maxillofacial surgeons tradition- 
ally favor the use of cephalometrics to plan treatment and 
evaluate their results. This method involves measurement 
of the maxillary, mandibular, and dental relations on lat- 
eral radiographs of the face and skull base. A cephalostat 
is used to hold the head in a fixed position to take the 
radiographs. Once obtained, soft tissue and skeletal land- 
marks are traced to plot points, lines, and angles, which 
are then used to evaluate the anterior—posterior position 
of the jaws and teeth in reference to the cranium and each 
other. Numerous systems of cephalometric analysis have 
been proposed and each incorporates a set of reference 
values for the assorted linear and angular measurements. 
Although the various measurements required in this 
method are elaborate, time-consuming, and labor inten- 
sive, it is an excellent method for evaluating craniofacial 
and orthognathic relationships. 


Figure 170.13 Three-dimensional photography. 
Three-dimensional photography allows for accurate 
measurement of soft tissue volume changes and surface 
topography. (3-D image courtesy of 3dMD (Atlanta) 
www.3dmd.com) 
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Photometrics 


Direct evaluation of soft tissue proportions on facial pho- 
tographs, as opposed to radiographic craniofacial relations, 
is the method preferred by most facial plastic surgeons. 
In part, this is because skeletal repositioning maneuvers 
evaluated by cephalometric means are not absolutely cor- 
related with a similar change in the overlying soft tissue. It 
is also extremely convenient to use photograph and video 
images to assess facial proportions and to compare the 
pre- and postoperative results. Similar to cephalometrics, 
multiple angles and ratios between the aesthetic units are 
calculated based on the photographic profile. An excellent 
summary of several cephalometric and photometric analy- 
sis systems can be found in Powell and Humphries (33) 
and in Chapter 171. 


Three-Dimensional Photography 


Facial plastic surgeons have long relied on photography for 
preoperative and postoperative analysis, medical-legal doc- 
umentation, and communication. However, photometric 
techniques only allow for the measurement of two-dimen- 
sional distances, angles, and areas. Additionally, surgical 
outcomes are somewhat subjective because of the difficulty 
in quantifying three-dimensional change on a two-dimen- 
sional photograph (69). 

Recently-developed three-dimensional imaging tech- 
nology allows for accurate measurement of soft tissue 
volumetric data and surface topography (70). The tech- 
nique of acquiring 3-D photographs is technically easy 
and can be completed in the office setting. Most camera 
systems utilize six cameras (3 on each side) positioned in 
front of the patient at oblique angles. All six cameras fire 
simultaneously and the images are acquired in less than 
2 milliseconds. Computer software processes the images 
producing a mesh framework onto which the soft tissue 
contours and colors of the skin are applied (Fig. 170.13). 
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Once the image has been rendered, the physician can accu- 
rately measure angles and distances from any anatomic 
landmark on the face. Multiple studies have proven the 
accuracy of these measurements in comparison to stan- 
dard techniques (71). 

In addition to standard measurements, the three- 
dimensional aspect of the photograph allows the sur- 
geon to evaluate changes in facial volume. The effects of 
aging and volume changes following surgery can there- 
fore be quantified. By performing serial 3-D photographs 
and superimposing each photograph onto the original 
image, a topographical “color map” is created displaying 
changes in facial volume to cubic millimeter resolution 
(69). The ability to quickly and noninvasively quantify 
the face three dimensionally is a major advance in facial 
plastic surgery representing the future of aesthetic facial 
analysis. 


CONCLUSION 


Cosmetic facial surgery is more commonplace in 
Western society than ever before. The widespread avail- 
ability of information via the Internet, social media, 
and other means allows today’s patients to be very well 
informed about the procedures they seek. Now, more 
than ever, surgeons must be knowledgeable about what 
constitutes normal facial features and must be tactful 
in dismissing misconceptions regarding deformity and 
facial harmony. 

During the initial consultation, establishing good rap- 
port is necessary in order to understand the motivations 
for seeking plastic surgery and whether a psychiatric ill- 
ness exists. Expectations from surgery are clearly identified 
to determine if they are realistic, reasonable, and obtain- 
able. Once this information has been gathered, the face 
is analyzed from an aesthetic standpoint. Aesthetic evalu- 
ation requires an understanding of the concepts of facial 
harmony, proportion, and symmetry. This process begins 
with an overall assessment of facial symmetry, followed by 
a stepwise examination of the individual aesthetic masses. 
Each facial feature should be evaluated based on its rela- 
tionship to the face globally and on feature-specific norma- 
tive values. Understanding what constitutes normal helps 
to determine if concerns about a deformity are valid or due 
to psychopathology, such as BDD. 

Modern facial plastic surgeons now have a variety of 
methods to carry out facial analysis. The traditional meth- 
ods of cephalometrics and photography, though widely 
used are being replaced by more advanced three-dimen- 
sional photography. This technology is a major advance in 
facial analysis and is changing the way facial plastic sur- 
geons analyze the face, quantify outcomes, and communi- 
cate with their patients. 


m Properly selecting patients for facial plastic surgery 


is essential to preventing unhappy patients. The 
surgeon must understand the patient's expecta- 
tions, whether they are reasonable, and whether the 
desired result can be delivered. 

Although proportionate features are more likely to 
be aesthetically pleasing, disproportionate features 
can still engender a pleasing overall appearance by 
creating harmony with one another. 

The SAGA tool helps to uncover the patient’s per- 
ception of deformity and its impact on them. 

The rate of psychopathology in cosmetic sur- 
gery patients today approaches that of the general 
population. 

It is generally accepted that patients with a preoper- 
ative diagnosis of depression can undergo cosmetic 
surgery without fear of long-term intensification of 
their symptoms. 

BDD is characterized by an unhealthy obsession 
with one or more body parts. Patients with BDD 
have a preoccupation with some slight or perceived 
flaw in their physical appearance and cannot be 
effectively treated with surgery. 

A system of objective measurements rather than 
simple subjective assessment is important in com- 
municating the degree of deformity and surgical 
corrective goals with the patient. 

Facial analysis should begin with the assessment 
of overall facial symmetry. The face is divided into 
horizontal thirds and vertical fifths; asymmetries 
should be pointed out to the patient preoperatively. 
The profile is assessed with the patient in the Frankfort 
Horizontal position. The Zero Meridian line passes 
through the nasion perpendicular to the Frankfort 
horizontal line and is useful in examining profile 
relationships. The outline of the midforehead, sub- 
nasale, upper and lower lips should rest on this line. 
The pogonion in men should approximate the Zero 
Meridian and in women should fall just behind 
this line. 

An evaluation of the interfacial proportions of the 
profile involves calculating the nasofrontal, nasofa- 
cial, nasomental, and MCAs. 

The NFA is an obtuse angle formed by lines tangent 
to the glabella and nasal dorsum. The vertex of this 
angle is the sellion, and the normal value of the NFA 
varies from 115 to 135 degrees. 

The ideal eyebrow position is at the orbital rim 
in men and slightly above the rim in women. The 
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contemporary concept of the ideal position of the 
apex of the eyebrow has changed over the last sev- 
eral decades; it has been described in line with the 
medial limbus, lateral canthus, or between these 
two points. 

The eyes are the seat of beauty. The medial limbus 
of the iris should lie on a vertical line with the oral 
commissures and the interpupillary and intercan- 
thal distances are approximately equal to the width 
of one eye. 

The position of the auricle contributes distinctly to 
overall aesthetics. The helix forms the most lateral 
extent of the auricle on frontal view and should be 
just visible behind the antihelix and superior crus. 
Due to its central location on the face, even small 
changes to the nose can have dramatic effects on 
overall facial aesthetics. Ideal aesthetics occur when 
nasal proportions and angles are within normal 
limits and harmonize with other facial features. 

On lateral view, the length of the ala and tip should 
be equal with 2 to 4 mm of columellar show below 
the level of the nostril rim. The elegant nasal tip 
profile has a “double break” produced by the tip 
defining point anteriorly and a subtle angulation at 
the junction of the tip lobule with the columella. 
A supratip break exists between the nasal tip subunit 
and the nasal dorsum. 

On basal view, the nose ideally has the appearance 
of an equilateral triangle and the width of the nasal 
lobule is 75% of the width of the entire nasal base. 
The soft tissue envelope of the midface is uniquely 
susceptible to solar damage, gravity, and the aging 
process. Descent of the midfacial skin and soft tis- 
sues with aging leads to the formation of jowls and 
a “squaring off” of the heart-shaped face of youth. 
Though popular, cephalometric and photometric 
analyses lack the ability to evaluate the face in three 
dimensions or quantify volumetric change. Three- 
dimensional photo systems allow the surgeon to 
perform more sophisticated measurements and to 
quantify surgical outcomes. 
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Pictorial Documentation: 
Digital Imaging and 


Traditional Photography 


Andrew K. Patel 


Pictorial documentation—whether film or digital based— 
serves multiple important purposes for the head and neck 
surgeon: medicolegal documentation, physician—patient 
communication, preoperative planning and intraopera- 
tive reference, lay and professional education, and phy- 
sician self-education. In particular, the subfield of facial 
plastic and reconstructive surgery relies heavily on the 
need for standardized photographs for all of the above 
reasons. Photography in facial plastic surgery must be 
accurate, consistent, and of high quality to be useful. 
Photos should be free of distortion, with the greatest pos- 
sible depth of field (DOF). In contrast to a studio por- 
trait, the goal is not to make the patient appear as good as 
possible but rather to represent the patient as accurately 
as possible. Accordingly, this chapter focuses on the prin- 
ciples of good medical photography that relate, for the 
most part, to cosmetic and reconstructive facial surgery. 
Nevertheless, all the topics discussed can be easily applied 
across the broad spectrum of head and neck surgery, as 
indicated. The emerging and now well-established role of 
digital photography is also reviewed in depth and con- 
trasted against traditional 35-mm photography to help 
the surgeon decide which format is better suited for his 
or her practice. 


Rather than divide this section into digital and 35-mm film 
photography, the basic fundamental tenets that underscore 
good photography are universally applicable and can be 
discussed without reference to a chosen format. The pri- 
mary spotlight will remain on good pre- and postoperative 
portrait photography, as this subject represents one of the 
most challenging and vital for the surgeon to undertake 
correctly. However, some practical tips on quality intraop- 
erative photographs will also be outlined. 
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Amir M. Karam 


Samuel M. Lam 


Informed Consent 


Respect for a patient’s privacy is of paramount impor- 
tance for both ethical and legal grounds. Medical records 
should be thought of as a systemic documentation of an 
individual’s medical history. The data contained in the 
physical chart or photographs is also the medical record 
separate from its physical embodiment. Though it may 
seem academic to distinguish the physical document from 
the information it contains, the distinction is important 
and relates to ownership. In the United States, patients 
own the information about their medical past and treat- 
ment contained in the physical form. However, the medi- 
cal provider owns the physical or electronic structure 
that houses the information. Therefore, when discussing 
patient photographs, the patient actually controls the data 
contained in the images unless there is a legal agreement 
to the contrary. Use of patient photography for media or 
educational purposes should always be preceded with a 
thorough and explicit written consent. For instance, now 
with the rise of the Internet as a ubiquitous medium, 
consent forms should reflect every medium in which the 
surgeon intends to use the photographs, including print, 
television, in-office, Internet, etc. The surgeon can also 
state that the photograph will be used only for educa- 
tional purposes and restrict the use of those photographs 
explicitly to scientific lectures and/or scientific articles. 
Further, the patient may be offered the option to camou- 
flage his or her identity by blackening out the eyes, using 
only one angle of view, or cropping the image in a certain 
prescribed way—all of which should be stated clearly in 
the consent and with which the surgeon should comply. 
The surgeon should also guarantee in the consent that the 
patient’s name and identity will not be further revealed 
unless otherwise stipulated by the patient, for example, as 
a testimonial. 


Chapter 171: Pictorial Documentation: Digital Imaging and Traditional Photography 


Standardization 


In order for a photograph to carry any meaningful signifi- 
cance, the photographs must be standardized in the fol- 
lowing manner: same photographic media, equipment, 
and settings; consistent patient positioning and absence 
of distracting elements (makeup, jewelry, hairstyle); and 
identical lighting and background. Besides these consider- 
ations, the same photographer (physician or staff member) 
should try to take all of the photographs because slight 
individual interpretation of these rules can lead to dissimi- 
lar photographic results. Before taking the postoperative 
images, the photographer should also review the preop- 
erative images and then alter the necessary parameters to 
match the preoperative photographs. For example, if the 
preoperative oblique view shows that the patient is turned 
too far laterally, the photographer should try to match the 
same patient positioning (albeit less than ideal) in order 
that the postoperative image can be meaningfully com- 
pared. 


Standardized Equipment 

Whether the physician ultimately decides to use film or 
digital media in his or her practice, the same camera should 
be used for all “before-and-after” photographs in order to 
ensure exact reproducibility in the photographic image. In 
addition, the same camera lens and camera settings (aper- 
ture, shutter speed, and exposure values) should be main- 
tained, as any slight deviation can cause a quite obvious 
disparity in color, contrast, and shadowing. If the surgeon 
is using film, the exact same film stock should also be 
used, that is, the brand, film speed, and type (color reversal 
[slide, transparency] vs. negative) must be preserved. 


Standardized Patient Positioning and Related 
Information 

Proper patient positioning is the most demanding aspect 
of achieving reproducible photographic images. The same 
camera-to-subject distance must be maintained: this objec- 
tive can be attained by placing the patient’s stool and the 
camera over prescribed markings on the floor (Fig. 171.1). 
By using a fixed lens, that is, a lens that has no “zoom” 
capacity, the physician can also minimize any distortion 
and variability caused by altering the focal distance. The 
Frankfort Horizontal Plane must also be observed: the 
line that runs from the supratragal point through the infe- 
rior orbital rim defines the horizontal plane of the image 
(Fig. 171.2A-C). The Frankfort Horizontal Plane should 
be respected in the frontal, oblique, and lateral views. The 
basal view that is mandatory for rhinoplasty, malar aug- 
mentation, and midfacial trauma is defined by aligning 
the tip of the nose with the infrabrow line (Fig. 171.2D). 
On the oblique view, the patient should also be turned 
to a certain angle by one of two methods: (a) align the 
inner canthus of the eye with the oral commissure or (b) 
align the nasal tip with the malar eminence (Fig. 171.2). 
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Figure 171.1 Standardized photography requires a dedicated 
photography room where all pre- and postoperative photographs 
are taken. A rotating stool with a low or no back is used to rotate 
the patient's entire body to the prescribed angle for each view. The 
digital camera is mounted on a tripod with a quick-release head 
that can easily adjust from a vertical to a horizontal frame position. 
In turn, the tripod rests on a rolling dolly to facilitate maneuver- 
ability. Markers have been placed on the wall to guide the patient 
how far to rotate the body in the oblique and lateral positions. In 
this setup, the back leg of the patient's stool contacts the wall, and 
the tripod’s center frame is aligned with the edge of the computer 
table in order to maintain a standardized camera-to-subject dis- 
tance. (If flash photography were used, the patient should not be 
so close to the wall to avoid harsh background shadows.) The back 
wall is painted a light blue color as a neutral background color. 


Whichever method is chosen, the surgeon should attempt 
to rely on the same method for all images. Another reli- 
able technique to ensure that the patient turns to the cor- 
rect angle each time is to place markers on the wall that 
indicate where the patient should turn and face for an 
oblique and lateral view. When turning to the oblique and 
lateral positions, the patient should rotate the entire body 
in alignment with the face and not just turn the head to 
those positions, which creates neck distortion, especially 
in the lateral view. A rotating stool with a low back (that 
does not enter the frame of the image) is ideal for this goal. 

One of the most common errors encountered is patient 
positioning with the neck tilted upward and extended, 
especially in the more mature patient who wants to reduce 
the appearance of unwanted neck-tissue redundancy. In 
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Figure 171.2 Standardized photographic views that show (A) frontal, (B) right oblique, (C) 
right lateral, and (D) basal of the patient. The horizontal line drawn in A-C indicates the Frankfort 
Horizontal Plane that runs through the supratragal point and the inferior orbital rim, which should be 
respected. The horizontal line in D shows the alignment of the nasal tip with the infrabrow line. The 
vertical line in B shows the alignment of the nasal tip with the malar eminence. 
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addition to distortion of the neck, over- or underrota- 
tion of the neck can cause the nose to appear erroneously 
rotated or derotated, respectively, and would compromise 
any photography for rhinoplasty (Fig. 171.3). Patients may 
also reflexively attempt to lift their brow if they have signif- 
icant brow ptosis, making the pre- and postoperative result 
for browlift or upper blepharoplasty less meaningful. If the 
patient exhibits this behavior, the photographer should ask 
that the patient close his or her eyes forcefully and slowly 
open them until they appear fully open. This maneuver 
will help break the unwitting contribution of the frontalis 
muscle. The patient may also instinctively smile when pos- 
ing for a photograph, so the photographer should gently 
remind the patient that no facial expression should be dis- 
played. 

Each type of planned surgical procedure mandates a dif- 
ferent set of standardized positions with or without addi- 
tional optional views (Table 171.1) (1). Besides patient 
positioning, distracting elements from jewelry, makeup, 
clothing, and hairstyling should also be minimized. All 
obstructive jewelry, for example, necklaces and pendulous 
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earrings, should be removed. Turtlenecks and high-necked 
collars can also obstruct a straightforward view of the 
neck and should be pulled down or folded inward to 
enhance effective communication. All eyeglasses should be 
removed regardless of what facial surgery is being contem- 
plated. Hairstyling ideally should be pulled back to show 
an unobstructed view of the eyes, nose, ears, lips, and neck 
and to be reduced to an unobtrusive element. Shorter hair- 
styles that do not interfere with any of the major facial fea- 
tures and the neck can be left alone or swept behind the 
helix of the ear as needed. All makeup should be removed, 
especially if any dermatologic resurfacing or scar revision 
is planned. 


Lighting and Background 

Lighting is also a critical element that should be standard- 
ized. Ambient lighting can be used alone or combined 
with fill lights or flash strobes. If the ambient lighting is 
too strong and casts a heavy shadow over the patient's 
facial features, then balanced fill lighting can be used 
to soften these harsh shadows. Hot lights positioned at 
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Figure 171.3 Poor patient positioning is shown with the neck overrotated and extended that 
leads to distortion of the neck as well as for the nose, as seen from the frontal view (A) and from the 


profile view (B). 


TABLE 


Procedure 


Botulinum toxin (Botox) 
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RECOMMENDED, STANDARDIZED PHOTOGRAPHIC VIEWS 
4x) FOR SPECIFIC FACIAL PROCEDURES 


Standardized Views 


Frontal; frontal smiling: frontal frowning: frontal brow elevation (All 
photographs are taken before the first session regardless of what 


areas will be treated in order to enhance patient dialogue should 
the patient complain as well as to reduce the need for further 
photography if the patient desires other areas treated during 


future sessions.) 


Rhinoplasty Frontal; basal; L/R oblique; L/R lateral; +/— dorsal (head tilted down 
for a crooked nose) +/— smiling laterally (If the patient has an 
active depressor septi muscle that alters the nasal tip position 


during animation.) 


Blepharoplasty/browlift Frontal; L/R oblique; L/R lateral; closeup (May also take with eyes 
closed and upward gaze.) 

Rhytidectomy Frontal; L/R oblique; L/R latera 

Otoplasty Frontal; L/R oblique; L/R lateral; posterior; R/L lateral closeup 
(Remember to tie long hair back in a bun and/or wear a headband 
to lift away obstructing hair.) 

Malar augmentation Frontal; L/R oblique; L/R lateral; basal 

Hair transplant Frontal; L/R oblique; L/R lateral; posterior; posterior with head tilted 


back; frontal with head tilted down +/— closeup of anterior/lateral 
hairline (When photographing the hair, the hair should be styled 
in a standardized fashion and “combovers” eliminated.) 


Lip augmentation 


Frontal; L/R oblique; L/R lateral; closeup mouth (Remember to 


remove lipstick, lip liners, and other makeup that can interfere 
with reproducible photography.) 


Scar revision 


Frontal; L/R oblique; L/R lateral; closeup (Consider reducing the 


exposure value to highlight the scar.) 


45 degrees in front on both sides of the patient can be 
further softened by aiming the lights away toward reflec- 
tive umbrellas. A “kicker” light placed behind the patient 
can fill in any remaining shadows cast by the two forward 
placed 45-degree lamps and slaved to go off when the cam- 
era's shutter is depressed (Fig. 171.4). Placing the patient 
an appropriate distance away (~2 feet) from the rear wall 
can also minimize unwanted shadows. Generally, an on- 
camera flash tends to cause excessive highlights and shad- 
ows and a “washed-out” appearance to skin tones, but 
experimentation will determine the best balance of light- 
ing for a particular room and camera. Rather than use fill 
lights or strobes, the ambient lighting and the camera’s 
aperture/exposure can be adjusted to achieve the desired 
lighting objective. Furthermore, the ambient room lighting 
can be altered to match the color spectrum (e.g., daylight 
balanced) of the film used or the settings of the camera so 
that, for example, a green cast from fluorescent lights may 
be avoided. If shadows and highlights are desired in order 
to accentuate a scar or other contour irregularity, for exam- 
ple, prominent nasolabial lines for correction with a soft 
tissue filler, then the balanced fill lights (if used) should be 
turned off. In addition, the exposure value can be reduced 
in order to draw out the intended feature. Obviously, the 
same settings should be used for the postoperative views. 


The background should also be uniform and light in 
color. Ideally, a powder blue background is preferred. Too 
dark a background can swallow the facial features and 
should be avoided. Rather than hanging a blue drape behind 
the patient, a smooth wall can be painted the desired blue, 
as a wall will remain flat and wrinkle free. Again, using the 
exact same room with the same lighting will aid in achiev- 
ing reproducible results. Conversely, carrying a portable 
blue background material from room to room to photo- 
graph the patient will most likely lead to subtle, if not obvi- 
ous, inconsistencies in the photography. If a wall is to be 
painted blue, it may be wise to record the exact shade of 
blue, or corresponding numeric code, so that if the physi- 
cian should have to relocate the photography room in the 
future the same blue color can be precisely reproduced. 


Intraoperative Photography 


Although good pre- and postoperative photography 
remains the core of this section, proper techniques for 
superior intraoperative photography should be men- 
tioned herein. Intraoperative photographs can be used to 
document medicolegally what transpired in the operating 
theater but primarily serve as an educational tool for other 
training surgeons or as part of a didactic presentation in a 


Chapter 171: Pictorial Documentation: Digital Imaging and Traditional Photography 


background Ne ) Ye 


top kicker light 


umbrella lights 


camera 


scientific forum. A few basic techniques that have evolved 
from practical experience should be mentioned to help the 
surgeon achieve excellent results. 

First, when taking any intraoperative photograph, care 
should be exercised to remove all bloodstains both on the 
patient’s tissues and on the surgeon’s gloves, as these ele- 
ments that may appear inconspicuous through the lens 
become glaringly obtrusive when the final photograph is 
viewed. If sequential photographs are taken to document 
the stepwise approach to a procedure, the same angle 
should be maintained to enhance the clarity of commu- 
nication. If a removed specimen is to be photographed, a 
ruler should be placed adjacent to it in order to provide 
dimensional understanding of the specimen. A metallic 
ruler can often cast a glare and obscure the legibility of the 
measurements: instead, a black ruler with white measure- 
ment markings minimizes glare and is ideal, albeit possi- 
bly difficult to procure. 

Although a ring flash mount may provide uniform 
intraoral or other facial illumination, another method 
may serve as a better option. The intraoperative room 
lights are turned off and only two dedicated overhead, 
directional lights are positioned at 45-degree angles to the 
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seated patient 


Figure 171.4 Standardized light- 
ing is very important for good pho- 
tography. If the ambient lighting 
is insufficient or casts very harsh 
shadows, fill lights can be used to 
soften the shadows. Ideally, two 
lights placed at 45-degree angles in 
front of the patient can be softened 
with the use of reflective umbrellas, 
and a “kicker” light that illuminates 
the background positioned above 
and behind the patient. These 
lights can be triggered to strobe 
as a slave unit when the camera’s 
shutter is depressed or remain 
constantly on to be turned off after 
the photographic session is over. 


specific facial feature that the surgeon wants to highlight. 
The camera is set to spot meter off of the subject so that 
the surrounding background fades to a uniform black. 
The wrinkled blue background of a surgical gown or other 
drape held behind the subject always looks unprofessional 
and distracting. The described technique should be prac- 
ticed with a particular camera’s settings until the correct 
exposure is established (2). 


TRADITIONAL PHOTOGRAPHY 


Traditional, 35-mm film photography remains the “gold 
standard” by which the quality of digital photography is 
judged, though digital single lens reflex (SLR) photog- 
raphy offers many new advantages. Advantages of digital 
photography include ability to crop and adjust on a com- 
puter, instantaneous pictures, and easy storage and filing 
of images. The following section will discuss the various 
equipment needs for digital and 35-mm_ photography: 
many of the components discussed for 35-mm photog- 
raphy also apply to digital imaging, as camera body and 
lens designs for digital imaging have often been based on 
original 35-mm models. 
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Camera 


Camera models can be divided into two basic types: point- 
and-shoot and SLR. Point-and-shoot cameras typically 
have the lens and body sold as one compact unit and are 
convenient for nonprofessional purposes like vacation 
photographs where portability is a priority. SLR cameras are 
higher-end models that usually consist only of the camera 
body with the lens (which can be interchanged with lenses 
of other focal lengths as needed) sold separately. Besides 
higher production quality that is characteristically associ- 
ated with an SLR camera, this kind of camera also benefits 
from the absence of parallax error. An SLR camera avoids 
this distortion because the image seen through the view- 
finder exactly matches what the film plate will be exposed 
to, as a mirror that transmits the image through the lens to 
the viewfinder is displaced to expose the film plate when 
the shutter is depressed. 

With the rise of digital products, prices for 35-mm SLR 
cameras have plummeted. Nevertheless, many of the very 
advanced features that appear on an SLR camera are exces- 
sive for clinical photography, for example, high rate of 
frames taken per second, manual controls, etc. A basic SLR 
camera body that will accommodate high-quality lenses is 
sufficient for clinical usage. 


Basic Photographic Concepts 


In order to take consistently good standard photographs 
that will allow you to document the nuances of the human 
facial anatomy, an understanding to basic photography 
is required. One important concept is the DOE This is 
the distance range in which the relevant portions of the 
image are in sharp focus. The focal point is the point in the 
image that appears sharpest. For example, if the point of 
interest is the nose, with the appropriate DOE everything 
including the ears would be in focus on frontal view. In 
this case, the nose would be the focal point and therefore 
have the sharpest focus within the DOF Having the correct 
DOF is important during facial photographic documenta- 
tion. Digital SLR cameras allow manipulation of the DOF 
by changing three variables: the focal length of lens, the 
aperture size, and the distance of the subject to the pho- 
tographer. 

The shorter the focal length of the lens, the larger the 
DOE Point-and-shoot cameras exploit this property in 
order to keep everything in focus. This inverse relationship 
between the focal length and DOF is important when using 
digital SLR cameras, as interchanging lenses with different 
focal lengths can be used to modify DOE In some cases, 
distortion can occur with change in focal length; therefore, 
changing focal length to enhance DOF is not always ideal. 

Unlike the inverse relationship between DOF and focal 
length, the distance between the photographer and the 
subject directly effects the DOE At any given focal length, 
objects that are imaged at long distances will be seen with 
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greater DOE Space constraints in most studios often limit 
this possibility. 

Of the three variables, the ideal way to increase the DOF 
is by manipulation of the aperture size (3). The DOF varies 
inversely with the aperture size. Aperture size is measured 
in f-stops, which is a value based on a calculation of the 
ratio of the focal length of the lens to aperture diameter in 
millimeters. Therefore, an f-stop of f/16 is a smaller aper- 
ture size than an f-stop of f/4. In other words, an aperture 
f/16 provides a greater DOF than an f-stop of f/4. With 
each increase in f-stop, the aperture area is roughly halved, 
and the DOF is therefore increased. 

When changing aperture size to improve DOE it is 
important to realize that exposure will be affected by 
changes in the aperture size (3). Increasing the DOF by 
increasing the f-stop will result in less light entering the 
camera. To maintain the correct photographic exposure 
when the f-stop is increased, two factors can be manip- 
ulated. The first factor is the sensitivity of the medium 
used to light. In 35-mm film cameras, this was mea- 
sured with the American Standards Association (ASA) 
or International Organization for Standardization (ISO) 
scale. The greater the sensitivity of the medium to light, 
the higher the ISO (3). Digital SLR cameras have the 
ability to alter the ISO value. With digital SLR cameras, 
to maintain the correct photographic exposure when the 
f-stop is increased, the shutter speed needs to be reduced 
to prevent underexposure. Shutter speeds range from 
1/60 to 1/1,000 of a second. Therefore, if increasing the 
f-stop is performed to increase the DOE, the shutter speed 
should be reduced as well. 

For clinical purposes, the following basic guidelines 
are suggested for managing the camera settings. Four 
basic types of settings exist for most advanced SLR cam- 
eras: automatic, aperture priority, shutter priority, and 
manual. Automatic mode functions by allowing the 
camera’s onboard computer to decide both aperture and 
shutter speeds. The lack of control using this setting may 
result in variability. Manual mode allows absolute photo- 
graphic control but can be burdensome and yield poorly 
exposed photographs in less than professional hands. 
Aperture priority (A mode) allows the photographer to 
adjust the aperture setting while the camera’s onboard 
computer automatically alters the shutter speed to 
achieve the ideal exposure given the ambient conditions; 
shutter priority (S mode) allows the converse, that is, 
control of the shutter speed, while the computer adjusts 
the aperture automatically. Clinically, aperture priority 
is the preferred mode, which ensures the appropriate 
exposure while achieving the best DOF. The smaller the 
aperture (that correlates with a higher numeric “f’-stop) 
yields greater DOE It is helpful to experiment with the 
different aperture settings to determine the ideal DOF 
without excessively long shutter speeds, which can in 
turn lead to camera shake and a resultant blurred photo- 
graphic image. 
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Lenses 


A high-quality lens that attaches to an SLR camera is the 
most important element to attain distortion-free, high- 
quality photographs. Whether shooting with 35-mm 
film or digital SLR, the lens can be used interchangeably 
between the two systems. A reputable manufacturer, for 
example, Nikon or Cannon, is a reliable indicator of lens 
quality. Lenses are characterized based on the focal length, 
which is defined as the distance in millimeters from the 
optical center of the lens to the focal point, which is 
located on the film or camera sensor if the subject is in 
focus. The field of view (FOV) is determined by the angle 
of view from the lens out to the scene and can be measured 
either vertically or horizontally. Thirty-five-millimeter SLR 
cameras use larger sensors or films in order to capture a 
wider FOV. The FOV that is associated with a focal length 
is usually based on 35-mm photography. For example, in 
35-mm photography, lenses with a focal length of 50 mm 
are called normal as they work without magnification or 
reduction. Lenses with a short focal length function as 
wide angle lenses and therefore capture more because they 
have a wider picture angle. Conversely, lenses with long 
focal length function as telephoto lenses and have a nar- 
row picture angle. 

Digital cameras on the other hand, capture images on 
sensors called charged coupled devices (CCDs), which 
are smaller than 35-mm camera frames (3). As a result, 
the smaller CCD sensor captures only the central por- 
tion of the information projected by the lens. This results 
in a cropped FOV and is the same effect as using a lens 
with a longer focal length (e.g., telephoto). The correction 
factor for the difference in size of the sensor to the tra- 
ditional 35-mm window is called the focal length multi- 
plier (FLM). This is an important concept to understand 
as it explains why the same lens will take different looking 
photos on a 35-mm SLR camera body versus a digital SLR. 
Specifically, at the same focal length, the digital SLR can 
produce a distortion of the midface (fish-eye look) as a 
result of the FLM. With digital SLR cameras, the FLM refers 
to the effective lengthening of the focal length and is equal 
to the diagonal of the 35-mm film (43.3 mm) divided by 
the diagonal of the sensor. In the example of Nikon digital 
SLR cameras, the FLM is 1.5, and therefore, a lens with a 
focal length of GO mm would be equivalent to a 90-mm 
SLR lens when fitted on a digital Nikon SLR. For pictorial 
documentation, it is critical to use a lens that produces 
the least distortion and provides the largest DOF to ensure 
that the entire face is in focus. Macro lenses between 90 
and 105 mm meet these criteria for 35-mm SLR cam- 
eras, and macro 60 mm meet these criteria for digital SLR 
cameras. Although a better DOF is provided by lenses 
with shorter focal lengths, the facial anatomy distortion 
becomes significant. 

For 35-mm film portrait photography, a 105-mm macro 
lens will provide photographic images without shape 
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distortion like a disproportionately magnified nose and 
reduced ears in a fish-eye look that may be present with 
other focal lengths. For digital photography, a 60-mm 
macro lens will provide the optimal photographic image 
for facial photography. 


Data Back 


An optional feature that may be worth purchasing for 
an SLR-type camera body is a data back, which usually 
replaces the hinged door on the back side of the camera 
used for film exchange. The data back provides the capacity 
of recording time and date onto the exposed film, which 
may serve as a useful tool for memory recall, photographic 
organization, and legal documentation. Digital cameras, 
on the other hand, do not require this feature, as the time, 
date, and other information are recorded with each image 
automatically. 


Viewfinder Grid 


The standard unmarked viewfinder can be replaced in 
many camera models with one that has vertical and hori- 
zontal markings on it. These marks help guide the photog- 
rapher when following the guidelines enumerated in Figure 
171.1 for good photography, for example, the Frankfort 
Horizontal Plane, aligning the inner canthus to the outer 
oral commissure on the oblique view, etc. (Electronic, on- 
demand grids come equipped on some high-end digital 
camera models that replicate this feature. ) 


Tripod 


Speaking of camera shake, a tripod upon which a camera 
can be mounted promotes a stable platform for portrait 
photography. For intraoperative usage, setting up and using 
a tripod can be overly taxing and also violate sterile surgi- 
cal field. If a tripod is to be used for portrait photography, 
several tripod features are worth acquiring. A quick-release 
feature on the tripod head permits the camera to be rap- 
idly removed and taken free hand as needed. An easily 
adjustable tripod neck that allows rotation of the camera to 
achieve horizontal and vertical framing is also an important 
feature. Finally, wheels that can be mounted to the base of 
the tripod afford easy maneuverability so that the tripod 
can be positioned without having to lift and relocate it. 


Film 


Although traditional film-based photography may be 
divided into 35-mm, medium-, and large-format film 
types, 35 mm has remained the mainstay of practical 
clinical photography with the latter two types relegated 
to nonmedical, artistic endeavors. Thirty-five-millimeter 
film may be purchased either as negative or transparency 
(reversal) stock. Generally, the latter has been preferred for 
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several reasons. Slide film produces accurate skin tones, is 
relatively inexpensive, is easy to project for scientific and 
patient communication, requires little storage space, and 
can have good archival preservation. Generally, if suffi- 
cient lighting is present, then a fine-grain film like 25 or 
64 speed film is preferred for the high quality of the image 
and reproducibility of that quality when enlarged (4). If 
the physician prefers to remain in a film-based medium, 
it would be advised to consider using a digital camera or 
a Polaroid for immediate feedback and to ensure that the 
necessary image has been obtained. Also, use of a digital 
camera and/or Polaroid facilitates immediate patient dia- 
logue that would otherwise be deferred due to processing 
time of slide film. 


DIGITAL IMAGE MANAGEMENT 


A few years ago, digital photography was in a nascent stage 
of development, and chapters described digital imaging 
only briefly as a tentative alternative. Today, digital pho- 
tography has continued to make rapid technologic strides 
and has challenged 35-mm photography for its many 
benefits: no consumable costs of film, instant image feed- 
back, capacity for digital morphing, no physical storage 
space, no processing time or expense, and easy reproduc- 
ibility and backup. Nevertheless, the initial setup cost for 
digital photography can be quite high due to the asso- 
ciated hardware requirements, for example, computer, 
cables, software, storage, etc. Today, most offices already 
use computers, so few additional hardware expenditure 
is typically required. Moreover, the cost of technology is 
rapidly tumbling, and the lack of consumables will off- 
set initial outlay very rapidly, unless every photograph 
is printed, for instance, on expensive inkjet paper. The 
primary criticism leveled against digital photography in 
the past concerned the purported dubious image qual- 
ity as compared with the “gold standard” of 35-mm 
film. However, that argument is truly obsolete with the 
rise of 12 megapixel cameras and beyond. No accurate 
comparison can be made between a digital pixel and the 
silver-halide grain of film, but this argument really bor- 
ders on arcane academic banter and lacks any practical 
clinical import. This section discusses input devices (digi- 
tal cameras and scanners [to convert 35-mm images over 
to digital]), image processing and storage (compression, 
archiving, and morphing), and output devices (printers 
and projectors) (5). 


Input Devices 


Cameras 

Like 35-mm film cameras, digital cameras may be broadly 
classified as point-and-shoot and SLR-type models 
(Fig. 171.5). Due to an SLR digital camera’s expense, many 
consumers purchase a point-and-shoot digital model. Like 
35-mm cameras, an SLR digital camera can offer higher 
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image quality and flexibility. Oftentimes, an SLR digital 
model will accommodate traditional 35-mm lenses, which 
can greatly save expense for the owner of these same lenses. 
Obviously, a high-quality, aspherical lens achieves com- 
mensurate value as in 35-mm photography. However, 
unlike traditional 35-mm film photography, the digital 
camera body contributes significantly to image quality, in 
terms of pixel resolution, color variation, dynamic range 
(i.e. the ability to capture the broad spectrum of bright 
whites to dark blacks), and light sensitivity. For these rea- 
sons, as mentioned for SLR cameras, it is imperative that 
the same digital camera and lens (not to mention the same 
lighting and studio) be used to attain consistent photo- 
graphic results. Unlike 35-mm film in which a 105-mm 
macro-type lens provides a distortion-free image in portrait 
photography, various lenses may provide a true 1:1 image 
for a particular digital camera based on the size of the CCD 
or CMOS (complementary metal-oxide semiconductor), 


Figure 171.5 Like 35-mm cameras, digital cameras can be clas- 
sified as point-and-shoot (A) and as SLR models (B). Unlike 35-mm 
photography, the digital camera body can be as important as the 
quality of the lens in obtaining superlative photographic results. In 
general, digital SLR models have better build-out quality, but the 
prospective consumer should always evaluate objective reviews 
before any purchase. 


Chapter 171: Pictorial Documentation: Digital Imaging and Traditional Photography 


which would be analogous to the 35-mm film plate. As 
reviewed above, the prospective consumer should ask 
the manufacturer of the SLR digital camera, which focal- 
length lens will provide a distortion-free 1:1 image for 
that specific camera model. As a general example, the 
60-mm Cannon macro lens on a Cannon SLR body will 
achieve distortion-free photos comparable to the 105-mm 
macro/35-mm SLR combination. Since film is not used, 
ISO or ASA ratings that describe the light sensitivity of a 
particular film stock are not applicable for digital cameras. 
Nevertheless, as most consumers are familiar with what an 
ISO/ASA rating means, some digital cameras have adopted 
this terminology to describe the light sensitivity of a CCD/ 
CMOS, with standard digital models having an ISO rat- 
ing of between 50 and 200 and higher-end cameras over 
400. DOF can also be different for a specific “f’-stop, as 
compared with a traditional 35-mm setup. Generally, a 
smaller numeric “f’-stop (ie., wider aperture) will yield 
a greater DOF than in a 35-mm equivalent. Despite these 
differences, many of the principles outlined for good pho- 
tography and basic equipment parallel those discussed for 
35-mm photography. 


Scanners 

Scanners are used to convert a 35-mm library or select 
printed images into the digital medium. There are basically 
two types: flatbed and film scanners. The former consists of 
a specialized camera housed below a clear glass panel with 
a hard, opaque cover that scans an image in a linear fash- 
ion to convert it into a digital version. The flatbed scanner 
benefits from versatility (ability to scan multiple media, 
like photographs, tables, graphs, text, and—with the right 
adapter—even transparency or negative film) and econ- 
omy (a relatively low cost). Film scanners are dedicated 
to scanning only slides or negatives and can do so often 
very quickly and at a higher resolution. Unfortunately, they 
also tend to cost considerably more in price. Sophisticated 
image correction software to repair damaged and faded 
slides are also featured in some high-end film scanners, 
like with the Nikon’s series of film scanners. 

Four parameters define a scanner’s ultimate output 
quality: optical resolution, bit depth, color accuracy, and 
optical density (OD). Optical resolution simply refers to 
the number of pixels per inch (ppi) and can be achieved 
by a straightforward pixel per pixel output or manipulated 
by a process known as interpolation, which can prove 
to be inferior. Most scanners offer an optical resolution 
between 300 to 4,800 ppi and an interpolated resolu- 
tion of 0 to 1,900 ppi. Generally, 300-ppi scanning is suf- 
ficient for printed materials, whereas a 72-ppi resolution 
is adequate for web or monitor display. Bit depth refers 
to the maximum number of colors that each pixel of an 
image can display. This numeric value is expressed as the 
exponential power of 2. For instance, a 1-bit image has 
two colors (2!) like black and white. Although most moni- 
tors only output 24-bit images (i.e., 2, or 16.7 million 
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colors), scanners can exceed this value and be 30, 36, or 
even 42 bits. However, these higher bits are not superflu- 
ous, but the added data undergo a selection process for 
the best bits of color information to yield a 24-bit out- 
put product. Color accuracy refers to the scanner’s ability 
to reproduce faithfully the original photographic image’s 
colors. The International Color Consortium measures this 
accuracy with the “Delta E” value. Good Delta E values fall 
below 10, whereas poorer figures exceed 30. Finally, the 
OD usually is only a descriptor on higher-end models and 
denotes the brightness that a scanner can capture. OD is 
expressed in a logarithmic fashion so that a scanner with a 
3.6 D (or OD) will have 10 times the brightness of 1 with 
a mere 2.8 D. If a scanner does not list an OD, the rating 
probably falls between 2.8 and 3.0. It is recommended to 
have a minimum of 3.2 D for transparencies and 3.4 D for 
negatives. 


Image Retrieval, Storage, and Morphing 


Compression 

Compression refers to the mathematical algorithm used 
to reduce an image’s overall size and therefore neces- 
sary memory allocation. Although there are many com- 
peting compression formats, the two most popular and 
relevant for clinical utility are TIFF (Tagged Image File 
Format) and JPEG (Joint Photographic Experts Group). 
TIFF represents a “lossless” compression, in which there 
is no loss in image resolution after the image is com- 
pressed. Unfortunately, due to the smaller compression 
ratio (typically 2:1 or 3:1), file sizes can be quite large on 
the order of several megabytes. JPEG images are “lossy” 
images that lose some quality (usually undetectable to 
the human eye) when compressed with reduction in file 
size from 10:1 to 300:1. Clearly, the more the file is com- 
pressed, the greater the loss in quality. Interestingly, every 
time a JPEG image is cropped or altered in any way then 
saved, additional loss of image quality is incurred. If the 
image will be manipulated numerous times, it may be 
wise to work from a TIFF image then convert to JPEG on 
the final edit. 


Editing and Morphing 

One of the complaints about digital imaging concerns 
the ability to “doctor” or alter an image unethically. This 
charge is a bit misguided because 35-mm film can also 
be digitally altered and returned to its original format. 
Further, some editing software like Canfield Scientific’s 
Mirror system has built-in authentication process to detect 
altered images. What constitutes ethical editing? Color bal- 
ancing and fine adjustment of hues and brightness, just as 
if you had sent film to a processing laboratory, should be 
considered proper. Further, cropping extraneous elements 
in an image so long as the image integrity has not been 
undermined should be deemed acceptable as well. These 
powerful tools underscore the strengths of the digital 
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format. Intentional editing, or morphing, allows alteration 
of a digital image so that the surgeon can communicate 
with the patient an intended aesthetic result. Care should 
be taken to avoid overpromising and to remind the patient 
of the shortcomings in accuracy of a digitally morphed 
image. Morphing can be particularly effective when dem- 
onstrating to a patient the change in nasal profile and/or 
change in the neck and chin region for two principal rea- 
sons. First, the patient rarely if ever sees himself or herself 
from the side view. Second, the soft tissues are contrasted 
against a blue background, making image alterations rela- 
tively straightforward (as compared with moving skin over 
skin in a frontal view). 


Archiving 

The lack of physical space that a digital library takes up is 
also an undeniable benefit. However, the physician would 
be wise to select a good archiving program early so that the 
growing catalog of digital images can be easily organized 
and subsequently retrieved. There are two basic types of 
archiving software: browser and catalog. Browser-type soft- 
ware permits simple retrieval of graphic images and is usu- 
ally bundled free with purchased digital cameras. On the 
other hand, catalog software often permits more sophisti- 
cated handling of many file types (text, graphic, video, and 
audio) and can attach metadata to a file. Metadata refers to 
the descriptive text that can be attached to a file to facilitate 
its retrieval, for example, “Susan Smith,” “Crooked Nose,” 
etc. It is often easier to maintain the alphanumeric name 
that a camera assigns to an image, for example, DSC_1789. 
jpg, and simply attach descriptive metadata to it. When 
organizing patient’s images in a hierarchical folder, place- 
ment of the year, followed by the month, then the day, for 
example, 2005-11-6 for November 6, 2005, is preferred so 
that chronologic order is maintained. 


Storage 

Digital imaging permits infinite backup without the con- 
siderable expense associated with copying film transpar- 
encies or negatives. Backing up data should occur on a 
daily or weekly basis, and data should be stored both on 
premises and off site to ensure maximal protection. Many 
options exist for data storage including magnetic drives, 
magnetic-optical drives, optical drives, tape drives, and 
hard drives. Generally, tape and magnetic media are pre- 
ferred for large storage backups, whereas optical media are 
better suited for smaller file-to-file storage. 


Output Devices 


Printers 

Three principal types of printers exist for photographic 
reproduction: inkjet, dye-sublimation, and color laser. 
Inkjet printers comprise the majority of printer sales and 
can provide high-quality print resolution. They function by 
spraying small amounts of ink onto the paper in halftones 
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that are layered on top of one another. Parameters that 
define a high-quality printer are as follows: printer resolu- 
tion expressed in dots per inch (dpi) with a good printer 
having upward of 1,440 dpi; the number of color inkwells 
(3 being a relatively low number and 6 being a favorable 
number); and the size of the ink droplets (3 to 4 pL are 
superior to 6 to 18 pL). Lightfastness refers to the print- 
er's capacity to produce an image that retains color and 
avoids unfavorable color shifts over time, with some recent 
models being able to exceed 100 years in lightfastness. 
Dye-sublimation printers, or dye-subs, work by deposit- 
ing vaporized ink lifted from a colored ribbon onto a spe- 
cialized paper to achieve a more continuous-toned print. 
Unfortunately, these printers are more expensive and can 
only print a predetermined size, for example, 5 x 7 or 8 x 
10 inch. Paper costs can also exceed that of quality inkjet 
paper. Color laser printers can produce high-quality images 
at a faster rate than inkjet printers. In addition, consum- 
able costs can be lower, and machines are more durable. 
However, initial cost outlay for a laser printer can be con- 
siderably higher than a standard inkjet. Office volume and 
cost expenditure will dictate which printer is best suited 
for the job. The one major limitation that still faces the 
conversion of on-screen to printed digital images concerns 
color correction. Many digital images are created in RGB 
(red-green-blue) mode that is native to computer moni- 
tors. However, printers work in CMYK (cyan, magenta, 
yellow, and black [the “key” color]) mode. The translation 
from one color scheme to another can cause some color 
mismatch. Details for color correction lie beyond the scope 
of this chapter. 


Projectors 
Scientific, marketing, and business conferences have 
attested to the advent of the digital revolution: increas- 
ingly, digital projectors are preferred to traditional slide 
projectors for effective communication. The ability to 
embed animation and video footage during a digital pre- 
sentation has made the digital format an unquestionably 
superior medium of communication. The different types 
of projectors that are available today include cathode ray 
tubes (CRTs), liquid crystal displays (LCDs), digital light 
projectors (DLPs), and plasma display panels. CRT projec- 
tors deliver a strictly analog signal, as compared with all 
of the other aforementioned types. Despite this fact, some 
proponents of CRTs argue that they provide as good if not 
superior image quality to their digital counterparts. LCD 
projectors may be divided into higher quality Polysilicon 
types and standard active-matrix styles. DLPs rely on 
micromirrors and have been cited to produce brighter 
images and have superior video capacity. However, LCDs 
have been thought of having better color contrast and satu- 
ration. Plasma screens work by combining pixels with CRT 
phosphors. 

Several specific parameters should be sought when eval- 
uating a projector's utility. Clearly, portability is important 
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for someone seeking this option. Native resolution comes 
in VGA (640 x 480), SVGA (800 x G00), XGA (1,024 x 
768), SXGA (1,280 x 1,024), and UXGA (1,600 x 1,200). 
CRTs do not have a native resolution and are deemed reso- 
lution independent, which means that they do not need 
to be matched to a monitor's resolution. Conversely, digi- 
tal projectors should be matched to a monitor's resolution 
as precisely as possible. If several computers are intended 
for use with one projector, then the projector should be 
matched to the computer monitor with the highest resolu- 
tion. A minimum of an SVGA projector should be acquired 
for straightforward graphic presentations, but an SXGA is 
preferable. A projector's brightness is measured in ANSI 
lumens with a minimum of 300 to 500 ANSI recom- 
mended for dimly lit rooms and 1,000 ANSI for a well- 
lit room. For an auditorium, at least 1,500 ANSI should 
be sought. The contrast ratio that describes the range of 
brightest whites to darkest blacks is also a valuable feature 
with a range of 100:1 (low) to 2,000:1 (high). Zoom lenses 
permit image size adjustment without the burden of hay- 
ing to move the unit. Digital keystone correction adjusts 
the image to reduce distortions that arise from aiming the 
projector at the wall from an angle. Lamp life can range 
from 40 to 40,000 hours, with the majority falling between 
1,000 and 2,000 hours. Lamp replacement can be expen- 
sive so this factor should also be integrated into the choice 
of a projector. 
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CLOSING THOUGHTS AND THE FUTURE 


Good photographic principles should be adhered to 
whether working in 35-mm or digital photography. 
Photographic documentation should always be obtained 
in any cosmetic or reconstructive endeavor but may also 
serve as a reliable tool for other types of head and neck 
surgical procedures on an individual case-by-case basis. 
The rise of digital photography has transformed the land- 
scape of scientific and professional communication. As 
technology continues to evolve, digital photography will 
most likely entirely supplant analog 35-mm film. The next 
edition of this chapter will probably bear the short title 
“Pictorial Documentation: Digital Imaging.” 
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Grafts and Implants in 
Facial, Head, and Neck 


Surgery 


G. Richard Holt 


The biotechnology of implants in otolaryngology and head 
and neck surgery has expanded rapidly, and facial, head, 
and neck implants now include autologous biomaterials, 
metals, polymers, synthetics, and tissue-engineered mate- 
rials. Since the range of requirements for implants ranges 
from bone replacement and stabilization implants to soft 
tissue fillers, the science of surgical implantology now 
involves cell surface physics, molecular level biochemistry, 
and tissue engineering. Biomaterials, both biologic and 
synthetics, for osseous and soft tissue augmentation are 
becoming increasingly important in reconstructing defects 
of traumatic, congenital, extirpative, and aging etiologies. 


Cells do not adhere directly to the surface of implanted 
synthetic materials. A substance in the extracellular matrix 
binds the cell to the surface. This substance is essential 
for initial cell adhesion and proliferation. The substrate 
needed varies with the type of cell. Well-differentiated 
cells, such as chondroblasts, osteoblasts, and epithelial 
cells, require substrate characteristics distinct from those 
needed by less differentiated cells, such as fibroblasts. Focal 
contacts represent adhesion sites to specific extracellular 
matrix proteins adsorbed on the implant surface. Focal 
contacts typically occur in low-motility cells, such as fibro- 
blasts and epithelial cells. The composition of the substrate 
(the adsorbed layer of protein on the implant surface) is 
crucial for tight cellular adhesion. Proteins such as fibro- 
nectin, vitronectin, cold-insoluble globulin, and possi- 
bly proteoglycans provide the necessary substrate for this 
adhesion. 

The extracellular matrix contains collagen, elastin, and 
fibronectin interwoven into a hydrated network of glycos- 
aminoglycan chains. The glycosaminoglycan chains are 
long, negatively charged polysaccharide chains that link 
proteins to form giant proteoglycan molecules. Interaction 
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with cell membrane receptors provides linkage for cellular 
attachment to adsorbed extracellular matrix on the surface 
of a biomaterial. Tissue cells do adhere to the implant sur- 
face—not directly but by means of a complex series of pro- 
tein attachments. 

When implants are placed in facial soft tissue, the pri- 
mary tissue reaction includes protein adsorption and cel- 
lular attachment. The predominant cell attaching to the 
protein layer is the fibroblast. Within the first week, the 
fibroblast lays down immature collagen on the implant 
surface, or interstices. The usual response to a soft tissue 
implant is production of a fibrous capsule or collagen fiber 
ingrowth, which secures the implant. A smooth implant 
such as silicone more often elicits dense capsule formation 
than does a porous implant. If an implant is too reactive, 
has surface contamination, or is biodegradable, the host 
tissue response usually is aggressive macrophage activity, 
increased vascularity, breakdown of the overlying skin, and 
extrusion of the implant. The presence of inflammatory 
cells such as neutrophils and macrophages suggests poor 
tissue response to the implanted material. 

After placement of an implant, protein adsorption 
occurs. As a hole is drilled into bone to receive the implant, 
the bone must not be heated to more than 45°C to 50°C, 
or osteoblasts die. An implant in bone induces a rapid host 
response. The first stage is formation of a small hematoma 
and a cascade of chemical breakdown products. These 
substances act on blood vessels and attract cells from sur- 
rounding tissue. Because cortical bone is avascular, most 
blood products come from the marrow-containing spaces 
of the bone. 

The second stage is tissue organization, regeneration, 
and repair. The duration is related to the extent of injury 
and implantation site geometry. Extracellular processes and 
cell functioning can be affected by soluble and insoluble 
particles from the implant and by the mechanical influ- 
ence of the implant itself. The third stage of repair is 
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remodeling, which affects the implant-host tissue interface 
and occurs over weeks or months. Appropriate stress lev- 
els must be imposed on the bone adjacent to the implant. 
Bone-binding intensity can be measured according to the 
shear or torque forces needed to produce failure. Bone 
is the main contributor to tensile strength of bonding; 
other tissues are less important. The basal lamina in con- 
tact with a bone implant contains type IV collagen, lam- 
inin, and proteoglycans. These constituents of the ground 
substance are deposited in or adjacent to the mineralized 
layer. Mineralization of the ground substance seems to be 
important for transmission of compression and for shear 
and tensile loads. 


CHARACTERISTICS OF IMPLANTS 


Implant material is characterized by composition, strength, 
biodegradability, and resistance to stress and fatigue (1,2). 
The properties of bulk material, however, can differ from 
those of the implant surface at the tissue-implant inter- 
face because of surface alterations by design or physico- 
chemical reaction. The materials and clinical applications 
for facial, head, and neck implants are summarized in 
Table 172.1. 


TABLE 
FACIAL, HEAD, AND NECK IMPLANTS 
172.1 
Category Biomaterial 
Metals and Stainless steel 


metallic alloys 
Titanium and its alloys 


Platinum-iridium 

Gold 

PMMA 

Cyanoacrylate 

Silicone elastomers 
PTFE 

ePTFA 

Polyurethane 

Dacron, nylon polyesters 
High-density polyethylene, porous 
Bioglass 

Hydroxylapatite 


Polymers 


Ceramics 


Aluminum oxide 
Nonceramics HAC 
Biologic materials Polyglycolic acid 
Polylactic acid 
Collagen 
Bone-stimulation proteins 
Hyaluronic acid 
Human acellular dermis 
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Metallic Implants 


Metallic devices can be composed of a single metal or an 
alloy of several metals. Alloys are developed to improve 
qualities of the original metal by adding other metals with 
characteristics that improve biocompatibility or mechani- 
cal attributes. The principal metals used in facial implants 
are titanium, stainless steel, and tantalum. Chromium, alu- 
minum, cobalt, copper, nickel, and tungsten are included 
in alloys. 

Metals are crystalline materials with well-defined, 
orderly, three-dimensional arrangements of atoms that 
form a microscopic lattice characteristic of each metal. 
The lattice can be modified by means of heating, cool- 
ing, hardening, or altering the physical properties of the 
metal to achieve a particular result. Lattice defects can 
modify the characteristics of the metal. Large structural 
defects can cause failure to withstand external stresses. 
Metallic biomaterials are characterized by elastic modu- 
lus, tensile strength, percentage elongation, compressive 
strength, shear strength and modulus, and strain. Stress 
is the ability of a material to withstand a given load per 
cross-sectional area. The material must be designed to 
meet the functional requirements of the dental or maxil- 
lofacial implant. 


Clinical Application 


Sutures, fracture wires, reconstruction bars 


Mandibular bone trays, osseointegrated implants, cranioplasty, 
orbital floor implants 

Implantable electrodes 

Eyelid implant 

Cranioplasty, tissue adhesive 

Tissue adhesive 

Soft tissue augmentation, tissue expanders 

Joint prosthesis covering, vocal cord injections 

Soft tissue augmentation, orbital floor implant 

Artificial skin 

Sutures, onlay mesh, mandibular trays 

Soft tissue augmentation, temporomandibular prosthesis 

Middle ear ossicular replacement 

Joint prosthesis covering, bone-conduction filler, bone 
augmentation 

Cranioplasty, artificial ocular prostheses 

Bone filler, cranioplasty, bone conduction 

Sutures, implants 

Timed-release drug delivery, implants 

Dermal augmentation, soft tissue support 

Cartilage or bone induction 

Soft tissue filler 

Soft tissue filler, augmentation 
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Stress versus strain curves are generated experimentally 
for implant materials. They provide information about 
the bulk material independent of shape or thickness. These 
can be used to predict the response of the material to 
mechanical forces on an implant in a particular use. The 
forces of shear, compression, tension, torsion, and bend- 
ing must be considered in selection of a material for an 
implant. In vitro loading studies are performed to assess 
how a material responds to long-term wear. Most met- 
als relax with time, and the relaxation can cause metal 
fatigue and implant failure. A relatively brittle metal, such 
as stainless steel, can function well initially but with long- 
term use can fail because of fatigue. All metals corrode 
when exposed to living tissue; the gradual result is failure 
of many metal implants. Stainless steel, an alloy of iron, 
chromium, nickel, molybdenum, and manganese, resists 
corrosion well. It can, however, undergo gradual plastic 
deformation. 

Titanium and its alloys are among the most biocompat- 
ible metallic implants used today. Titanium is lightweight 
and corrosion resistant and has high tissue acceptance. 
It is rather soft and when not anchored to bone can be 
deformed by loading forces. Used in mandibular recon- 
struction and for anchoring screws in facial applications, 
titanium performs well. Tantalum and vanadium have 
been used as bone trays for mandibular reconstruction, but 
the mechanical properties are not as good as those of tita- 
nium. Tantalum and vanadium are not strong, can fatigue 
rapidly, and must be removed after the mandible heals. 
Some metallic implants, such as stainless steel, have a bet- 
ter stress response than does bone. This can cause stress 
shielding of the bone and impede formation of new bone. 
Metal implants may have to be removed after the bone is 
stabilized to allow growth and development. 


Ceramics 


Ceramics have a microscopic lattice structure. Glass ceram- 
ics, on the other hand, have an amorphous atomic structure. 
Most biologic implants are glass ceramics—combinations 
of silicon dioxide (SiO,) and crystalline lattice materials 
embedded in this glass. Glass ceramics are thermally resis- 
tant and can be used when thermal shock can occur. Glass 
ceramics last well in the body. They are well tolerated and 
biocompatible. Because of a peculiar grain size and distri- 
bution, however, glass ceramics are susceptible to cracking 
from stress concentration. Clinically, these are considered 
brittle materials; they fracture rather than bend when sub- 
jected to excessive stress. This limits the use of glass ceramic 
implants in the head and neck to areas with minimal force 
loading, such as a tympanic ossicle. 

Ceramics made with alumina compounds also are 
used in dental implants. The device is designed so the 
shape facilitates biomechanical stress application without 
fracture. Hydroxylapatite is another form of ceramic; it is 
characterized as bioreactive. It comes as a powder and is 
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reconstituted as a paste for dental and bone replacement. 
Hydroxylapatite is resorbable and osteoconductive, and 
it increases bone density. It is composed of elements that 
exist in the ground substance of bone, that is, calcium 
and phosphorus. Hydroxylapatite can provide a substrate 
for osseointegration and osseoconduction when used as 
a bone replacement material for facial, head, and neck 
defects. 

Facial augmentation with calcium hydroxylapatite 
(Radiesse, Merz USA, Greensboro, NC) microspheres in 
a gel carrier of carboxymethylcellulose can provide soft 
tissue enhancement for a correction period of 12 to 18 
months when injected subdermally. Because the hydrox- 
ylapatite microsphere is in a gel suspension, the material 
can be massaged after injection into the tissues to create 
a smooth appearance (3). When used in porous granular 
form for facial skeleton augmentation, the material has 
been found to maintain its bony skeletal projection for at 
least 2 years (4). 


Polymers 


No synthetic implant material can exactly reproduce the 
biomechanical properties of bone. Ceramics and metals 
are stronger than human bone, and polymers are more 
flexible. Polymers are useful in implantation because the 
mechanical properties can be altered to suit the applica- 
tion. These properties are derived from the structural and 
chemical composition, which are related to length and 
cross-linking. Varying these two characteristics can produce 
a wide range of polymer properties, from soft and fragile to 
hard and brittle. The implant designer can choose a poly- 
mer that provides the characteristics needed for a particular 
situation. 

The most commonly used medical polymers are polyure- 
thanes, silicones, and polymethyl methacrylate (PMMA). 
These polymers are reasonably strong and biocompatible. 
When supplied as porous fibers (polytetrafluoroethylene 
[PTFE], nylon, polylactic acid, and polyglycolic acid), these 
materials can be woven fabric as well as suture material. 
Expanded PTFE (ePTFA) fabric (Gore-Tex, Gore Medical 
Co., Flagstaff, AZ) has excellent biocompatibility when used 
for soft tissue augmentation or vascular repair. Mechanical 
stresses on polymer implants usually are small. When used 
for mandibular replacement, a polymer is tested for the 
same mechanical tolerances as are metals, including tensile 
strength, modulus of elasticity, stress, and strain. Impact 
testing is important when a material is used for skull recon- 
struction. Internal defects that occur during molding and 
processing can cause cracks and implant failure. 

Polymers are manufactured by means of thermoplastic 
molding (the material is formed in a heat-softened state in 
a mold) or by means of thermosetting (the insoluble poly- 
mers are cured by cross-linking). Suture material is formed 
by means of extrusion of the polymer through small holes 
in a die to produce a fiber thinned to the proper diameter 
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before cooling. Used as a glue, PMMA, ethyl-2-cyanoacrylate, 
and butyl-2-cyanoacrylate produce histotoxic cellular reac- 
tions and an exothermic reaction. A permanent injectable 
polymer of cleaned microspheres of PMMA suspended in 
bovine collagen (ArteFill, Suneva Medical, San Diego, CA) 
is FDA approved for augmentation of the nasolabial folds. 
Serious complications such as granuloma formation have 
not been reported with this synthetic injectable, allegedly 
owing to the minimalization of the number of microspheres 
smaller than 20 yum (5). 

Polydioxanone (PDS) is a resorbable material utilized 
in suture material and in thin sheets for support of osseous 
defects, usually an orbital wall fracture. Recently, PDS foil 
(PDS Flexible Plate, Mentor, San Diego, CA) has been uti- 
lized to support nasal cartilaginous structures during sep- 
toplasty and rhinoplasty, which can be particularly useful 
because of its low extrusion rate, structural strength during 
healing, and ability to support multiple free fragments of 
septal cartilage as a scaffold for reimplantation (6,7). 


Biologic Materials 


Grafts of nonhuman biologic material and xenografts are 
considered implants because they often are used for tissue 
augmentation. Bovine collagen in injectable solution or 
sheets (Zyderm, Allergan Medical, Irvine, CA) is enzymati- 
cally modified to diminish cutaneous sensitivity reactions 
and to decrease resorption time. When the macrophage 
system of the host identifies this collagen as foreign, 
immunologic defenses form antibodies to the collagen. 
Because collagen is similar in many ways among species, 
this problem can be diminished but not eliminated with 
biochemical alteration of unique proteins. Synthesis of 
components of human dermal collagen and basement 
membrane, such as polyglycolic acid and polylactic acid, 
has produced suture and implant material that is slowly 
resorbed by means of acid hydrolysis. These materials do 
not induce the intense immunologic response of animal 
collagen. They also are used as the carriers of sustained- 
release drugs in implantable drug delivery systems. 
Human acellular dermis matrix, harvested from cadav- 
ers, is utilized primarily as a soft tissue augmentation 
material for the face. It can also serve as a “filler” or “scaf- 
folding” for repair of a nasal septal perforation, where this 
material is placed between opposing flaps of nasal mucosa; 
if exposed, it allows for reepithelialization on its surface. 
Foreign antigenicity of this human allograft is achieved by 
leaching out the cells; however, there are “ghost channels” 
of preexisting vascular structures that may serve to support 
revascularization of the tissue. There is a tendency of this 
biomaterial to resorb with time in some patients. 
Biodegradable (resorbable) plates and screws are not 
dissimilar to certain biodegradable suture materials. These 
firm implants are generally composed of biosynthetic poly- 
mers and copolymers of polylactide and polyglycolide and 
are heat malleable to fit the contour of the bony surface. 
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They should be especially considered in pediatric fracture 
patients, where metallic plates can cause stress shielding 
and loss of bone growth and remodeling capabilities. Such 
minimally invasive bioabsorbable bone plates are being 
increasingly utilized in facial skeleton fractures, and they 
have been shown to be as strong as a titanium plate when 
fixating fractures of the mandibular body (8). A so-called 
“interflex” design allows for decreasing the volume of the 
plate while still maintaining a low stiffness and an absorp- 
tion rate that allows for gradual reduction of mechanical 
stability commensurate with a gradual increase in load 
bearing of the healing mandible. 


Patient-Specific Implants 


With the growing availability of three-dimensional radio- 
graphic computer modeling, surgeons can preopera- 
tively analyze bony and soft tissue defects through virtual 
manipulation. This can even be done for existing defects, 
but also prospectively to forecast a defect that will result 
from an ablative procedure. With this technology comes 
the ability to fabricate patient-specific implants (PSIs). Using 
the patient’s native contralateral anatomy or gender- and 
age-specific norms, implants can be constructed to replace 
tissue loss in multiple dimensions. Examples include pre- 
operative fabrication of mandibular reconstruction plates 
to be used following composite resection of the mandible 
or multidimensional implants needed to replace a com- 
plex midface defect resulting from maxillectomy. In this 
way, manufactures are able to tailor their implant materials 
to precisely restore unique, patient-specific defects. 

Polyetheretherketone (PEEK) (Synthes Craniomaxillo- 
facial, West Chester, PA) is a semicrystalline polyaromatic 
linear polymer that is inert, nonporous, and customiz- 
able. More than 20 years of reliable use in the aerospace, 
automotive, and electrical industries led to its ultimate 
use as substitute for bone grafting and titanium cages in 
the treatment of cervical disc disease. PEEK has proven 
biocompatible, strong, and stable. It has the benefits of 
bone-like stiffness, can be secured with plates and screws, 
is lightweight, and can withstand the sterilization process. 
It also holds the advantage of customization (9,10). With 
computer modeling, a PSI can be manufactured. Digital 
renderings and a tangible model of the patient’s skull and 
the fabricated implant are then provided to the surgeon for 
manipulation and approval preoperatively. 


ASSESSMENT OF PATIENT NEEDS 


As with all reconstructive procedures, it is imperative to 
evaluate each patient's individual needs, the goals for recon- 
struction, and whether or not an implant will be needed to 
achieve these goals. Before an implant is used, a patient's 
general operative candidacy must be considered. Patients 
with severe cardiopulmonary or other systemic diseases 
may be poor candidates for general anesthesia, especially if 
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multiple stages will be required. In these cases, single-stage 
procedures done under monitored local anesthesia may be 
in the patient’s best interest. The recipient’s wound-healing 
potential and immunologic status are also assessed. Patients 
with diabetes, hypertension, microvascular disease, and mal- 
nutrition; those who smoke; and patients undergoing che- 
motherapy, radiation therapy, or taking immunosuppressive 
drugs are all at risk of impaired or delayed wound healing, 
possible infection, and eventual implant extrusion. A history 
of sensitivity to any component of the implant must also 
be sought. A thorough history and physical exam can help 
forecast these pitfalls and help the surgeon plan accordingly. 

Once patient fitness has been established, focus turns 
to characteristics of the recipient site. Form and function 
lost at the recipient site help guide selection of an implant 
appropriate for the defect and compatible with the patient. 
Salient points include the soft, bony, or composite char- 
acter of the tissue defect; the native function of the tis- 
sues lost; and their interaction with surrounding tissues. 
The need to bear a load, to withstand friction or other 
conformational stress or strain forces, or to stand up dur- 
ing specific activity for the patient are additional factors 
to consider in choosing an implant. When a young adult 
applies for a facial, head, or neck implant, the physician 
must ask about the person’s usual physical activity level 
and sports participation. A common cause of implant loss 
is trauma, which causes hematoma formation, loosening 
of the implant, and extrusion. Patients must agree not to 
participate in contact sports or to delay implantation until 
the questionable activity is no longer a consideration. 

Implants are typically used to manage bony or soft 
tissue defects caused by birth defects, trauma, or tumor 
resection. In the case of congenital defects, surrounding 
tissues are typical naive and healthy, posing less risk to 
the implant. This is not true in many cases of traumatic or 
ablative defects. Traumatized tissues may have been sub- 
jected to thermal and mechanical injury that has altered 
surrounding tissue cellular architecture, vascularity, and 
pliability. Any previous infection at the site must also be 
considered. In the case of malignancies, patients typically 
have undergone some combination of surgical, radiation, 
and/or chemotherapies that each may adversely affect tis- 
sue viability and ultimate implant stability. Most patients 
with a history of irradiation of the proposed recipient sites 
are not good candidates for implants unless distant, nonir- 
radiated tissues can be brought into the area. This often 
necessitates procedures with several stages and periopera- 
tive hyperbaric oxygen therapy for best results. Similarly, 
if further radiation therapy is planned after implantation, 
the surgeon should recognize that use of metallic implants 
may pose difficulties in dosimetry. In the management of 
deformities attributable to ablative cancer surgery, it often 
is prudent to delay prosthetic implantation as long as 
1 year after surgery. The patient is observed for an extended 
period after implantation for the development of residual 
or recurrent disease and for rejection of the implant. 
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When a patient or their defects are not ideal for restora- 
tion with an implant, a prosthesis may be the ideal option. 
Even in these cases, though, prosthesis fixation must be 
considered. Fixation can be categorized as mechanical (use 
of a facial accessory like eyeglasses), anatomic (relying 
on natural facial contours for prosthesis retention), and 
adhesive (glues, magnets, or osseointegrated abutments). 
With respect to osseointegrated implants, three main fac- 
tors impact retention—bone volume, local hygiene, and 
a history of radiation exposure to the surrounding tissue. 
Extraoral, skin-penetrating abutments have a long track 
record for successful nasal, orbital, and auricular prosthesis 
fixation (11). 

For osseous replacement or augmentation implants, 
radiologic assessment of the recipient area is advisable. At 
minimum, computed tomography (CTI) is needed. Three- 
dimensional CT has also become more widely available 
and can be linked to a computer-aided design (CAD) and 
fabrication system for precise manufacturing of the pros- 
thesis. Magnetic resonance imaging is not as helpful for 
evaluation of osseous deformities as it is for soft tissue 
assessment. 

Finally, the difference between functional and cosmetic 
implants should be noted. A functional implant is cho- 
sen to provide the best restoration and the lowest risk of 
complications. In cosmetic applications, emotional and 
psychological development is considered as well. The con- 
dition of the recipient tissues is likely to be the limiting 
factor in functional cases, and psychological factors count 
heavily in cosmetic implantation. 


SURGICAL MANAGEMENT 


Preoperative Counseling 


It is imperative for the surgeon to discuss the risks and 
complications associated with alloplastic and biologic 
implantation with each surgical candidate. Foremost 
among these are infection, rejection, and extrusion of the 
implant. If the preoperative history and exam identify 
host factors that may have a deleterious effect on healing 
and thereby increase these risks, these must be shared with 
the patient (Box 172.1). In addition, patients may have 
personal or religious beliefs that influence their willing- 
ness to accept use of an alloplastic material, an allograft, 
or a xenograft. A surgeon must discuss the patient’s over- 
all surgical candidacy, the potential need for multiple 
reconstructive stages, and the balance of aesthetic versus 
functional goals, all in hopes of setting reasonable expec- 
tations regarding outcome. The authors advise against 
showing photographs of patients who have undergone 
implantation because each case is unique. Rough draw- 
ings or photographs of the patient that have undergone 
computerized facial analysis are helpful as long as the 
patient understands that there is no expressed or implied 
guarantee of success. 


Chapter 172: Grafts and Implants in Facial, Head, and Neck Surgery 


:{e)@l HOST FACTORS THAT MAY POSE 
Sb /3uie THREAT TO IMPLANT SUCCESS 


Cardiovascular disease 

Diabetes mellitus 

Smoking 

Alcohol abuse 

Impaired immunity 

Poor nutrition 

Advanced age 

Immature skeletal age 

Prior radiation at site of implantation 
Prior trauma or surgery at site of implantation 
Inadequate bone or soft tissue volume 


Surgical Implantation 


Each region of the face, head, and neck requires an implant 
with unique properties. The ideal implant does not exist, 
but some possess many of the following qualities thought 
to be important: 


Biocompatibility with host tissue 
Noncarcinogenic nature 


TABLE 
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Simulation of the biomechanical features of the tissue 
it augments 

Easy fabrication 

Capability of being sterilized without degradation of 
essential properties 

Capability of being resorbed or lack thereof depending 
on the tissue needs 

Thorough investigation before use 


Each region is reviewed herein, but the specific surgical 
techniques are found elsewhere in this book and the medi- 
cal literature. Table 172.2 summarizes site-specific selec- 
tion of surgical implants. 


Scalp 
Little has been done in the development of scalp implants. 
Most scalp surgery is performed for hair replacement, 
and grafts or flaps are used. Autologous hair follicle unit 
implants are commonly used both for posttraumatic 
defects and for genetic baldness. Over the years, the size 
of the follicular grafts has decreased, and microfollicular 
grafts, from 1 to 5 follicular units, are now used allowing 
for better camouflage and filling in of the defect. 

Silicone tissue expanders work well in the sustained 
expansion of skin for reconstruction after scalp loss. 


172.2 SURGICAL IMPLANTS BY SITE 


Site Biomaterial Clinical Application 
Scalp Silicone Tissue expansion 
Skull Silicone, titanium tantalum, hydroxylapatite, Cranioplasty 
PMMA 
Ear Silicone Electrode covering 
Titanium Osseointegrated implants 


Platinum-iridium 
Porous polyethylene 
Orbit Titanium 


Silicone hydroxylapatite, PTFE, ePTFA 


Polycarbonate 
Methylcellular fiber silicone 


Face ePTFA; carbon PTFE; porous, high-density 
polyethylene; polyamide; hydroxylapatite 


Collagen 
Human acellular dermis 
Calcium-based hydroxylapatite 
Hyaluronic acid derivatives 
Mandible 
tantalum alloy 
Stainless steel 
Titanium alloy 
Titanium 
Silicone 
Hydroxylapatite 


Silicone, ePTFA, carbon PTFE, porous 


Dacron polyester, nylon, titanium alloy, 


Cochlear electrodes 

Auricular reconstruction 
Osseointegrated implants 

Orbital volume 

Intraocular lens, artificial eye 

Orbital floor fractures 

Soft tissue and osseous augmentation 


Dermal augmentation 
Dermal augmentation 
Soft tissue filler 

Soft tissue filler 
Reconstruction tray 


Reconstruction bar 

Miniplates and screws for trauma 
Osseointegrated implants 
Temporomandibular meniscus 
Bone conduction 

Mentoplasty 


high-density polyethylene, polyamide 


Neck ePTFA 


Polyglycolic acid, polyglactin 910, 


polypropylene, stainless steel 


Vascular grafts and sutures 
Wound closure 
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Expansion of the generally inelastic scalp requires 6 to 
8 weeks to obtain a sufficient amount of expansion, 
depending on the size of the defect. Large, non—-hair-bear- 
ing scalp defects can be excised, and expanded hair-bearing 
scalp can be advanced/rotated into the deficit. Attention 
must be given to hair growth direction and to maintaining 
the appropriate anterior hairline. It should also be noted 
that follicular density decreases in the expanded scalp skin. 


Skull 

Cranioplasty with allopathic implants is one of the old- 
est head and neck procedures. PMMA, a common cranial 
implant, is formed from several monomers in the presence 
of a catalyst and can be molded to the defect before hard- 
ening (12). It can be drilled, sculpted, and secured to the 
surrounding bone. Its polymerization is exothermic, and 
the implant is sterile on hardening. Alloys of titanium and 
tantalum are available in plate or mesh-sheet form and can 
be cut or bent as necessary. Because they deform slowly 
with external trauma, malleable metal implants for skull 
defects are likely to protect the brain, unlike PMMA, which 
is brittle and can fracture with trauma. 

Hydroxylapatite cement (HAC) can also be utilized 
for cranioplasty defects, especially in children (13). Small 
defects can be molded in place, utilizing fast-setting HAC. 
For larger defects, computer-aided design/computer-assisted 
manufacturing (CAD/CAM) of a larger HAC (or PMMA) can 
be preformed and placed into the defect with little alteration. 


Ear and Temporal Bone 

Reconstruction for microtia has primarily utilized rib car- 
tilage; it is easily accessible, can be carved and sculpted, 
has been shown to grow with the patient, and is an 
autologous biomaterial. There is a slight risk of pneu- 
mothorax, hypertrophic scar, or keloid formation, and 
harvest may not be properly placed in females where 
breast development has not yet occurred. Additionally, 
multiple stages are generally required to achieve a good 
result. However, rib cartilage remains the gold standard 
for microtia repair. 

Preformed porous polyethylene implants (Medpor, 
Stryker CME Newnan, GA) are utilized by some surgeons 
for a one- or two-stage ear reconstruction. This polymer 
implant must be covered by a temporoparietal fascial flap, 
and the flap, in turn, covered by a thin, full-thickness skin 
graft. The immediate result is good, but the risk of compli- 
cations is higher than with the rib graft—loss of the fas- 
cial flap, breakdown of the skin graft, hypertrophic scar of 
the scalp, and potential trauma caused by the firmness of 
the implant. Because the implant does not grow with the 
patient, sizing at an early age is problematic. 

Prosthetic ears are also a viable option for ear recon- 
struction, particularly in the case of auriculectomy from 
an ablative procedure. Like other regions in the head and 
face, the best choice for prosthetic attachment involves 
implantation of pure titanium fixtures into bone. In fact, 
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the mastoid process has the most ideal bone volume for 
implant integration and retention (11). These fixtures 
osseointegrate fully with bone before loading (14). They 
are attached to skin-penetrating abutments and linked 
with a gold bridgework that contains attachment magnets 
for the prosthesis. Similar implants can be used to anchor 
a hearing aid to the temporal bone for better sound trans- 
mission than is offered by a conventional bone-conduction 
hearing aid, particularly in congenital canal atresia and in 
postsurgical chronic tympanomastoiditis where a canal- 
dwelling ear piece causes recurrent drainage. 

In cases of conductive hearing loss, partial and total 
ossicular replacement prostheses may be used in middle 
ear reconstruction. Any number of stapes prostheses are 
also available for treatment of otosclerosis. For treatment 
of sensorineural hearing loss, cochlear implants containing 
an array of stimulation electrodes inserted in the cochlea 
may be used. They are made of platinum and iridium, two 
rare metals with high electrical conductance and minimal 
rectification at the electrode-tissue interface. They usually 
are coated with PTFE or silicone to diminish current loss 
into the tissues and to protect the electrode from corrosion. 


Orbit 
A diverse number of implants are frequently used for 
the repair of the orbital floor and lateral walls following 
trauma. For small fractures, thin sheets of methyl cellu- 
lose, such as Gelfilm, can be stacked and placed over the 
defect to serve as temporary support until scar tissue has 
formed and they are resorbed. Some surgeons use silicone 
sheets to support the orbital floor after an orbital blow-out 
fracture. The biocompatibility of this material is excellent, 
and if properly placed and sized, the implant has a low 
extrusion rate. Severe fractures of the orbital floor can be 
repaired with a size-altering titanium implant. The device 
is trimmed to the required size and is adjusted by means of 
bending to the required anatomic defect. The implant can 
be fixed to the orbital rim with self-tapping screws. Porous 
polyethylene preformed implants can also be utilized as a 
support for the orbital floor, either placed acutely or in a 
delayed reconstruction of a hypo/enophthalmic orbit. It is 
possible to carve some of the polyethylene implant to fit 
the topography of the orbital defect. Hybrid implants made 
from titanium mesh coated in porous polyethylene can 
also be used to restore larger orbital floor and wall defects. 
Mesh implants made of polyglactin 910 can be used as 
a slowly resorbable replacement of the orbital floor. Soft 
tissue pads (1 to 2 mm thick) made of ePTFE fabric can 
be used to repair posttraumatic hypophthalmos and for 
temporal augmentation. The rate of infection is low, the 
foreign body reaction is minimal, and there is good incor- 
poration into the tissues (15). This material is soft and 
pliable and easily contoured to the size and shape of the 
defect. Polyglactin 910 sutures (Vicryl Plus, Ethicon, Inc., 
Menlo Park, CA) can secure the implant to the medial and 
lateral orbit. 
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In the enophthalmic orbit following trauma, orbital 
volume can be restored with bone grafts or with inert 
substances such as PTFE, silicone beads and sheeting, 
Medpor (Stryker Corp, Newnan, GA), hydroxylapatite, or 
ePTFE fabric. Symmetric placement of the expanders, in 
consultation with an ophthalmologist, can diminish post- 
operative diplopia. Following orbital exenteration, osseo- 
integrated implants have been used to successfully anchor 
orbital prostheses (Fig. 172.1). As noted previously, bone 
implants for patients who have undergone irradiation are 
less successful unless hyperbaric oxygen therapy is used. In 
the case of enucleation, artificial globe implants manufac- 
tured from new polymers such as polycarbonates can be 
designed and painted for a near-perfect match with the 
other eye. Intraocular lens implants also can be made of 
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a polymer fabricated with a specific fixed focal length for 
patients who have undergone cataract extraction. 

Gold and platinum weights are used successfully for 
rehabilitation of patients with facial paralysis. Use of 
weights can replace tarsorrhaphy in many cases. These rare 
metals are inert in tissue and well tolerated in the thin 
upper eyelid. Sutured anterior to the tarsus, a gold weight 
provides reversible surgical lowering of the eyelid (16). The 
proper weight is selected preoperatively from a “dummy” 
weight-sizing kit. The patient sits, and weights of varying 
sizes are taped to the eyelid until the desired lid position is 
achieved. The weight is sterilized and inserted under local 
anesthesia. It serves the purpose to help initiate a relaxation 
of the superior levator muscle of the upper eyelid and to 
add to the gravitational pull of the eyelid for closure. 


Figure 172.1 A: Right orbital defect in a female 
patient after orbital exenteration for tumor and 
implantation of titanium fixture. B: Implant bridge- 
work in place with attached magnets. C: Magnetic 
attachment of the right orbital prosthesis secures 
it. (Courtesy of Pl. Branemark, MD, Branemark 
Implant Centers and The Institute for Experimental 
Biotechnology, Gothenburg, Sweden, and Stephen 
S. Parel, MD, The University of Texas Health Science 
Center, San Antonio, TX.) 
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Midfacial Augmentation 
Augmentation of the malar region, the premaxilla, and the 
nasal dorsum is sometimes wanted. Although many sur- 
geons prefer to use autogenous tissue such as cartilage or 
bone, alloplastic materials are being used with increasing 
success. Surgeons variously favor mesh (eg., polyglactin 
910, polyamide, and polyester), silicone rubber, porous 
polyethylene, porous PTFE or vitreous carbon fibers or alu- 
minum oxide particles combined with PIFE, ePTFA mesh, 
and hydroxylapatite. Each biomaterial has advantages and 
disadvantages related to fiber network, pore size, inflam- 
matory response, and ability to be secured in place. HACs 
come in a thick paste form and can be molded and con- 
toured as onlay grafts. 

In a fabric framework, such as ePTFE, which has a small 
pore size, tissue ingrowth occurs uniformly. Because of the 
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1- to 2-mm thickness of ePTFE, the fibroblasts can com- 
pletely penetrate its depth, which is not always possible with 
the thicker porous implants such as porous polyethylene 
MedPor (Stryker Corp, Newnan, GA). All of these materials 
can be cut and contoured to correct the defect (Fig. 172.2). 
Preformed ePTFE fabric chin and malar implants are avail- 
able in addition to the facial augmentation sheets. Facial aug- 
mentation can also be performed safely with ePTFE fabric. 
Although it is possible to place small implants subperi- 
osteally, large, nonyielding implants placed beneath the 
periosteum can cause pressure resorption of the underlying 
bone. The use of alloplastic materials on the dorsum and 
tip of the nose is controversial. Hard silicone implants are 
used in Asia, but they have a high rate of extrusion. ePTFA 
fabric (Gortex, Gore Medical, Flagstaff, AZ) has been used 
successfully for augmentation of the tip and the dorsum 
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Figure 172.2 A: Woman with flattened left malar eminence after facial trauma. B: Rapid intraop- 
erative expansion of tissue pocket to receive the implant. C: Layered ePTFE fabric implant is fitted 
to the left cheek. D: Augmented cheek 3 months after surgery. 
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of the nose. This graft seems to be easily tolerated by the 
thicker nasal dorsum tissues and, if secured to the perios- 
teum, has a low rate of migration. It is soft and has a more 
“natural” feel than the more firm silicone. Human acellular 
dermis can be used as a nasal augmentation biomaterial, 
especially as a filler for defects when autologous cartilage 
is not readily available. There have been instances where 
it is totally resorbed, so one must be prepared for a sec- 
ond augmentation, should this occur. Successful immedi- 
ate replacement of the alloplastic implant with autologous 
cartilage grafts has been reported and recommended (17). 

In cases of complex bony defects of the midface, res- 
toration of tissue volume in multiple dimensions can be 
challenging. For these reasons, preformed PSIs may be an 
ideal option for bony defects. PEEK implants fabricated 
with the help of three-dimensional imaging and virtual 
volume analysis provide a reconstructive option tailored 
to a patient's complex defect like that found following 
maxillectomy (10). If a prosthesis is the best option for a 
cosmetic defect, they may be anchored to underlying bone 
with osseointegrated implants. The growing success of 
endodontic implants has led some surgeons to use these 
for midface prosthetic fixation as well (11). 


Perioral and Facial 

It has become increasingly important to some patients to 
have perioral and facial wrinkles reduced and the lips made 
more plump. Facial plastic surgeons utilize a number of 
alloplastic and biologic materials to achieve these results. 
Human acellular dermis, ePTFA tubular implants, and 
autologous fat have been utilized for increasing the size 
and projection of the lips and to lessen the depth of the 
nasolabial folds. However, currently there is increasing use 
of injectable soft tissue fillers, rather than firm implants. 

Fat injections, obtained from the submental region or 
abdomen, can also serve as a biologic filler for these areas. 
Some initial erythema and reaction may result from the 
breakdown of the fatty acids, but usually the autologous graft 
is well tolerated. There may be some resorption, based on 
technique of harvest, so overinflation is generally observed. 
Currently, many surgeons are beginning to investigate the use 
of autologous stem cell harvests from fat in order to restore 
soft tissue volume and enhance the longevity of results. 

As collagen has presently been withdrawn from the 
US market (Zyplast & Cosmoplast, Allergan, Irvine, CA), 
newer soft tissue fillers have supplanted its use as an inject- 
able filler for wrinkle reduction and soft tissue augmenta- 
tion. Calcium hydroxylapatite-based injectable implant 
(Radiesse, Merz Aesthetics, San Mateo, CA) can be used in 
most facial wrinkles, especially perioral and glabellar lines. 
Immediate pain on injection and short-term erythema have 
been reported (18). Other fillers include various formula- 
tions of cross-linked hyaluronic acid (Juvederm, Allergan, 
Irvine, CA and Restylane & Perlane, Medicis Aesthetics, 
Scottsdale, AZ). Results vary, but in general, last for 
approximately 12 months. Although a cautious approach 
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has been advocated in the widespread use of these filling 
agents, their use across multiple disciplines for treatment 
of the aging face has become widespread. The use of inject- 
able filler materials for facial augmentation is discussed in 
greater detail in Chapter 197 of this text. 


Mandible 

The main source of bone for mandibular reconstruction is 
autogenous bone. Bone pate or larger grafts can be fash- 
ioned into carrier trays made of nylon, polyester, tita- 
nium, or tantalum to hold it in position. These trays are 
fabricated in the shape of the mandible and trimmed to 
resemble the missing segment. When the tray is filled with 
cancellous bone, new bone forms within it. The tray can 
be removed after sufficient bone has formed to withstand 
stress and load. Stainless steel or titanium reconstruction 
plates can be inserted after mandibulectomy to maintain 
spacing. These reconstruction bars are fixed with locking 
screws to the proximal and distal segments to minimize 
motion. They may be removed when a graft is placed. In 
some cases, the plate itself and a regional soft tissue/muscle 
flap are adequate to support the bone grafts (Fig. 172.3). 
Many mandibular reconstructions are performed using a 
free flap of bone and soft tissue, often including muscle, 
based on the mechanical requirements of the defect, and 
the feasibility of vascular anastomoses. 

Repair of mandible and midface fractures has been 
improved with miniplating and microplating systems in 
which a titanium alloy and self-tapping screws are used. 
These plates can be left in place indefinitely except when 
the overlying skin is thin and the plates cause discomfort. 
These same screws and plates can be used to secure bone 
grafts and other implants to the facial bones. Resorbable 
fixation plates are becoming a more comfortable option 
for some surgeons—they are typically composed of bio- 
degradable materials, mainly polymers and copolymers 
of polylactide and polyglycolide. They gradually lose 
their strength, enabling the underlying bone to begin to 
remodel with stress uptake. Their application is good in the 
pediatric patient, in uncomplicated mandibular fracture, 
in non-stress-bearing fracture locations (maxilla, frontal 
sinus, periorbit), and also in fixating suspension sutures 
(endoscopic brow lift). These resorbable plates can be heat 
bent to the proper shape required using a thin metallic 
template as a guide. 

The technology of osseointegrated intraoral implants 
has revolutionized the dental profession. Patients who 
could not previously wear dentures can do so with 
Branemark implants solidly anchored to the jaws. A sin- 
gle tooth, a partial denture, or a complete denture can be 
anchored in place with these fixtures. Fixtures can anchor 
augmentation bone grafts to the jaws and can be placed 
in a mandible reconstructed completely from autogenous 
cancellous bone or from a vascularized radius bone. 

Mentoplasty implants are made from a variety of 
biomaterials—polymers (solid, gel, or mesh), carbon or 
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Figure 172.3 A: Preoperative view shows patient with chondrosarcoma of the left mandible. B: 
After resection of the mandible, immediate reconstruction was performed with a stainless steel 
reconstruction bar, autogenous iliac bone grafts, and a partial sternocleidomastoid muscle flap. C: 
Radiograph shows reconstruction bar and iliac bone grafts in place before removal. D: Intraoral 
view after removal of the reconstruction bar and healing of the mandibular grafts, with removable 


denture in place. 


aluminum oxide combined with PTFE, high-density porous 
polyethylene, and ePTFE fabric. As with other sites of facial 
augmentation, the implants are best placed extraperi- 
osteally and secured to the periosteum by sutures. Both 
extraoral and intraoral insertions can be used, and both 
approaches seem to work well when placed by an experi- 
enced surgeon. Most surgeons tend to anchor the implant 
in the midline and use subperiosteal pockets to insert and 
secure the lateral arms of the implant. Patient satisfaction 
with ePTFE chin implants has been reported as high as 
97% (19). 

Hydroxylapatite has been used as a bone-conduction 
material to provide a nonorganic framework for ingrowth 


of osteoactive cells to correct small defects of the man- 
dible and maxilla. The success of this approach varies. In 
the future, the material may function better if combined 
with osseoinductive intervention. Several replacement 
prostheses for the temporomandibular joint have been 
investigated, but a single best biomaterial has not emerged. 
Silicone sheeting has been a reasonable substitute for the 
meniscus in the joint, but the articulating surfaces of most 
implant prostheses undergo wear and degradation. 


Neck 
In the field of phonosurgery, a number of laryngeal 
implants have been used for vocal fold medialization and 
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augmentation. Historically, Teflon injections were used, 
but proved unpredictable, irreversible, and found to incite 
significant, long-lasting host inflammatory responses. In its 
place, hyaluronic acid, calcium hydroxylapatite, and autol- 
ogous fat are now commonly used for injection augmenta- 
tion. Medialization laryngoplasty is also performed via a 
thyroplasty approach. ePTFE ribbon, silicone Montgomery 
stents (Boston Medical Products, Westborough, MA), and 
surgeon-carved Silastic implants may each be used depend- 
ing on surgeon preference and patient candidacy. 

In vascular surgery, the use of ePTFE patches has 
improved the results of carotid artery surgery for stenosis, 
primarily because of excellent biocompatibility with the 
hematogenous cellular and clotting factors and because it 
functions as a substrate for endothelial ingrowth. Suture 
material for closure of neck wounds includes synthetic 
biosorbable sutures such as polylactic acid or polyglactin 
910; ePTFE vascular sutures; stainless steel skin staples; or 
polypropylene sutures, which also are hemocompatible for 
vascular repair. Use of these materials has decreased the 
incidence of wound breakdown and bleeding. 

Following laryngectomy, the silicone tracheoesophageal 
fistula prosthesis is a removable implant in the neck that 
has excellent surface properties in contact with aerodiges- 
tive tract secretions. A certain amount of fatigue and deg- 
radation occurs with this functional implant, and it must 
be replaced frequently. Use of tracheostomy tubes com- 
posed of highly surface-biocompatible silicone and PTFE 
with low-pressure polymer sheeting balloons have greatly 
reduced the complications of tracheal erosion and block- 
age of the tube lumen. 


COMPLICATIONS AND EMERGENCIES 


Bleeding, infection, traumatic injury to the implant, 
implant mobility, and extrusion are the primary complica- 
tions of surgical implantation in the face, head, and neck. 
Malposition of the implant, unacceptable cosmesis or 
functional restoration, overcorrection or undercorrection 
of the defect, host inflammatory reactions, incitement of a 
viral flare, inappropriate selection of implant material, and 
overall patient dissatisfaction also affect outcome. These 
complications usually can be prevented through careful 
pairing of both patient and implant, preoperative coun- 
seling, meticulous surgical technique, and close follow-up 
evaluation. 

Infection is a primary concern with any alloplastic 
implant and is a common reason for implant failure and 
need for removal. Most surgeons use perioperative anti- 
biotic therapy, and all use aseptic surgical discipline. It is 
essential to prevent contamination of the implant before 
insertion. Sclafani et al. explain that risk of alloplast infec- 
tion and rejection is primarily increased when bacterial 
contamination is present at the time of implantation and/ 
or prior to fibrovascular tissue ingrowth. In order to pre- 
vent infection, surgeons have used a number of varied and 
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typically unproven preimplantation techniques. These 
have included saline rinses, antibiotic immersions, and 
povidone-iodine (Betadine, Purdue Products LP, Stamford, 
CT) irrigations (20). Keefe and Keefe demonstrated that 
suction infiltration of an antibiotic solution at the time 
of implantation provides a statistically significant advan- 
tage to infection prophylaxis, particularly in materials with 
a smaller pore size. Floating or immersion techniques 
alone provided no inhibition to bacterial growth (21). 
Incorporation of antiseptic agents into the biomateri- 
als can also minimize the risk of infection. If the implant 
site does become infected, high doses of broad-spectrum 
antibiotics are prescribed, and hot compresses are applied. 
Impending extrusion or failure to control an infection 
necessitates immediate removal of the implant. 

Some liquid implants have produced histotoxic effects 
or hypersensitivity reactions. Ethyl-2-cyanoacrylate, a 
short-chain cyanoacrylate derivative, activates severe cel- 
lular toxicity, but butyl-2-cyanoacrylate, a longer-chain 
derivative, has minimal histotoxic effects. If it is neces- 
sary to use a tissue glue for adhesion of one hard tissue to 
another, butyl-2-cranoacrylate is the better choice. Silastic 
and methyl methacrylate have been shown to incite host 
foreign body reactions that increase the risk of infection 
and extrusion (22). Autoimmune rejection is also possible 
and may necessitate implant removal. 

Another substance historically used widely for dermal 
augmentation is injectable bovine collagen. Hypersensitivity 
manifests as skin inflammation or gastrointestinal distress 
after eating beef. Each prospective patient is carefully evalu- 
ated for a history of hypersensitivity to beef products before 
treatment and is observed closely after collagen injections. 
A positive reaction to a skin test dose is an absolute contra- 
indication to collagen injection. If a reaction occurs, it is 
managed medically with topical and systemic antiinflam- 
matory agents and local skin care. The injected tissue is 
removed surgically if the reaction cannot be controlled con- 
servatively. These risks are one of the underlying reasons 
for removal from the current market in the United States. 
Acellular human dermis is available in thin sheets and can 
be used for soft tissue augmentation. It can be used safely 
in most previously irradiated fields (23,24). 

Other threats to implant failure include bleed- 
ing, trauma to the implant, and implant malposition. 
Postoperative hematoma or seroma formation must be 
treated as soon as possible, or at the least closely moni- 
tored. If a vascular patch or area of revascularization begins 
bleeding, the patient is returned immediately to the oper- 
ating room for repair of the leak. Few crises are worse than 
vascular emergencies in surgical implants in the face, head, 
and neck. 

Micromotion of an implant is expected and desir- 
able, because the implant must closely simulate the char- 
acteristics of the host tissue. However, macromotion is 
possible unless the implant is firmly secured to the under- 
lying tissue. Migration or malposition of an implant may 
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TABLE 

172.3 C| COMPLICATIONS 
Complication Prevention 
Infection Perioperative antibiotics, 


aseptic technique 
Traumatic displacement 
stabilization 


Impending extrusion Control of infection, 


immobilization of site 
Use of scans, photos, and 
measurements preoperatively 


Over- or undercorrection 


Malposition 
Bleeding 


Implant stabilization 


compression 
Patient dissatisfaction 


necessitate a second operation to realign or fixate the 
device. Undercorrection or overcorrection of a deformity 
is corrected only if the patient chooses to do so, without 
urging by the surgeon. 

If a patient is dissatisfied with the results of a surgical 
implant, the surgeon reassures the patient until the swell- 
ing has subsided enough to gain an impression of the 
result. The patient—physician relationship is maintained 
with a demeanor of concern, trust, and free communi- 
cation. If the patient's dissatisfaction is justified, the sur- 
geon can discuss the possibility of surgical revision. If the 
patient’s concern is not justified, a second opinion from a 
respected colleague can defuse the situation. Whatever the 
conditions, the physician maintains a close and empathic 
relationship with the patient. Table 172.3 summarizes the 
complications and emergencies in the use of implants as 
well as prevention and management. 
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Treatment 


Antibiotics, hot 
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Removal of implant 


Revision according to 
patient's wishes 
Surgical repositioning 

Surgical exploration 


Reassurance and concern, 
revision if necessary 
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Local Cutaneous Flaps 
and Grafts 


Facial reconstruction is a challenging yet rewarding 
endeavor. Repair of facial defects requires an appreciation 
of variations in facial cutaneous tissue and the influence of 
these differences on use of potential reconstructive meth- 
ods. Multiple factors help determine the optimal method 
of repair, including the size of the defect, the depth and 
location of the defect, and the strength of the underlying 
facial framework. Maintaining symmetry, contour, and 
function is essential for a successful facial reconstruction. 
Finally, of utmost importance is a thorough understanding 
of all appropriate reconstructive options. 


Skin variability in color, texture, thickness, and accessory 
components is demonstrated from one anatomic region 
to another, and an understanding of these variations is 
important for optimizing wound healing and soft tissue 
restoration. Skin consists of an epidermal component with 
appendages and a dermal component with neurovascular 
supply. 

The epidermis consists of predominantly keratino- 
cytes (80%) but also melanocytes, Langerhans cells, and 
Merkel cells (Table 173.1). The basal layer, spinous layer, 
granular layer, and cornified layer make up four distinct 
histologic layers, with the deepest layer, the basal layer, 
serving as the germinative layer. Melanocytes are dendritic, 
pigment-synthesizing cells of neural crest origin with clear 
cytoplasm, and they are confined to the basal layer. Melanin 
is produced by melanocytes, which is transported to adja- 
cent basal and spinous layers for engulfment by the kerati- 
nocytes. Once engulfed, the melanin is arranged as a cover 
over the nuclei, serving as a protective barrier against ultra- 
violet irradiation. Langerhans cells are derived from bone 
marrow and serve to process and present antigens. These 
cells are found in the suprabasal epidermal layers, have 
dendritic processes, and contain Birbeck or Langerhans cell 
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granules (1). Merkel cells are mechanoreceptors of neural 
crest origin and are primarily involved with touch sensa- 
tion. Merkel cells are usually found in areas of high tactile 
sensitivity, where they aggregate to form tactile disks and 
Merkel cell-neurite complexes (2). 

The dermal-epidermal junction is a critical structure 
that helps prevent dermal-epidermal separation, and 
alterations in the structure are found in diseases like epi- 
dermolysis bullosa (3). Keratin filaments within the basal 
keratinocyte condense and attach to an electron-dense 
plaque at the inferior portion of the cell membrane known 
as the hemidesmosome. Anchoring filaments in the lam- 
ina lucida connect hemidesmosomes to the lamina densa, 
which in turn is connected to the anchoring plaques in the 
dermis by anchoring fibrils. 

Epidermal appendages include hair follicles, sebaceous 
glands, and eccrine and apocrine sweat glands. Pilosebaceous 
units contain hair follicles, sebaceous glands, arrector pili 
muscles, and sensory end organs. The pilosebaceous unit 
has motor and sensory functions, while also producing hair 
and sebum. On the nasal tip, the sebaceous component of 
the pilosebaceous unit is most prominent, while on hair- 
bearing surfaces, the follicular component predominates. 
Complete units are absent on the soils, palms, and mucous 
membranes. Healing of partial-thickness wounds by second- 
ary intention is facilitated by pilosebaceous units, since reep- 
ithelialization occurs in part from the epithelial cells that 
line the follicular unit. Sebaceous glands connect to the hair 
follicle by a squamous epithelial duct, allowing the glands 
to secrete sebum through the duct, along the follicle, and 
onto the surface of the skin. Perhaps providing a protective 
function, sebum acts as an emollient to the hair and skin. 
Eccrine sweat glands contain a secretory gland in the deep 
reticular dermis and a coiled intraepithelial duct that opens 
to the skin surface. These glands are controlled by the cho- 
linergic system, and the duct can modify the composition 
of sweat secretion. Apocrine sweat glands receive adrenergic 
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TABLE 
173.1 CONTENTS OF EPIDERMIS 


Keratinocytes 
Melanocytes 
Langerhans cells 
Merkel cells 


innervation and are generally found in the eyelids (Moll 
glands), external auditory canal (ceruminous glands), axil- 
lae, areolae, and perineum (1). 

The majority of skin consists of the dermis, which con- 
tains neural and vascular networks, epidermal append- 
ages, fibroblasts, macrophages, mast cells, and other cells 
(Table 173.2). The extracellular matrix consists of collagen, 
elastin, and amorphous substance known as the “ground 
substance.” Skin pliability, tensile strength, and elasticity 
are properties attributed to the dermal component, and 
the dermis is divided into the papillary (superficial) and 
reticular (deeper) layers. Fibroblasts produce collagen, 
mostly type I collagen, which is responsible for the tensile 
strength and elasticity of skin. Type II collagen is much 
less common, and is found in the papillary dermis. Matrix 
metalloproteinases degrade collagen, allowing new col- 
lagen to replace old fibers; however, induction of collage- 
nases by ultraviolet radiation can lead to disorganization 
that is clinically manifested as skin wrinkling and photo- 
aging. Fibroblasts also produce elastin, which is degraded 
by elastases, allowing a continuous regenerative process. 
Elastin fibers are perpendicular to skin surface in the pap- 
illary dermis and parallel in the reticular dermis. Ground 
substance is generated by fibroblasts and consists primar- 
ily of proteoglycans, glycosaminoglycans, and filamentous 
glycoproteins. Ground substance is thought to help with 
distribution of pressure forces (1). 

An abundant vascular supply is present in the skin, 
facilitating nutritional support and thermo regulation 
for the body. At the junction of the dermis and subcu- 
taneous fat is the deep vascular plexus, whose arterioles 
supply the epidermal appendages and superficial vascular 
plexus. The superficial plexus lies in the reticular dermis 
and is connected to a vascular loop system in the papil- 
lary dermis, which provides nutrients to epidermal cells 
via diffusion. 


TABLE 
CONTENTS OF DERMIS 


173.2 


Neural and vascular networks 

Epidermal appendages 

Fibroblasts, macrophages, mast cells 

Extracellular matrix (collagen, elastin, ground substance) 
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Blood vessels travel one of two ways to reach the 
cutaneous vascular plexus. Septocutaneous arteries travel 
through fascial septa, between muscular segments, parallel 
to the cutaneous surface. These arteries supply large areas 
of skin and have a pair of veins. Musculocutaneous arter- 
ies pass through muscle and are more common; however, 
these arteries typically supply smaller areas of cutaneous 
surface (Fig. 173.1) (4). 

Sensory innervation includes both sensory and sympa- 
thetic nerves. Efferent nerves innervate blood vessels in the 
skin, and sensory nerves include dermal neural receptors 
known as Meissner (fine touch) and pacinian (deep pres- 
sure, vibration) corpuscles. Sensory nerves are distributed 
in a segmental fashion known as dermatomes. 


SKIN BIOMECHANICAL PROPERTIES 


The unique mechanical properties of skin influence cuta- 
neous vascularity with tissue movement and ultimately 
flap survival. Skin is described as having a nonlinear stress— 
strain relationship, where stress represents force per unit 
of original cross-section and strain represents change in 
length divided by original length (5,6). With initial defor- 
mation, randomly oriented collagen and elastic fibers are 
stretched in the direction of the force, allowing extension 
with little force. With continued deformation, additional 
collagen fibers are recruited to load carrying capacity, but 
resistance transitions to eventual inability of further defor- 
mation with further force. At this point, no further collagen 
and elastic fibers can be oriented in the direction of the 
force and the structural integrity is protected against addi- 
tional forces (7). 

Skin is also characterized as being directional or aniso- 
tropic. The degree of skin tension is greatest parallel to the 
relaxed skin tension lines (RSTLs), a phenomenon that 
reflects interactions between collagen and elastic fibers at 
the cellular level. Lines of maximal extensibility (LME) run 
perpendicular to the RSTLs and represent lines of closure 
with the least tension (Fig. 173.2) (7-9). 

Finally, skin is described as an elastic substance with 
lesser stress or force, but as a viscoelastic substance with 
higher stress loads. Higher stress loads cause skin to 
experience creep, which describes the increase in length 
with constant stress. Histologically, the increased length 
experienced is related to the displacement of interstitial 
fluid. Stress relaxation, although related to creep, defines 
the decrease in tension in skin overtime with constant 
tension (7). Larrabee showed that the effect of tension on 
flap survival is affected by flap length. Flaps with 3 cm base 
and 6 cm length showed necrosis, while flaps with the same 
base and 1.5 cm length all survived regardless of tension. 
Flaps with intermediate lengths were tension sensitive, 
with tension greater than 250 g tending to cause necrosis 
(10). Undermining is thought to reduce wound tension by 
releasing vertical attachments between the dermis and sub- 
cutaneous tissues, allowing less restricted movement. 
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Figure 173.1 Representation of cutaneous vascular supply. Numbered parentheses delineate vas- 
cular supply for various types of flaps: 1, random-pattern flaps; 2, axial-pattern flaps; 3, myocutane- 


ous flaps. 


SKIN PHYSIOLOGY 


The vascular network within the skin facilitates regulation 
of body temperature and transfer of nutrients and other 
blood products, and the amount of blood flow is directly 
related to arteriolar pressure and flow (11). The precapil- 
lary sphincter controls the amount of nutritive blood 
flow to the skin (12), and this sphincter dilates with local 
hypoxemia (13). Preshunt sphincters, located deeper in 
the subcutaneous tissue, are regulated by the sympathetic 
nervous system, causing changes in blood flow that affects 
body temperature and systemic blood pressure (14). 
Vasodilatation can also occur with excessive body tempera- 
ture, through local release of acetylcholine by sympathetic 
nerve fibers (4). 

Revascularization is a complex process that is initiated 
after cutaneous injury or tissue transfer. Angiogenic stimuli 
lead to vasodilatation with increased vessel permeability. 
This is followed by dissolution of the basement membrane 


by proteases, allowing endothelial cells to migrate from 
the vascular wall toward the angiogenic stimulus. Nearby 
capillary sprouts anastomose with each other, forming 
loops. The blood vessels eventually differentiate to lay 
down basement membrane with type IV collagen, laminin, 
and proteoglycans. Some capillaries join preexisting ves- 
sels (inosculation), while others directly grow into the flap 
(neovascularization). Growth rate is about 0.2 mm/day, 
and regression of capillary loops occurs when the stimulus 
is discontinued after adequate vascular supply to the flap 
has been established (4). Revascularization adequate for 
detachment of a flap pedicle can be as early as 7 days (15), 
although waiting about 3 weeks is usually recommended. 
Venous outflow is important, and venous occlusion 
can be more detrimental to tissue survival than adequate 
arterial supply. Venous outflow is generally through the 
subdermal plexus or with venous channels that accom- 
pany arteries within the flap. Cutaneous lymphatic drain- 
age is also interrupted with tissue elevation, and increased 
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Figure 173.2 Relaxed skin tension lines (RSTLs) of the face. 
Notice that the lines of maximal extensibility (LME) run perpendic- 
ular to the RSTLs. Placing incisions along the RSTLs will decrease 
wound closure tension and optimize wound healing. 


interstitial fluid pressure can affect capillary perfusion. 
Severing of sympathetic nerves leads to vasoconstriction 
(16) through the release of norepinephrine and oxygen-free 
radicals (17), but the depletion of neurotransmitters within 
24 to 48 hours allows improvement in blood flow (18). 

Delay of cutaneous flaps is thought to improve survival 
of the flap at the time of eventual transfer. Some theories 
used to explain the benefits of delay include improved 
blood supply after recovery from a hyperadrenergic state 
that is induced by sympathetic denervation (16,19) and 
permanent and irreversible dilation of the “choke” vessel 
through hyperplasia and hypertrophy (20). Both tobacco 
smoking and radiation have been shown to have a delete- 
rious effect on flap survival, and delay of regional flaps is 
strongly considered in these patients (4). 


DEFECT ANALYSIS AND PREPARATION 


Analysis of a facial defect includes determining the depth 
of the wound, the color and texture of the missing skin, 
and the extent of involved aesthetic units and adjacent 
facial regions. In addition, the defect is inspected for 
any missing soft tissue, structural support, or lining. The 
thickness, texture, and mobility of remaining facial skin 
are assessed carefully; furthermore, any medical, social, 
and psychological issues pertaining to the patient should 
be considered. Finally, paramount to a successful recon- 
struction is appropriate assessment and treatment of any 
existing or potential functional compromise (i.e, nasal 
obstruction, eyelid malposition, oral incompetence) 
(Table 173.3). 
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WS) KEYPOINTS—FACIAL DEFECT 
uWe-F) ANALYSIS 


Depth, size, and location of defect 

Color, thickness, laxity of adjacent skin 
Aesthetic units and landmarks 

Nearby structures that cannot be distorted 
Existing or potential functional compromise 


Facial defects occasionally involve multiple areas of the 
face. When planning reconstructive options, it is helpful to 
demarcate the division between the primary and surround- 
ing facial regions such that defects involving multiple facial 
regions are repaired with separate methods addressing each 
region. Adhering to this principle places eventual scars 
along boundary lines that separate each aesthetic region, 
which helps preserve the natural contours of the face. 

Within each region, individual aesthetic units should 
be identified. Aesthetic units are based on variations in 
skin thickness and texture, as well as variations in contour 
created by the underlying facial framework (Fig. 173.3). 
Optimal repair of a facial defect may require repositioning 
of skin and soft tissue within an involved aesthetic unit, 
thereby allowing eventual scars to lie within zones of tran- 
sitions between adjacent units. In addition, small defects 
may be enlarged to facilitate repair of an entire aesthetic 
unit by a single repair method. 
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Figure 173.3 Nasal aesthetic subunits. 


LADDER OF FACIAL CUTANEOUS 
\¥e) RECONSTRUCTIVE OPTIONS 


Healing by secondary intention 
Primary wound closure 

Skin or composite grafts 

Local cutaneous flaps 

Regional cutaneous flaps 
Distant tissue transfer 


Establishing uniform depth, while maintaining symmetry 
with contralateral facial structures, is equally impor- 
tant. Beveled tissue at the periphery of the Mohs defect is 
removed if flaps are planned, in order to optimize ever- 
sion of skin edges at closure. In addition, cutaneous edges 
of the flap and the recipient tissue are adjusted appropri- 
ately to establish uniform thickness at the line of closure. 
Whenever possible, the primary defect should be deepened 
to establish uniformity rather than thinning the flap. One 
exception to removing beveled edges is when skin grafts are 
performed. In this circumstance, beveled edges are fresh- 
ened, but maintained, to provide a gradual contour transi- 
tion between recipient tissue and the skin graft. Additional 
techniques helpful in optimizing repair include angulation 
of curvilinear defects, since round defects are more likely to 
undergo concentric scar contraction and result in trapdoor 
deformity. Modifying the periphery of the defect by creating 
more acute angles often reduces the risk of this deformity. 

Facial defects are repaired using a number of options, 
including healing by secondary intention, primary closure, 
local and regional flaps, skin grafts, composite grafts, and 
free tissue transfer (Table 173.4). Occasionally, cartilage 
grafts or subcutaneous augmentation flaps are also neces- 
sary to establish appropriate support as well as contour 
match with the tissue surrounding the defect. Selection 


TABLE 


173.5 


Option Advantages 


Healing by second- 
ary intention 
Primary closure 


No further surgery required 


Technically quick and straightforward 
Usually good aesthetic outcome 


Cutaneous graft Technically quick and straightforward 
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of the optimal reconstructive method is influenced by the 
size, depth, and location of the facial defect (Table 173.5). 


PATIENT PREPARATION—MEDICAL 
COMORBIDITIES 


Systemic diseases such as diabetes, malnutrition, arterio- 
sclerosis, hypertension, and collagen vascular disease can 
compromise flap vascularity and lead to necrosis and 
impaired wound healing. Consulting with the patient’s 
personal physician is important to ascertain whether the 
patient’s medical condition is optimized during the peri- 
operative period. 

Patients with a history of irradiation have subcutaneous 
scar tissue and decreased vascularity of the skin in the irra- 
diated area. Cutaneous flaps from adjacent nonirradiated 
tissue are preferred, but even then, healing may be com- 
promised leading to poor outcome. When interpolated 
flaps are transferred to an irradiated area, detachment of 
the flaps is best delayed until revascularization of the flap 
is certain. For suitable candidates, consideration is given 
to hyperbaric oxygen treatment to optimize tissue oxygen- 
ation levels prior to reconstruction. 

Patients are questioned preoperatively concerning their 
use of tobacco and alcohol. Heavy alcohol consumption 
will dilate blood vessels, predisposing to hematoma for- 
mation. Avoidance of alcohol during the perioperative 
period is recommended. Ideally, tobacco and nicotine 
products should be avoided, at least 8 weeks before and 
after surgery. Even smoking cessation for 2 days before 
surgery and 7 days after surgery has been shown to have 
beneficial effects on flap survival. Smokers develop skin 
necrosis three times more frequently than nonsmok- 
ers, and the extent and depth of skin slough are more 
severe (21). Nicotine causes systemic vasoconstriction 
through activation of the adrenergic nervous system, which 
may lower tissue oxygenation pressure by greater than 


COMPARISON OF RECONSTRUCTIVE OPTIONS 


Disadvantages 


Extended wound care. May result in depressed, hypopigmented scar. 
Contracture may distort adjacent structures. 

May require excision of additional normal skin if rounded defect 

Use usually limited to defects that lie along RSTLs 

Donor site required 


Potentially poor match in cutaneous color, texture, and contour 
Longer wound care. Not always complete survival. 


Local cutaneous flap | Easy wound care 
Short healing period 
Usually complete survival 


Excellent color and contour match 


May be technically challenging 

Creates additional scars 

Secondary defect may cause distortion. 

Increased risk of bruising, swelling, trapdoor deformity 


Potential for greater reconstructive challenge with failure 
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50%. This occurs within 10 minutes of smoking a cigarette 
and lasts approximately 50 minutes. Smoking also pro- 
duces carbon monoxide, which has a higher affinity for 
hemoglobin than oxygen, thereby producing high levels 
of carboxyhemoglobin (22-26). When possible, consider- 
ation is given to delaying surgical procedures until smok- 
ing cessation can be assured. 


HEALING BY SECONDARY INTENTION 


Small superficial cutaneous defects involving concave 
facial surfaces may granulate and epithelialize with an 
acceptable aesthetic result. Ideal locations for healing by 
secondary intention include the temple and medial can- 
thus. It is imperative to keep wounds moist during the 
healing phase. Wounds are cleaned twice daily, removing 
fibrinous debris during each cleaning. Wounds are then 
covered with a topical water-based ointment containing 
mupirocin and nonadherent gauze for the initial 2 weeks, 
followed by a topical petroleum-based ointment and non- 
adherent gauze until complete reepithelialization occurs. 
For patients with larger defects or concerns for slower 
wound healing, wet-to-dry dressings are employed daily. 
These patients are instructed to place a moist, but not drip- 
ping wet, gauze to the wound in the evening, followed 
by removal in the morning. The morning wound care is 
as previously described, with topical ointment applica- 
tion and nonadherent gauze. Patients are counseled that 
wounds often take 4 to 6 weeks to heal, and massage may 
be indicated to address any contour irregularities. Patients 
may be offered resurfacing procedures if surface irregulari- 
ties are persistent. 


PRIMARY CLOSURE 


Adjacent facial tissue provides the ideal color, thick- 
ness, and texture for repair of most facial defects. 
Unfortunately, scars associated with primary closure or 
local flaps do not always fall along borders between aes- 
thetic units; nonetheless, the benefits gained in estab- 
lishing appropriate contour and skin color may outweigh 
this potential disadvantage. In general, oval and linear 
defects along RSTLs in a patient with redundant skin 
are ideal defects for primary closure; in addition, an 
M-plasty modification can be performed to shorten the 
length of the anticipated scar (Fig. 173.4). Modification 
of underlying facial tissue or framework may facilitate 
wound closure (i.e., dorsal nasal framework modifica- 
tion), and suspension sutures may be indicated to pre- 
vent distortion of mobile structures (i.e., canthal, nasal 
valve, and alar suspension sutures). 

Wide undermining of the skin adjacent to the defect is 
performed in subcutaneous plane for most facial defects; 
however, with nasal defects, the dissection is usually per- 
formed in a submuscular plane. Dissection in an approprti- 
ate plane minimizes bleeding and postoperative bruising, 


Section X: Facial Plastic and Reconstructive Surgery 


Figure 173.4 Comparison of the closure of a fusiform excision 
and an M-plasty excision. The straight portion of the M-plasty 
closure is significantly shorter than the fusiform closure. 


and wide undermining helps avoid trapdoor deformity. 
The effect of primary closure on surrounding structures 
such as the nasal tip, alar margin, eyelid, canthus, oral com- 
missure, and hairline should be evaluated. The method of 
repair should be reconsidered if there is significant distor- 
tion that is not expected to resolve with time and postop- 
erative massage. 


FACIAL CUTANEOUS FLAPS 


When primary wound closure is not possible, local flaps 
from adjacent facial cutaneous tissue may be used to repair 
defects. Repair with local flaps may be limited by the lax- 
ity of the donor skin, and thorough analysis of blood sup- 
ply, wound closure tension (Table 173.6), and strength of 
the underlying facial framework should be performed prior 
to performing a cutaneous flap. Cartilage grafting or sus- 
pension sutures may be necessary to prevent distortion of 


WS) FACIAL CUTANEOUS FLAPS KEY 
SVE) DEFINITIONS 


Wound created when skin flap is trans- 
ferred to the primary defect—goal is 
to place secondary defect in area of 
greatest tissue laxity. 

Movement of flap to defect 


Secondary defect 


Primary tissue 


movement 
Secondary tissue Displacement of skin surrounding defect 
movement toward center of wound usually sec- 


ondary to wound closure tension and 
movement of tissue to close the donor 
site 
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TABLE 


173.9 


Location: local, regional, or distant 
Vascular supply: axial or random 
Flap design and method of tissue movement 


mobile or weaker structures. Standing cutaneous deformities 
should be anticipated, and incisions should be placed along 
aesthetic borders or RSTLs when possible. Occasionally, flaps 
are combined with skin grafting for cutaneous restoration. 


Flap Classification and Description 


Cutaneous flaps are generally described as having skin and 
subcutaneous tissue with direct vascular supply and are 
usually transferred to an immediately adjacent or nearby 
location. Flaps can be classified based on (a) location, 
(b) vascular supply, and/or (c) flap design and method of 
tissue movement (Table 173.7). 

Flaps may be classified based on location of flap rela- 
tive to the defect. Local cutaneous flaps involve use of tis- 
sue immediately adjacent to or near the defect. Regional 
flap involves use of tissue from outside of the face, scalp, or 
neck, where arterial pedicle is sufficient to reach the facial 
defect (pectoralis muscle flap). Distant flaps involve har- 
vesting of tissue from a distant location, requiring micro- 
vascular anastomosis of vessels (free flap tissue transfer). 

Flaps may also be classified based on vascular supply, 
being described as having random or axial vascular sup- 
ply (Tables 173.8 and 173.9). Random cutaneous flaps are 
supplied by musculocutaneous arteries near the flap base, 
and blood travels to the tip of the flap via the interconnect- 
ing subdermal plexus. Survival of random cutaneous flaps 
depends on the physical properties of the supplying vessels 
and the perfusion pressure (27). Flap necrosis occurs when 
perfusion pressure drops below the critical closing pressure 
of the arterioles in the subdermal plexus and there is not 
improved survival with a wider flap base if the arteriolar 
pressure remains the same (28). Axial cutaneous flaps have 
a greater likelihood of survival compared to random cuta- 
neous flaps, with the survival advantage largely related to 
the incorporation of a septocutaneous artery within the 
longitudinal axis. Survival is related to the length of the 


Paramedian forehead flap 

Lip crossover flap (Abbe or 
Estlander flap) 

Temporoparietal flap 


Supratrochlear artery 
Orbicularis oris artery 


Superficial temporal artery 


Rotation flaps 

Transposition flaps 
Advancement flaps 
Postauricular interpolation flap 


included artery, and vascular supply to the portion of skin 
beyond the direct arterial supply is based on the subdermal 
plexus, similar to a random cutaneous flap. 

Flaps may be described based on the method of tis- 
sue movement and include three general types: pivotal, 
advancement, and hinge flaps (Table 173.10). Each of 
these methods will be described in more detail with the 
following discussion. 


Pivotal Flaps 

Pivotal flaps move toward the center of the wound by piv- 
oting around a fixed point at the base of the flap pedicle, 
and examples include rotation, transposition, and inter- 
polation. In general, the greater the pivot of the flap, the 
shorter the effective length of the flap. The effective length 
is reduced 5%, 15%, and 40% for flaps pivoted 45, 90, and 
180 degrees, respectively (29). When designing a pivotal 
flap, greater degrees of pivot usually require a longer 
flap to account for loss of effective length, and pivoting 
greater than 90 degrees should be avoided. Incidentally, 
the greater the amount of pivot of the flap, the larger the 
amount of redundant tissue at the base (standing cutane- 
ous deformity). 


Rotation Flaps 

Rotation flaps are pivotal flaps with curvilinear design 
(Fig. 173.5). In general, rotation flaps involve transfer of 
tissue immediately adjacent to the defect and are best used 
for repair of triangular defects. When rotation flaps involve 
pivoting of tissue only, and no advancement component, 
the greatest wound closure tension has been shown to be 
at the site perpendicular to the periphery of the flap (30). 


TABLE 


173.10 


Pivotal flaps 
Rotation flaps 
Transposition flaps 
Interpolated flaps 
Advancement flaps 
Uni-or bipedicled advancement flaps 
V-Y or Y-V advancement flaps 
Island advancement flaps 
Hinge flaps 
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Figure 173.5 Rotation flap with semicircular design. 
Standing cutaneous deformity is removed at the base 
of the donor site. 


Classically, rotation flaps are designed so that the length of 
the arc incision is four times the width of the defect. This 
configuration minimizes the need for any modifications. 
Rotation flaps have great flexibility in design, and position 
should be optimized so the flap border falls along aesthetic 
borders or RSTLs; in addition, flaps should be inferiorly 
based to facilitate lymphatic drainage. If the defect is not 
triangular, the defect can be modified to allow for removal 
of the standing cutaneous deformity at the inferior edge of 
the defect, thereby converting the wound to a triangular 
shape. Bilateral rotation flaps can be designed, with oppos- 
ing flaps both transferred along curvilinear borders into 
the defect. When two opposing flaps are used, they result 
in a T-shaped scar (known as an O-to-T closure). Opposing 
rotation flaps can be of unequal lengths, depending on the 
surrounding tissue, aesthetic borders, and anatomic struc- 
tures. A facial location that is particularly amenable to clo- 
sure using opposing rotation flaps is the temple, with the 
T-shaped incision placed along the lateral canthal creases 
and the hairline. 

When necessary, rotation flaps can be modified to 
reposition the standing cutaneous deformity, optimize 
wound closure tension, and facilitate skin redrapage. 
Modifications include a back cut at the base of the flap, 
which changes the position of the pivot point to lessen 
wound closure tension. In addition, this technique allows 
removal of the standing cutaneous deformity at the back 
cut, which may fall in a more optimal location such as a 
facial aesthetic border. Care must be taken when removing 
tissue at the flap base, since this may compromise the vas- 
cularity of the flap. Redundant tissue can also be removed 
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anywhere along the curvilinear arc, equalizing the length 
discrepancy between the flap’s border with the adjacent 
defect border. Typically, the redundant tissue is removed in 
a triangular fashion, with excision width similar to defect 
width, and effort is made to place excision in an optimal 
position for scarring. Other modifications include chang- 
ing the method of transfer from purely pivotal to include 
some degree of advancement as well. 


Transposition Flaps 
Transposition flaps transfer adjacent tissue about a pivot 
point but have a linear configuration (Fig. 173.6). Similar 
to rotation flaps, the greater the degree of pivot, the lesser 
the effective length of the flap and the greater the size of the 
standing cutaneous deformity. Wound closure tension is 
greatest at the closure site of the secondary defect adjacent 
to the base of the flap. Transposition flaps created from 
thick skin have limited mobility and produce larger stand- 
ing cutaneous deformities and excessive wound closure 
tension. Design of transposition flaps with angulated bor- 
ders reduces the likelihood of trapdoor deformity, which is 
commonly seen with curvilinear scars (31). Transposition 
flaps are generally pivotal but may also involve some 
degree of advancement. Two types of frequently used trans- 
position flaps are rhombic flaps and bilobed flaps. 
Rhombic flaps involve repair of a defect that resem- 
bles a parallelogram, having all sides equal with angles at 
60 and 120 degrees opposing each other. The flap design 
involves extending the short diagonal of the parallelogram 
a distance equal to one side. Subsequently, a second inci- 
sion is made parallel to one of the adjacent borders, again 


the same length. With this technique, with every rhombus 
defect, four potential flaps can be designed (Fig. 173.7). 
Selection of flap location relative to the defect should be 
considered carefully and selected based on avoidance of 
distortion of surrounding anatomical structures and mini- 
mizing wound closure tension by recruitment of tissue lax- 
ity. One disadvantage of the rhombic flap is the difficulty 
in having the majority of the scar fall within RSTLs, and for 
this reason, some surgeons utilize this flap less frequently 
in reconstruction of facial defects. 
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The bilobed flap is a double transposition flap with a 
single base (Figs. 173.8 and 173.9). The classic design 
involved pivoting each lobe 90 degrees, resulting in a 
total transposition of 180 degrees. The design was modi- 
fied by Zitelli, having each lobe be 45 to 50 degrees, with 
total transposition under 100 degrees. This modification 
decreased the wound closure tension and lessened the 
standing cutaneous deformity (32). Similar to rhombic 
flaps, a disadvantage is the difficulty in having scars fall 
within RSTLs; however, the flap is commonly used for nasal 


Figure 173.6 Glabellar flap. A: A patient with nasal defect following Mohs excision of skin cancer; 
(B) glabellar flap designed; (C) wide undermining of flap across nasal framework; (D) wound closure; 
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Figure 173.6 (Continued) (E) two-year postoperative result, lateral view; (F) two-year postopera- 
tive result, oblique view. 


reconstruction, especially tip and supratip defects, since the the secondary lobe, generally 80% to 85% the size of the 
double lobe design allows for recruitment of tissue from defect, is used to repair the donor site of the primary lobe. 
areas of greater tissue laxity such as the nasal sidewall. The donor site of the secondary lobe is closed primarily. 

The primary lobe of the bilobed flap, usually the Variations in the size of each lobe are based on differences 
same size as the defect, is used to restore the defect and in cutaneous thickness. If the lobe is located within an 


Point of 

maximum 
tension on 
closure 


Figure 173.7 A: Classic rhomboid delineated with 60-degree and 120-degree angles with four 
possible limbs of tissue transfer. B-D: The flap is incised and transposed. E: Site of maximum tension 
demonstrated. 
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Bilobed transposition flap design. Ideal angle of flap transfer is about 90 to 100 degrees, 
with the angle measured between the defect and secondary lobe. Secondary lobe is placed within 
area of suitable tissue laxity. 


area of thick, noncompliant, immobile facial tissue, it is structures. In addition, oversizing of the flap predisposes to 
imperative to make the lobe the same size as the defect since trapdoor deformity and uneven contours. Hence, judicious 
limited mobility and stretch is expected. Undersizing of the sizing is necessary and is dependent on the texture and 
primary or secondary lobe will result in increased wound __ thickness of the skin and tissue being transposed. In gen- 
tension, poor scarring, and distortion of surrounding facial eral, ideal patients have thin, mobile skin, while patients 


Bilobed transposition flap. A: A patient with nasal defect following Mohs excision of 
skin cancer; (B) bilobed transposition delineated, with arc of rotation 100 degrees; 
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Figure 173.9 (Continued) (C) wide undermining of flap across 
nasal framework; (D) wound closure; (E) one-year postoperative 
result. 


with thick, sebaceous skin have less mobility for transfer 
and increased risk of developing necrosis, trapdoor defor- 
mity, and depressed scars. An anticipated standing cutane- 
ous deformity is removed, whenever possible, within an 
incisional line hidden along an aesthetic unit boundary. 
Bilobed flaps on the nose are ideally based laterally and 
are best used to repair defects located on the central or lateral 
nasal tip that are less than 1.5 cm in diameter. When pos- 
sible, the axis of the secondary lobe is placed perpendicular to 
the alar rim. In so doing, displacement of the alar rim by clo- 
sure of the secondary lobe donor site is minimized. An ideal 
defect location for this technique is the zone of transition 
between the tip, ala, and sidewall. Use of the bilobed flap for 
alar reconstruction is avoided because crossing the alar groove 
with the pedicle causes distortion of this nasal landmark (33). 
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Interpolation Flaps 

Interpolation flaps are similar to transposition flaps in 
that they have pivotal movement; however, the base of 
interpolated flaps is not contiguous with the defect result- 
ing in a pedicle that spans over intervening cutaneous tis- 
sue. Interpolation flaps require secondary detachment, 
once recipient vascular supply to the flap has been estab- 
lished. Common examples of interpolation flaps include 
the paramedian forehead flap (Fig. 173.10) and the melo- 
labial flap used in nasal reconstruction. Both are detailed 
in a separate section in this textbook and will not be fur- 
ther discussed in this chapter. Other examples include the 
lip crossover flap and the postauricular flap, both used for 
the repair of full-thickness defects involving the lip and 
ear, respectively. 


Chapter 173: Local Cutaneous Flaps and Grafts 2809 


Interpolated flap—paramedian forehead flap. 
A: A Patient with a full-thickness nasal defect after Mohs excision of 
skin cancer; (B) paramedian forehead flap designed based on the 
supratrochlear artery; (C) flap in place after transfer; (D) six-year 
postoperative result. D 
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Burow’'s triangle 
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Figure 173.11 Monopedicled advancement flap. Flap is incised and transferred across the defect. 
Standing cutaneous deformities are excised at the base of the donor tissue. 


Advancement Flaps 

Advancement flaps have a linear design and are moved 
directly to the defect. These flaps are mobilized by undermin- 
ing of tissue and inevitably have some component of “stretch- 
ing” of tissue; hence, advancement flaps are most successful 
in areas of greatest tissue laxity and extensibility. Examples 
of advancement flaps include unipedicle, bipedicle, V-Y, Y-V, 
and island advancement flaps. Primary closure is the sim- 
plest form of advancement, requiring only undermining and 
advancement of tissue without releasing incisions to facili- 
tate tissue movement. Primary closure generates standing 
cutaneous deformities that are ideally removed along RSTLs. 


Uni- and Bipedicled Advancement Flaps 

Unipedicled flaps involve parallel incisions with movement of 
tissue spanning over defect. Repair is completed with primary 
and secondary tissue movement. Given the length discrep- 
ancy between flap borders and recipient tissue, standing cuta- 
neous deformities develop along both incisions and can be 
incised at any favorable point along the incision lines. Effort 
is made to place incisions along RSTLs, and bilateral flaps can 
be employed (Fig. 173.11). When two flaps are used, they 
are opposing and result in an H-shaped scar (Fig. 173.12). 
Opposing advancement flaps can be of unequal lengths, 
depending on the surrounding tissue laxity, aesthetic borders, 
and anatomic structures. Unipedicled flaps may be employed 
in the repair of forehead defects, where the longest portions 
of the H-shaped incisions are placed within the horizontal 
forehead creases. Bipedicled flaps involve transfer of tissue 
at a right angle to the defect, leaving a secondary defect that 
is commonly repaired with grafting. Bipedicled flaps may 
be used for scalp reconstruction, but more commonly, these 
flaps are used for vestibular lining repair of nasal alar defects. 


V-Y and Y-V Advancement Flaps 

V-Y advancement flaps involve “pushing” of central tissue, 
with closure of donor site by advancement of opposing 
wound borders. Wound closure tension is perpendicu- 
lar to movement of central tissue, and this technique is 


commonly used for release and lengthening of contracted 
tissue. V-Y advancement can be used to correct distorted 
vermillion or eyelid borders. Y-V advancement involves 
creation of a triangular defect, followed by “pulling” of 
central tissue toward the defect. Wound closure tension 
is parallel to the central vector of the flap and is great- 
est at the apex of the flap. This technique is not com- 
monly used in facial reconstruction but may be helpful in 


Area to be 
removed 


Figure 173.12 Bipedicled advancement flaps. Flaps are incised 
and transferred across the defect. Standing cutaneous deformities 
are excised at the base of the donor tissue. 
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A,B: Commissuroplasty with Y to V flap. 


restoring a distorted oral commissure (commissuroplasty) 
(Fig. 173.13). 


Island advancement flaps involve transfer of an “island” of 
cutaneous tissue, incised on all borders, with a pedicle of 
subcutaneous tissue containing sufficient vascular supply. 
Dissection is performed for the medial and lateral thirds of 


the flap, maintaining a central island pedicle with random 
arterial supply. Island advancement flaps can be rotated 
and/or advanced to the defect, but for facial defects, the 
flaps are more commonly advanced. An example of rota- 
tion would include rotation along the melolabial crease 
for the repair of lip or medial cheek defects (Fig. 173.14). 
Design of the flap is largely dependent on the shape of 
the defect, surrounding anatomical structures, aesthetic 


Island advancement flap. A: A patient with an open facial defect after Mohs resection of skin 
cancer; (B) island advancement flap designed; 
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(Continued) (C) broad undermining and release of tissue; (D) securing the flap to 
medial periosteum using tacking suture; (E) closure; (F) one-year postoperative result. 


borders, and RSTLs. Patients with moderate skin thickness 
and sufficient tissue laxity are the best candidates, and flaps 
may need to be oversized to avoid distortion of anatomi- 
cal structures adjacent to the defect. Wide undermining of 
adjacent tissue decreases the likelihood of trapdoor defor- 
mity and adjacent structure deformation. Island advance- 
ment flaps may be transferred over intervening cutaneous 


tissue and, thus, also be considered an interpolated flap in 
these circumstances. 


Hinge Flaps 

Cutaneous hinge flaps involve transfer of tissue by “flip- 
ping over” the tissue into the desired position and loca- 
tion, similar to turning the page in a book. This type of 


flap may be of varied shape and is most commonly used 
for internal lining purposes. After transfer of the cutaneous 
hinge flap, the subcutaneous tissue that remains exposed is 
covered by a second cutaneous flap or graft. Vascularity is 
dependent on the tissue bordering the defect; hence, allow- 
ing the wound border to become well healed improves 
the vascularity of the cutaneous hinge flap. Subcutaneous 
hinge flaps involve transfer of only subcutaneous tissue 
in the same fashion and are most commonly for contour 
augmentation and/or coverage of cartilage grafts prior to 
cutaneous restoration. 


Technique—Facial Cutaneous Flaps 


In preparation for local flaps, the involved facial regions 
are injected with local anesthetic containing epineph- 
rine in an appropriate plane to facilitate dissection 
and optimize hemostasis. The margins of the defect are 
freshened with a scalpel, removing the beveled edge 
from the Mohs resection. The flap is demarcated based 
on the size of the defect, and the flap and surrounding 
cutaneous tissue are elevated in an avascular plane, tak- 
ing care to maintain a rich vascular supply to the flap. 
Wide undermining reduces trapdoor deformity and 
facilitates wound closure by reducing wound tension 
(Table 173.11). 

The donor site is closed first, followed by suturing the 
flap in place. Polydioxanone or poliglecaprone sutures are 
used for subcutaneous closure, and polypropylene verti- 
cal mattress and running sutures are used for cutaneous 
closure. Bacitracin is applied and a compression dressing 
consisting of a nonadherent dressing, cotton balls, and 
expandable tape is placed for 24 hours. Cutaneous sutures 
are removed in 5 to 7 days. 

Facial cutaneous flaps have the potential to distort 
normal facial anatomy, leading to anatomic asymme- 
tries, retraction or distortion, and functional compromise. 
Careful planning and selective use of flaps minimize these 
potential complications; furthermore, judicious use of car- 
tilage grafting is recommended. Cartilage grafts can be har- 
vested from septum or the conchal bowl, and grafts are sewn 
in place using polyglactin mattress sutures. Cartilage grafts 
are commonly used along the alar rim to prevent notching. 
Suspension sutures may be used in the area of nasal sesa- 
moid cartilages, spanning toward the pyriform aperture, 
to address any potential nasal valve collapse. Suspension 


TABLE 
KEYPOINTS—CUTANEOUS FLAPS 


173.11 


Proper patient and defect selection 
Orient flap tension to minimize distortion 
Perpendicular incisions and wide undermining 
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sutures may also be used at the lateral and medial canthus 
in the form of a canthopexy or canthoplasty, in order to 
address any potential eyelid malposition. 


FACIAL CUTANEOUS GRAFTS 


Occasionally, superficial and/or extensive facial defects 
are best addressed by repair with a skin or composite graft 
(Table 173.12). Placement of a graft obviates the need for 
additional scars on the face as is seen with other recon- 
structive methods; however, most grafts have a “patched” 
appearance with discrepancies in color and _ texture 
between native and grafted facial skin. Postoperative resur- 
facing procedures may minimize these color and texture 
discrepancies. 

Skin graft viability depends on several factors: blood 
supply to the recipient site, microcirculation on the sur- 
face of the recipient site, vascularity of donor graft tissue, 
contact between the graft and recipient site, and certain 
systemic illnesses. Contact between the skin graft and 
recipient site is essential, and a bolster dressing prevents 
fluid collections and shearing forces from disrupting 
fibrous connections between the graft and wound bed. 
Systemic illnesses that may compromise graft survival 
include inflammatory conditions, hematologic disorders, 
diabetes, nutritional deficiencies, and hypoxemia (34). 
Use of tobacco products is also detrimental to the survival 
of skin grafts. 

Recipient site conditions that are not favorable to 
graft survival include irradiated tissue, excessive fibrosis, 
exposed bone, cartilage, or tendon. Grafts placed over 
avascular defects smaller than 1 cm? may survive through 
nutritional support via wound edges; however, grafting 
over avascular wounds larger than this is unlikely to suc- 
ceed (34). 


Split-Thickness Grafts 


Split-thickness grafts consist of epidermis and a variable 
portion of underlying dermis, and most surgeons harvest 
these grafts with a dermatome so as to contain epidermis 
and minimal to no dermal tissue. Because of their poor 
color and texture match with normal skin and their ten- 
dency to contract, split-thickness skin grafts are rarely used 
to replace cutaneous tissue in facial reconstruction. 


TABLE 
FACIAL CUTANEOUS GRAFTS 


173.12 


Split-thickness grafts 
Full-thickness grafts 
Staged grafts 
Composite grafts 
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Full-Thickness Grafts 


Full-thickness skin grafts consist of epidermis and full- 
thickness dermis. They resist contraction, have texture and 
pigmentation similar to normal skin, and require a well- 
vascularized, uncontaminated wound site for survival. 
Full-thickness grafts survive initially by diffusion of nutri- 
tion from fluid in the recipient site, a process known as 
plasma imbibition. This is followed by vascular inoscula- 
tion, which usually occurs during the first 24 to 48 hours. 
After 48 to 72 hours, capillaries in the recipient site begin 
to grow into the graft to provide new circulation. By 3 to 
5 days, a new blood supply has been established. Initially, 
full-thickness skin grafts appear blanched; however, over 
3 to 7 days, a pink color develops signaling neovascular- 
ization. After 4 to 6 weeks, the pink color begins to fade, 
but the graft will often remain lighter than the surrounding 
skin, especially in darker skinned individuals. 

Compared to split thickness, full-thickness grafts have 
the advantage of better color and texture match, less con- 
tour irregularities, no need for special equipment, and eas- 
ier donor site wound care. The disadvantages may include 
reduced survival rate for larger grafts and longer healing 
time (34). The ideal facial defect to repair with a full- 
thickness skin graft is superficial, with loss of skin, but not 
underlying muscle or soft tissue. The vascularity of shallow 
wounds is greater than that for defects extending underly- 
ing cartilage or bone. There is a wide variation of facial skin 
thickness among individuals, and the overall thickness of 
the facial skin is an important preoperative consideration. 
For similar facial defects, a skin graft may provide a per- 
fect match in terms of thickness for one person and a poor 
match for another. 

A number of donor sites for skin grafts are available 
in most individuals, including the upper eyelid, forehead, 
melolabial fold, preauricular, postauricular, and supracla- 
vicular areas. When selecting the donor site, the thickness 
and color of the recipient site skin are assessed, and the 
most optimal match in donor skin is determined. Skin 
from the postauricular area is preferred in men with skin 
defects of limited size because it is hairless and tends to 
have a similar thickness to the facial skin. Because men 
tend to have shorter hair than women, the postauricu- 
lar skin is likely to have solar aging, which provides an 
improved skin color match with the facial skin. In con- 
trast, preauricular skin is a better source for grafts in 
females. Preauricular skin in females is hairless and has 
more solar aging compared to postauricular skin, which 
is often covered by hair. The supraclavicular region is an 
excellent source for skin grafts, especially when a large 
graft is required. However, the supraclavicular skin is 
usually less sun exposed, creating a color discrepancy 
between the recipient skin and the skin graft. In addition, 
the supraclavicular skin can be much thicker than most 
facial skin, and judicious thinning of the graft is usually 
required. 
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There are occasions when skin grafts are used to repair 
defects even when it is anticipated that the graft will result 
in a contour depression or noticeable color discrepancy. 
These situations arise when caring for debilitated patients 
who have life-threatening illnesses. In addition, in patients 
who have malignancies showing aggressive growth pat- 
terns and tumor persistence or recurrence is a primary con- 
cern, skin grafts may be used as a temporary covering for a 
several years to facilitate tumor surveillance. 

Locations particularly amenable to skin grafting include 
the temple, medial canthus, philtrum, and portions of 
the nose. The ideal nasal defects perhaps most amenable 
to a skin graft are separated from the free margin of the 
nostril by 5 mL and located in thin-skinned areas of the 
nose, such as the cephalic sidewalls, cephalic dorsum, and 
infratip lobule. Shallow wounds in these areas are typi- 
cally completely filled by a full-thickness skin graft, thereby 
establishing confluent contour with the surrounding skin. 
The areas of the nose covered with thicker skin tend to 
heal with a contour depression and noticeable textural dis- 
crepancies between graft and adjacent facial skin. This is 
because the facial skin in these areas tends to have a more 
sebaceous nature than the graft. 

If a full-thickness graft has been performed and a con- 
tour depression exists, the appearance can be improved by 
subsequent placement of a dermal fat graft after the skin 
graft has healed. Meyers et al. describe the use of dermal 
grafts at the time of skin graft placement to help prevent 
contour depression following repair of deeper defects. 
Their technique involves the placement of dermal tissue in 
linear strips within the wound bed, leaving adequate expo- 
sure of the underlying wound bed to provide nourishment 
to an overlying skin graft (35). 

Defects located on the lateral nasal ala immediately 
adjacent to the nasal facial sulcus can be repaired with a 
number of options. If the defect extends into the cheek, 
the cheek component of the defect is usually repaired with 
a cheek advancement flap. The alar component can be 
repaired with a cheek or paramedian forehead flap if the 
defect is large. For smaller defects, especially in very young 
patients where preservation of regional flaps is desired, full- 
thickness skin grafts and composite grafts are considered 
for the alar portion of the defect. Full-thickness grafts are 
best suited for superficial defects not extending to the nos- 
tril border. In the case of deep alar defects, skin grafts do 
not lend any structural support, and subsequent nasal valve 
collapse may lead to compromise of the nasal airway. One 
option for patients with deep alar defects is the transfer of 
subcutaneous cheek tissue in the form of a hinge flap. The 
flap partially fills the defect and facilitates placement of 
an alar batten graft deep to the hinge flap. A full-thickness 
graft can then be placed as external covering over the hinge 
flap, thereby completing a single-stage reconstruction. 

When defects of the nasal sidewall extend to the medial 
cheek, the cheek component of the defect is reconstructed 


with a cutaneous advancement flap. The flap is advanced 
and anchored in place at the nasal facial sulcus with deep 
sutures that pass from the medial border of the flap to the 
periosteum of the nasal sidewall. A full-thickness skin graft 
is then used to resurface the sidewall. The cheek advance- 
ment flap facilitates positioning scars along the junctional 
zone between the aesthetic regions of the cheek and nose. 


Staged Grafts 


For deeper wounds, skin grafting may be delayed until granu- 
lation tissue has filled the wound bed (2 to 3 weeks), thereby 
reducing the likelihood of a step-down deformity at the 
edges of the graft. In addition, delay provides an improved 
vascular recipient site for the graft (36), which is especially 
important in areas of exposed periosteum or perichon- 
drium. Development of sufficient granulation tissue may be 
improved by initial placement of an acellular dermal graft 
wound matrix to facilitate healing of wound bed prior to 
skin grafting. The acellular dermal graft wound matrix may 
be placed at the time of tissue resection, and wound care is 
dependent on the type of acellular dermal graft employed. 
Following development of sufficient granulation tissue, 
any epithelium is removed prior to grafting and the tissue 
is cross-hatched so that myofibrils are released. Granulating 
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wounds normally contain bacteria, and bacterial counts 
greater than 10° organisms per gram of tissue often lead 
to graft loss (37). When delayed grafting is planned, the 
patient is started on a course of an antistaphylococcal anti- 
biotic several days prior to the delayed grafting procedure. 


Technique—Facial Cutaneous Grafts 


All patients undergoing skin grafting receive preopera- 
tive intravenous antibiotics, followed by 1 week of oral 
antibiotics. The bevel of the defect after Mohs excision 
is freshened, taking care to maintain a bevel to the skin 
edge, thereby smoothing the transition between the graft 
and recipient skin and lessening any contour deformity 
(Fig. 173.15). Additional beveling of the defect may be per- 
formed if the skin graft is substantially thinner than the 
depth of the recipient site. 

A template is made of the recipient site by outlining the 
periphery of the wound with a surgical marker and pressing 
a nonadherent dressing pad over the marking. If the defect 
is round, the shape is often modified by excising skin to 
create angulated borders, which improves the contour out- 
come. In addition, movement and transfer of adjacent facial 
skin are performed if this is found helpful in isolating the 
defect to a single facial aesthetic unit. Using the template, 


Cutaneous graft. A patient status post glabellar flap prior to presenting to our 
facility. A: Open nasal defect following Mohs excision of skin cancer—no nasal laxity; (B) preauricular 
donor site delineated; 
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Figure 173.15 (Continued) (C) wound site preparation with angulation of borders and beveling of 
wound edges; (D) cutaneous graft inset; (E) bolster for skin graft placed; (F) one-year postoperative 
result. 


TABLE 
173.13 KEY POINTS—CUTANEOUS GRAFTS 


Consider delay. 

Angulate recipient site borders. 
Bevel wound edges. 

Optimize vascularity of wound bed. 


the configuration of the graft is determined. The graft is 
excised and all subcutaneous tissue is removed using curved 
scissors. This is best accomplished by placing the graft over 
one’s finger, epidermal side down, and trimming off excess 
fat until shiny dermis is visible (Table 173.13). 

The graft is transferred to the recipient site and secured 
with absorbable sutures as well as a bolster. The bolster is 
removed after 5 days, and any type of shearing motion is 
avoided as it may disrupt vascularization of the graft. After 
removal of the bolster, the patient is instructed to keep the 
graft dry and apply topical ointment to the graft’s edges 
only. A week or two later, when the graft has survived and 
is well adhered to the recipient site, the patient is allowed 
to bathe the area. 

The graft may appear bruised during the first few days 
following transfer. It then transitions to a hyperemic stage, 
which fades over weeks to months. Occasionally, a dark 
graft may not survive. If the entire graft dies, it will sepa- 
rate from the recipient site within several weeks. More 
commonly, the deeper portion of the graft will survive 
while the more superficial portion forms an eschar, which 
remains fixed to the wound bed. When this occurs, reepi- 
thelialization will occur from the wound edges and from 
the viable deeper dermal component of the graft. Often, 
sufficient dermis survives to prevent the development of a 
depressed scar following complete healing; however, color 
and textural differences between facial skin and the graft 
are usually more apparent than when the graft survives 
completely. 

Adjunctive procedures to optimize aesthetic appear- 
ance may be performed after grafting. Trapdoor deformi- 
ties usually resolve overtime with appropriate massage. 
Grafts rarely require a surgical contouring procedure, but 
sometimes, Z-plasties may be performed at the border of 
the graft to enhance the transition between graft and native 
facial skin. Resurfacing procedures for full-thickness skin 
grafts are an option, and usually most of the facial skin 
within the aesthetic units surrounding the graft is resur- 
faced as well. 


Facial Composite Grafts 


Composite grafts contain two or more tissue layers and 
often are unsuccessful secondary to high metabolic 
demands. They obtain their nourishment through plasma 
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imbibition during the first 24 hours after transfer, followed 
by vascular inosculation. Ingrowth of capillaries from the 
edges of the graft begins by the third day (38,39,40). 

Composite grafts were first described by Konig (41), who 
used composite auricular grafts to repair alar defects, not- 
ing a 53% graft survival. Composite grafts have been used 
to repair nasal columellar defects (42,43) and deficiencies 
in nasal lining (44). During the first half of the 20th cen- 
tury, Limberg (45) advocated the cavum and cymba of the 
concha as the preferred donor site for repair of the nose. 
Symonds and Crikelair (46) also used composite auricu- 
lar grafts for nasal reconstruction, reporting an 89% graft 
survival rate. 

The auricle is an excellent source for composite grafts 
for facial reconstruction, especially for nasal defects, 
because it provides a contoured graft of skin and cartilage. 
Certain segments of the auricle loosely replicate the deli- 
cate topography of the columella, facet, and nostril margin 
where composite grafts are commonly employed. For both 
anatomic sites, the skin is tightly adherent to the under- 
lying cartilage and/or fibrofatty tissue. Common auricular 
donor sites are helical crus, helical rim, antitragus, and 
fossa triangularis. The helical crus provides a good contour 
match for small alar rim defects and provides the option of 
incorporating in the graft a segment of preauricular skin. 

The traditional recommendation is to limit the size of 
composite grafts to 1 cm or less (47). Considerably larger 
grafts may be successful if they are placed in a vascular 
recipient site and the graft is designed so that no portion 
is more than 1.0 cm from a wound edge (48-50). Skouge 
advocated a tongue and groove technique when using 
composite grafts. This technique involves insetting the bor- 
der of the graft between two layers of tissue at the recipient 
site (37). This method of graft attachment has the effect of 
increasing surface contact between graft and recipient site 
by 50% (51). A hinge flap developed at the recipient site 
also increases the surface area for attaching a composite 
graft (52). 

The use of perioperative corticosteroids is beneficial in 
enhancing survival of composite grafts in animals. Rabbits 
treated with preoperative and postoperative methylpred- 
nisolone demonstrated improved graft survival compared 
to animals receiving no steroids or postoperative doses 
only. Attempts to salvage compromised grafts with delayed 
administration of steroids were not successful (53,54). 
Cooling of composite grafts has also been demonstrated 
to improve survival. Cooling reduces biologic require- 
ments and improves graft survival in irradiated, atrophic, 
or scarred recipient sites. Conley demonstrated that con- 
stant application of ice compresses for 14 days effected a 
fall in skin temperature from 38°F to 17°F Grafts ranged 
in size from 1 x 1 cm to 2 x 2 cm. Of twelve composite 
grafts transferred to the nose and treated with ice com- 
presses, ten survived completely. Five of the grafts had 
been placed in recipient sites with scarring or postirradia- 
tion fibrosis (55). 
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An ideal defect for a composite auricular graft is a small 
(1.0 cm or less) full-thickness defect of the nasal facet or 
columella. The nasal skin in these areas is extremely thin, 
lacking subcutaneous fat, and is tightly adherent to the 
underlying cartilage or fibrous connective tissue. Composite 
auricular grafts obtained from the helical crus provide grafts 
with thin skin attached to a delicate segment of cartilage, 
providing structural support and skin that closely resembles 
the adjacent nasal skin of the columella and facet. 

Perhaps more commonly, composite grafts are used 
to repair small defects of the nasal ala, especially those 
extending to the alar rim. Composite grafts can be used to 
maintain structural integrity at the nasal valve and provide 
a smooth continuous border to the alar rim. Weisberg and 
Becker describe the use of auricular composite grafts with 
stabilizing struts for repair of such defects. The stabilizing 
struts are extensions of cartilage that are placed beneath the 
adjacent nasal skin in a tongue and groove fashion similar 
to Skouge’s original description (56). 


Technique—Facial Composite Grafts 


Patient selection is an important consideration. The use 
of composite grafts is generally limited to small defects 
in patients who do not use tobacco and have no systemic 
illnesses that would compromise graft revascularization. 
Patients receive antibiotics and wound preparation similar 
to that described when performing skin grafts. In addition, 
prednisone is administered on the day of surgery and a ste- 
roid taper is provided postoperatively. 

Improved survival rate is noted if grafting is delayed until 
the facial defect has partially healed by secondary inten- 
tion. The facial defect is then prepared by removing any 
epithelium and subepithelial scar tissue, and a template is 
created that measures several millimeters larger than the 
defect in all dimensions. Harvesting a graft that is slightly 
larger than the defect accommodates for the inevitable con- 
traction of the graft. Whenever possible, a flap of soft tissue 
hinged on a border of the defect is developed to enhance 
surface contact with the graft. A composite graft containing 
skin and cartilage is harvested from the region of the auri- 
cle that most closely matches the contour and thickness of 
the nose at the defect site. The graft is placed in cold saline, 
and the donor site is closed primarily using polydioxanone 
or poliglecaprone sutures to approximate the edges of 
the auricular cartilage and polypropylene sutures for the 
skin. The graft is transferred to the recipient site and secured 
in place with simple absorbable sutures, limiting the degree 
of manipulation of the graft. If the graft is small, no sutures 
are placed through the cartilage. Limiting the number of 
sutures used to fix the graft in place is thought to be benefi- 
cial in enabling earlier and more abundant vessel ingrowth. 

Ice-saline compresses are applied for the first 3 to 5 days. 
Successful grafts transition in color during the first week: 
blanched at initial transfer, pink color at 6 hours, darker by 
24 hours, and gradual development of a pink color in 3 to 
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7 days. Complications include partial or complete graft 
loss, contracture, pigmentary changes, and contour abnor- 
malities. Contour abnormalities may be addressed with a 
debulking or scar revision procedures. 


COMPLICATIONS 


It is essential that surgeons become familiar with the 
potential complications associated with facial recon- 
structive surgery, anticipating these undesirable events 
and taking proper measures to help prevent their occur- 
rence (Table 173.14). Establishing a consistent periopera- 
tive routine is the first step in preventing complications. 
Appropriate preoperative counseling of the patient will 
reduce the likelihood of complications, and informed con- 
sent should include an open discussion of potential prob- 
lems that may occur. Immediate and regular postoperative 
evaluations of the patient will facilitate early recognition 
and treatment of complications. Some complications are 
reversible, and expeditious treatment may prevent a revers- 
ible complication from becoming an irreversible one. 
Finally, adherence to well-established surgical principles 
is essential for minimizing the incidence of complications 
when performing facial reconstructive surgery. 


Bleeding 

Common causes of bleeding from facial reconstruction 
using local flaps are drug-associated coagulopathy and 
inadequate hemostasis. Patients are questioned preop- 
eratively concerning use of all prescription and over-the- 
counter medications that may contribute to perioperative 
bleeding. Discontinuation of any medications prescribed 
by a physician to reduce blood clotting is coordinated with 
the patient’s medical physician or cardiovascular specialist. 
Bleeding may also be associated with hypertensive events, 
hepatic or renal failure, vomiting, straining, or alterations 
in the hematopoietic system. 

Hemostasis is essential. Bipolar electrocoagulation is 
used to control bleeding from smaller vessels and larger 
arterial vessels are securely ligated when interrupted. Drains 
are rarely used with local cutaneous flaps, with the excep- 
tion of extensive cervicofacial flaps or ear reconstruction. 


COMPLICATIONS LOCAL 


Ussige G3 CUTANEOUS FLAPS 
EE) Se ND GRAFTS 
Bleeding 
Infection 


Injury of adjacent anatomical structures 
Wound dehiscence 

Ischemia 

Abnormal scarring 

Trapdoor deformity 

Distortion of facial features and boundaries 


However, an appropriately sized drain is employed when 
a significant “potential space” is present or drainage is 
expected that cannot be controlled with a compression 
dressing. A compression dressing that conforms to the 
anatomical contour of the surgical site to facilitate adher- 
ence of the facial flap to the recipient site is typically left in 
place for 48 hours. The dressing consists of nonadherent 
gauze, cotton balls, and expandable mesh tape. Patients are 
instructed to keep their head elevated, especially at night, 
for the first 48 hours after surgery, and coughing and strain- 
ing are to be avoided whenever possible. 

Hematomas may cause compromise of local flap vas- 
cularity by inducing vasospasm, stretching the subdermal 
plexus, or separating the flap from the surface of the recipi- 
ent site (57-59). Furthermore, iron compounds in a hema- 
toma may promote free radical production leading to flap 
necrosis (60,61). Hematoma formation also predisposes to 
infection, which may compromise flap vascularity second- 
ary to inflammatory edema (62,63). 

If a hematoma occurs, patients usually complain of 
significant pain. The wound may appear mottled, pale, or 
bluish, and palpation of the skin in the area of the hema- 
toma usually reveals a tight, tense flap with oozing of 
blood from the suture lines. Small hematomas may some- 
times be aspirated through the suture line using a syringe 
attached to a large-bore needle. A compression dressing is 
then applied and the patient is reexamined in 24 hours. 
If the hematoma recurs, it may be necessary to return the 
patient to the operating room for thorough drainage and 
irrigation. In that setting, the wound is opened at a depen- 
dent portion, the hematoma is evacuated, bleeding vessels 
are controlled, and irrigation is performed. A compression 
dressing is reapplied with the patient being admitted or 
examined in clinic within 24 hours. 


Infection 
Fortunately, infection during facial surgery is reported to 
be as low at 2.8%, perhaps secondary to the rich vascularity 
of facial tissues (64-67). However, higher infection rates 
are associated with wounds that are repaired in a delayed 
fashion, as is often the case with facial flaps used to repair 
wounds created by Mohs surgery (66,68,69). Infection of 
a cutaneous flap is usually associated with distortion from 
inflammatory edema. Release of toxic substances and free 
radicals from inflammatory mediators leads to decreased 
collagen production and early degradation of suture mate- 
tials with potential wound dehiscence. Necrosis of all or 
part of the flap may develop with the final scar being wid- 
ened or thickened. Systemic dissemination of bacteria may 
occur if wound infections are not treated promptly (70,71). 
Antiseptic solutions for skin preparation, sterile tech- 
nique, proper scrubbing, and surgical attire are key ele- 
ments in helping prevent infection. Avoiding crushed, 
charred, or excessively thinned tissue is also impor- 
tant. Staphylococcus aureus is the most common single 
pathogen causing wound infections, but streptococci, 
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gram-negative bacteria, and oral anaerobes may also be 
isolated from infected wounds (68). Antibiotics are par- 
ticularly helpful when mucosal surfaces are incised, when 
cartilage grafting is performed, and during ear reconstruc- 
tion to help prevent perichondritis. They are also employed 
in patients with underlying medical conditions that may 
predispose to infection such as diabetes and immunosup- 
pression. In patients with open wounds greater than 3 days 
old, a 5-day course of oral cephalosporin is recommended 
prior to the surgical repair. This will decrease the bacterial 
colonization of the granulation tissue that may lead to 
graft or flap failure. 

If a wound infection does develop, Gram stain and cul- 
tures of any drainage from the wound are obtained. The 
patient is treated with an appropriate broad-spectrum anti- 
biotic until culture results and sensitivities are available. 
Any wound fluctuance is drained and the wound irrigated. 
The presence of excessive granulation tissue may require 
debridement to reduce the bacterial load. Topical antibi- 
otic preparations may also be employed, and superficial 
sutures are removed to eliminate foreign bodies in the 
wound (72). Open wounds are allowed to heal by second- 
ary intention. The resulting scar is addressed at a later time 
once the infection has been adequately treated and scar- 
ring has matured. 

It is important to remember that topical allergies to anti- 
biotic ointments and creams applied to the wound may be 
confused with wound infection. Topical allergic reactions 
manifest as erythema often with vesicle formation and exu- 
dates forming on all areas treated with the topical medica- 
tion. The offending agent should be discontinued and the 
wound cleaned with soap and water in order to remove all 
residual topical medication. 


Injury of Adjacent Anatomical Structures 

A thorough understanding and appreciation of facial anat- 
omy is a crucial prerequisite for performing facial recon- 
structive procedures, and general considerations related 
to protecting adjacent anatomical structures should be 
reviewed. 

Perhaps one of the most devastating complications 
associated with facial surgery is injury to the facial nerve 
or one of its branches. Although rare, extensive dissection 
in the preauricular area could lead to injury to the main 
branch of the facial nerve. More commonly, the marginal 
mandibular or temporal branches of the facial nerve are 
injured. Familiarity with cross-sectional anatomy of the 
temple and mandibular regions is essential prior to surgi- 
cal dissection in these areas. Sensory nerves are also sus- 
ceptible to injury during facial reconstructive procedures. 
Extensive undermining along the superior bony orbital rim 
may injure the supraorbital or supratrochlear nerves lead- 
ing to dysesthesias (73). Similarly, the deep branch of the 
supraorbital nerve runs within the galea aponeurotica and 
may be injured when undermining the frontalis muscle 
in the subgaleal plane. The great auricular nerve may be 
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injured during subcutaneous dissection, and this nerve is 
identified and preserved when dissecting skin away from 
its attachment to the superior aspect of the sternocleido- 
mastoid muscle. 

Avoiding injury to the nasal cartilaginous framework is 
important for maintaining nasal symmetry and function. 
Inadvertent injury to these structures may lead to obvi- 
ous nasal deformities including alar retraction, nasal valve 
collapse, and saddle nose deformity. Occasionally, preex- 
isting structural abnormalities of the nose are corrected 
during reconstructive surgery of the nose, when the expo- 
sure of the nasal framework is sufficient, allowing poten- 
tial improvement in aesthetic and functional outcomes. 
Preexisting weaknesses in the nasal structural support sys- 
tem may become more pronounced when cutaneous flaps 
are mobilized, especially when skin tension is increased 
across a weakened framework. 

Injury to eyelid structures may lead to devastating 
consequences, including lagophthalmos, lacrimal duct 
obstruction, visual field obstruction, and vision loss. Facial 
surgeons should be familiar with the cross-sectional anat- 
omy of the upper and lower eyelids, especially the connec- 
tive tissue supportive apparatus. Injury to these structures 
is best avoided, since treatment is extremely difficult if scar- 
ring has occurred (70). 


Wound Dehiscence 

Wound dehiscence may develop secondary to infection, 
hematoma, or skin necrosis. In addition, dynamic motion 
or trauma to wounds may also lead to wound separation. 
Typically, wounds have 3% to 5% of normal skin tensile 
strength at 2 weeks after surgery, emphasizing the need for 
subcutaneous sutures. At 1 month, only 35% of the maxi- 
mum wound tensile strength has been gained. However, 
at this point, the wound is usually able to withstand the 
forces of normal physical activity. Over the succeeding 
months, wound tensile strength increases to 80% of the 
strength of normal tissue. Wound separations that have 
been present for greater than 24 hours are best left to heal 
by secondary intention with scar revision reserved for the 
future if necessary (71,74). 


Ischemia 
Appropriate flap design is essential to ensure sufficient 
perfusion pressure of the entire flap (75). Random-pattern 
flaps require an intact subdermal plexus, and dissection is 
performed in the appropriate subcutaneous tissue plane 
since superficial dissection may lead to compromise of 
the flap’s vascularity. Random-pattern flaps have a critical 
length beyond which the perfusion of the distal flap does 
not occur. Although increasing the width of a flap’s pedicle 
potentially increases the number of vessels contained in 
the subdermal plexus of the flap, it does not increase the 
perfusion pressure to the distal portion of the flap. 

Design of axial pattern flaps requires a thorough knowl- 
edge of the location and orientation of the arterial vessels 
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supplying the skin in order to properly align the flap with the 
axis of the artery and to avoid inadvertent injury to the flap’s 
blood supply. Increasing the width of the pedicle of axial flaps 
does not necessarily improve perfusion (76,77). Often, it is 
more advantageous to raise a thicker flap that contains deeper 
subcutaneous vessels than design the flap with a wider base. 

Ischemia is defined as vascular perfusion insufficient to 
provide the required oxygenation of tissue (72). Cutaneous 
flaps are more vulnerable to tissue ischemia than wounds 
closed primarily given that the vascularity is isolated to the 
pedicle of the flap used for repair of the wound (78). This 
is especially true in the distal portion of the flap (28,79). 
Dissection of flaps causes release of catecholamines from 
severed sympathetic nerves, thromboxane A from plate- 
let microthrombi, and oxygen free radicals. All of these 
substances cause vasoconstriction that can enhance tissue 
ischemia (80,81). Excessive flap thinning, electrocautery, 
crush injury, and wound closure tension may worsen flap 
ischemia. Infection is treated expeditiously since edema 
from inflammation may decrease tissue perfusion. When 
flap ischemia is evident, local wound factors and factors 
related to the patient are assessed and medical conditions 
optimized as discussed previously. In such situations, use 
of nicotine by the patient must be avoided. 

Arterial insufficiency of a flap may be caused by kink- 
ing of the flap’s pedicle, an excessively tight compression 
dressing or excessive wound closure tension. If these caus- 
ative factors are corrected early in the postoperative period, 
the ischemia is usually reversible. In the case of excessive 
wound closure tension, sutures may be removed and/or 
the flap may be returned to its donor site, thereby delay- 
ing the flap that may improve blood supply to allow later 
transfer of the flap to the recipient site. When ischemia 
causes epidermolysis or skin necrosis, the tissue is allowed 
to demarcate since the more proximal portion of the flap 
is usually viable. Patients are instructed to keep the wound 
moist with petroleum- or water-based antibiotic ointment 
while the wound is allowed to heal by secondary intention. 
Frequent follow-up examination is essential for maintain- 
ing appropriate wound care, including wound debride- 
ment, and for providing reassurance to the patient. 


Abnormal Scarring 

Patients with darker skin and those with a family history of 
excessive scarring are prone to the development of hyper- 
trophic scars and keloids following surgery. Intralesional 
triamcinolone acetonide is often helpful in reducing the 
volume of scar tissue within a hypertrophic or keloid scar. 
Injections are used to soften firm scars, lower raised keloids, 
and prevent their recurrence. Steroids decrease fibroblast 
proliferation, reduce blood vessel formation, and interfere 
with fibrosis by inhibiting extracellular matrix protein gene 
expression. Excessive steroid injection of scars may lead to 
skin atrophy, hypopigmentation, and telangiectasias. If the 
scar is responsive to the injections, surgical excision may be 
performed following a preoperative injection 1 week prior 


to surgery. Several injections are usually required postop- 
eratively after excision for an indeterminate time interval. 

Scars continue to change and improve during the 
remodeling phase of wound healing. Younger patients 
may have an exaggerated and prolonged healing reaction 
with increased scar erythema and hypertrophy, so scar revi- 
sions in children should be delayed as long as feasible. 
Immature scars tend to be erythematous, which will usu- 
ally fade over time. Wounds subjected to excessive wound 
closure tension may result in scars that are hypopigmented 
and often hypertrophied. Incisions made in thick skin, 
especially if there is sebaceous gland hypertrophy, may 
heal with depressed or widened scars. Scar hyperpigmenta- 
tion may be seen in patients who tan easily, particularly 
if the patient is exposed to excessive sun exposure during 
the immediate postoperative period. Hyperpigmentation 
improves over time and with sun avoidance. Use of topical 
hydroquinone gel with or without the administration of 
an anti-inflammatory drug may be helpful in preventing 
permanent discoloration of the scar (70). 


Trapdoor Deformity 
Trapdoor deformity may result from persistent edema and 
poor lymphatic drainage of flaps with curvilinear borders 
since the scar around the border of the flap contracts in a 
concentric fashion (82-84). Bilobed flaps of the nasal skin 
are particularly susceptible to trapdoor deformity because 
of the two circular lobes used for construction of the flap, 
especially when the nasal skin is thick and has sebaceous 
gland hypertrophy. Patient selection, proper flap design, and 
adequate tissue undermining reduce the incidence of trap- 
door deformity. Presumably wide undermining reduces scar 
contractile vectors toward the center of the flap by enlarging 
the area of the underlying sheet of scar (82-84). Flaps that 
are superiorly based are more prone to develop trapdoor 
deformity than inferiorly based flaps, likely because lym- 
phatic channels of the face drain in an inferior direction. 
Trapdoor deformity usually improves with time. Steroid 
injections into the subcutaneous tissue plane beneath the 
flap may be performed using triamcinolone acetonide 
(10 mg/mL). If time and steroid injections are not success- 
ful, contouring of the flap with or without scar revision is 
necessary. This involves debulking of subcutaneous fat and 
scar tissue beneath the flap and redraping the skin. Excess 
skin is trimmed as indicated, and Z-plasties performed 
along the incision may be helpful in preventing recurrence. 


Distortion of Facial Features and Boundaries 

Scar contracture and excessive wound closure tension may 
lead to poor aesthetic and functional outcomes, especially 
in regions of the face with mobile facial structures such 
as the eyelids, lips, and nasal alae. This is especially prob- 
lematic in the periocular and oral area where inadequate 
lip or eyelid closure leads to problems with eating, pho- 
nation, excessive tearing, and dry eye symptoms. Cervical 
facial flaps used to repair cutaneous defects near the lower 
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eyelids should be secured to the periosteum of the maxilla 
or nasal bones using a tacking suture in order to help pre- 
vent eyelid retraction secondary to excessive wound closure 
tension. A temporary Frost suture may also be used to limit 
the downward pull of the flap on the eyelid skin. 

Flaps used for repair of the nose are designed suffi- 
ciently large to avoid alar retraction. For defects adjacent 
to the alar rim, cartilage grafting can be employed to pro- 
vide a strut against the contractive forces of wound healing. 
The lip is also vulnerable to distortion by scars because of 
the mobile nature of the lips and the discreet borderline 
between the skin and vermilion. During healing, vertically 
oriented scars of the upper lip require only minimal con- 
traction to cause notching or distortion of the vermiliocu- 
taneous border. Such distortion is quite noticeable to the 
observer particularly when the vermilion is well developed. 
In addition to limiting wound closure tension as much as 
possible, precise alignment of the opposing edges of the lip 
wound in the vicinity of the vermiliocutaneous borders is 
extremely important when repairing lacerations or cutane- 
ous defects of the lip. 

Standing cutaneous deformities result from transfer 
of cutaneous tissue with unequal wound borders. In the 
majority of cases, these deformities may be safely excised at 
the time of wound repair. Swelling may prevent an accurate 
estimate of the size of the deformity and lead to a persis- 
tent standing cutaneous deformity. 

It is important to respect the borders of facial aesthetic 
regions and units when designing cutaneous flaps in order 
to avoid unsightly scars. This is particularly true of the alar 
facial sulcus, which is an important boundary between the 
aesthetic regions of the nose, cheek, and upper lip. Larger 
defects of the ala are best reconstructed with interpolated 
cheek flaps that cross over the alar facial sulcus rather than 
using transposition or advancement cheek flaps that would 
obliterate this aesthetic boundary line. Cutaneous defects 
that extend from the nose to the medial cheek or to the upper 
lip are best repaired using separate flaps for each aesthetic 
region. This approach positions the borders of the flaps in 
aesthetic boundary lines that help camouflage scars and pre- 
serve the concave topography of the alar facial sulcus (70). 


m Skin is characterized as being directional or aniso- 
tropic, with a nonlinear stress-strain relationship. 

= Delay of a cutaneous flap is thought to improve sur- 
vival and is particularly helpful in patients with a 
history of radiation or tobacco smoking. 

m Analysis of a facial defect includes determining the 
depth, size, and location of the wound. In addition, 
the color, texture, laxity, and thickness of adjacent 
skin should be assessed. 


2822 


m Facial cutaneous flaps can be classified based on (a) 
location, (b) vascular supply, and/or (c) flap design 
and method of tissue movement. 

m Examples of pivotal flaps include rotation, transpo- 
sition, and interpolation flaps, and longer flaps may 
be required to account for loss of effective length 
with greater degrees of pivotal movement. 

m= Advancement flaps are most successful in areas of 
greatest tissue laxity and extensibility. 

m Full-thickness cutaneous grafts have the advantage 
over split-thickness grafts of better color and texture 
match, less contour irregularities, little need for spe- 
cial equipment, and easier donor site wound care. 

= Composite grafts contain two or more tissue layers 
and often are unsuccessful secondary to high meta- 
bolic demands. 

m= Complications of facial cutaneous flaps and grafts 
include bleeding, infection, injury of adjacent ana- 
tomical structures, wound dehiscence, ischemia, 
abnormal scarring, trapdoor deformity, and distor- 
tion of facial features and boundaries. 
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an overview. 


Reconstructive 
Microsurgery of the Head 


and Neck 


Douglas B. Chepeha 


Microvascular free tissue transfer was introduced as a 
technique that enabled reconstruction of defects that could 
not otherwise be reconstructed. The viability of autog- 
enous transplants and the long operating time were ini- 
tial concerns. During the 1980s, use of regional pedicled 
flaps (pectoralis, trapezius, latissimus dorsi) overshadowed 
microvascular free tissue transfer. Regional flaps were tech- 
nically much easier, required only one surgical team, and 
supplied nonirradiated tissue. Microvascular reconstruc- 
tion continued to evolve. More donor sites were described 
each year, and the versatility of each site was explored and 
expanded. More surgeons were trained in microvascular 
techniques, and these surgeons became increasingly adept. 
As the practice of reconstructive microsurgery became 
more common, the success rate improved (95% to 98%), 
and the operative time decreased (1,2). 

Controversy still exists about whether microvascular 
reconstruction is functionally superior to pedicled recon- 
struction of comparable defects. Intuition suggests that 
revascularized free tissue transfer is functionally superior 
because it allows the reconstructive surgeon to customize 
reconstruction of defects of the head and neck. Autogenous 
transplants can be designed to provide epithelium, subcu- 
taneous tissue, muscle, nerve, and bone in proportions that 
closely resemble the missing tissue. 

If autogenous transplantation is functionally superior, 
is it cost-effective? Several studies have suggested that use 
of pectoralis flaps is associated with longer hospital stays 
and higher complication rates than free tissue transfer in 
comparable primary reconstructions (3-5). This suggests 
that the costs of longer operating times associated with free 
autogenous transplantation may be offset by the longer 
hospitalizations associated with pedicled transfer. 

The drive for reconstructive surgeons to provide the best 
functional and aesthetic reconstruction for their patients 
made autogenous transplantation the mainstay of head 
and neck reconstruction in the 1990s. In the last 10 years, 
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more donor sites are used, more transfers are performed, 
perforator-based chimeric elevations are increasing recon- 
structive options, indications have broadened, and oper- 
ating time has been reduced (6). More research is being 
conducted to establish the value and exact place of these 
sophisticated reconstructive techniques in the various 
defects encountered in the head and neck. 

This chapter is divided into two sections. The first section 
is an introduction to free tissue transfers commonly used in 
head and neck reconstruction (Table 174.1). Each flap is 
described in terms of design and use, anatomic character- 
istics, anatomic variations, potential morbidity, technical 
considerations, preoperative considerations, and postop- 
erative management. The second section is an introduction 
to commonly encountered defects of the head and neck. 


Radial Forearm Donor Site 


Description 

The radial forearm is a fasciocutaneous donor site com- 
prised of thin skin and subcutaneous tissue based on the 
radial artery and its venae comitantes and the cephalic vein 
(Fig. 174.1). This site can be transferred as a composite 
transplant that contains vascularized bone, vascularized 
tendon, the brachioradialis muscle, and vascularized nerve. 
The skin of the entire forearm, from the antecubital fossa 
to the flexor crease of the wrist, can be transferred. The vas- 
cular pedicle can be as long as 20 cm, and the artery is 2 
to 2.5 mm in diameter. The radial forearm donor site con- 
tains axial nerve supply useful for sensory reinnervation. 
It can be used to reconstruct small (less than 60 cm) to 
moderate surface area (less than 200 cm’) defects and is a 
low-volume donor site. The tissue for this donor site can be 
folded to facilitate sophisticated reconstructions. Because 
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TABLE 


174.1 


Flap Quality Advantages Disadvantages 
Radial forearm Thin, pliable Versatility, ease Limited bulk, skin graft donor site 
Lateral arm Moderately thin Primary closure of donor site Small-caliber pedicle 
Lateral thigh Moderately thick Large surface area of tissue, long pedicle Challenging harvest 
Anterolateral thigh Thin, pliable Long pedicle, large cutaneous compo- Variable anatomy 

nent, chimeric options 
Temporoparietal Ultrathin Can be transferred as pedicle flap Challenging harvest, limited pedicle 

length, scalp skin is stiff 

Rectus Bulky Versatility, ease of harvest, chimeric Risk of ventral hernia 

options 
Latissimus dorsi Moderate bulk Large surface area, ease of harvest Lateral decubitus position 
Gracilis Thin muscle Can be separated into functional units Limited tissue available 


of the increasing use of the anterolateral thigh donor site 
for larger defects, the radial forearm donor site is most 
commonly used for the reconstruction of smaller defects 
of the oral cavity (including central hard palate, base of 
the tongue, soft palate) and partial and circumferential 


Cephalic vy, Lateral antebrachial cutaneous n. 
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Pronator 
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reconstruction of the pharynx. It also can be used to man- 
age cutaneous defects of the eye, lip, neck, and scalp. When 
elevated as a fascial paddle (no cutaneous component), the 
radial forearm donor site can be used to manage soft tissue 
defects and defects of the base of the skull particularly for 


Lateral antebrachial 
cutaneous n. 
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we, 
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Figure 174.1 Lateral view shows left lateral forearm. The flap axis is slightly medial to the 
radial artery, and the flap is positioned to include the cephalic vein over the extensor compartment. 
Nutrient branches to the radius are immediately deep to the brachioradialis tendon. The superficial 


branch of the radial nerve is preserved in dissection 


of this flap. 
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a previously treated patient when local pericranial flaps 
are not available (7). When this donor site is elevated as 
an osteocutaneous flap, a segment of radius 10 to 12 cm 
long and as much as 40% of its circumference can be har- 
vested with overlying fascia and skin (8). In the past, this 
donor site was useful for reconstruction of small-volume 
bone and soft tissue defects of the face, such as the peri- 
orbital tissues, particularly if the patient has undergone or 
is to undergo radiation therapy (9), but the thoracodorsal 
artery scapular tip (TDAST) has nearly replaced the use of 
the radial forearm donor site for patients with these mid 
and upper craniofacial defects. Another use of vascular- 
ized radial bone is for the prevention of plate exposure 
for patients who have undergone lateral mandibular resec- 
tions and have low to moderate loading of the mandible 
(8). The disadvantage of the radial osteocutaneous trans- 
plant is the limited amount of donor bone and the risk of 
pathologic fracture of the radius. 


Neurovascular Pedicle 

The radial artery, with its two venae comitantes, courses in the 
lateral intermuscular septum and has several fascial branches 
in the forearm (10). This fascial plexus supplies most of the 
skin in the forearm. The length of the arterial pedicle is lim- 
ited by the radial recurrent artery, which is the first major 
branch of the radial artery after its takeoff from the brachial 
artery. The site has a deep venous drainage through the 
paired venae comitantes and the larger superficial veins, such 
as the cephalic vein. Numerous connections exist between 
the venae comitantes and the superficial venous system; 
these vessels provide excellent venous drainage of this donor 
site. If necessary, and if proper testing of the venous drain- 
age of this donor site is conducted after elevation, it usually 
is possible to drain the flap through the superficial system 
alone. It is nearly always possible to drain this donor site 
through the venae comitantes alone. The lateral antebrachial 
cutaneous nerve is the primary sensory nerve to the territory 
of forearm skin most commonly harvested. This nerve typi- 
cally courses close to the cephalic vein in the upper forearm. 
When sensory reinnervation is needed, this nerve can be eas- 
ily anastomosed to a recipient sensory nerve. 


Anatomic Variations 

The greatest concern during harvest of the radial forearm 
donor site is the integrity of the ulnar arterial supply to the 
hand through the palmar arches. The combination of two 
concurrent arterial variations, an incomplete superficial pal- 
mar arch and a lack of communication between the super- 
ficial and deep palmar arches, puts the vascular supply of 
the thumb and index finger in jeopardy (11). This anomaly 
can be detected with an Allen test. This test involves assess- 
ment of capillary refill of the thumb and index finger with 
the radial artery occluded. The patient is asked to clench his 
or her fist. The examiner uses digital pressure to occlude the 
radial and ulnar arteries at the wrist. The patient opens the 
hand to approximately 10 degrees of flexion, the examiner 
releases the ulnar artery, and capillary refill is assessed. If 
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there is uncertainty about digital blood flow during capillary 
refill assessment, Doppler assessment of the digital artery is 
performed to the thumb, and the results are definitive. 


Potential Morbidity 

Often the donor site cannot be closed primarily, and a skin 
graft is necessary, which can be unsightly. Poor take of the 
skin graft can be caused by inadequate immobilization of 
the hand or failure to preserve the paratenon over the flexor 
tendons. Radial osteocutaneous flaps are limited by risk of 
fracture of the radius and a detrimental effect on supina- 
tion, wrist flexion, grip strength, and pinch strength (12). A 
plate can be applied to the radius bone to reduce the likeli- 
hood of radial fracture for osseocutaneous elevations (13). 


Technical Considerations 

The design of a radial forearm skin paddle begins with an 
outline of the path of the dominant subcutaneous veins 
and the palpable pulse of the radial artery. The skin pad- 
dle is oriented over the radial artery and cephalic vein. It 
is preferable not to perform the elevation over the ulnar 
artery. Additional subcutaneous tissue can be incorporated 
when needed, from the brachial fat pad, to increase the 
volume of the transplant. During harvest, the paratenon 
over the flexor tendons is preserved to facilitate skin graft 
healing. If necessary, the flexor tendons can be covered 
with turnover muscle flaps to improve the donor-site bed 
for skin grafting. 


Preoperative Considerations 

Accurate performance of an Allen test is the most impor- 
tant consideration in avoiding ischemia of the hand. When 
the Allen test results are equivocal, the opposite hand or an 
alternative donor site should be selected. 


Postoperative Management 

The forearm donor site and wrist are immobilized with 
a volar splint with the wrist in the position of function 
for 6 to 7 days. Then a removable volar plastic splint is 
used for an additional 3 to 5 weeks until the skin graft is 
healed over the donor site. After an osseocutaneous flap, 
the elbow and wrist are immobilized with a full arm cast 
with the hand in the position of function. This cast is left 
on for 4 weeks, then the wrist is immobilized with a fore- 
arm cast, and this is left on for an additional 2 weeks. The 
patient is encouraged to use the arm throughout the cast- 
ing period. The underlying philosophy is to allow time for 
reshaping of the load lines in the radial bone. Any limb 
with circumferential dressing needs to be closely observed 
in the immediate postoperative period for signs of vascular 
insufficiency. 


Lateral Arm Donor Site 


Description 
The lateral arm is a fasciocutaneous donor site that is usu- 
ally thicker than the radial forearm donor site, the vascular 
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pedicle is based on the posterior radial collateral artery and 
its venae comitantes, and it can be reinnervated for cuta- 
neous sensation with the posterior cutaneous nerve of the 
arm (14). The donor site usually can be closed primarily 
when the width of harvested skin is limited to 6 to 8 cm, 
or one-third the circumference of the arm. Larger skin 
paddles can be harvested, but a skin graft will be required 
over the donor site. The donor site can be harvested as a 
fascial flap and is a good source of vascularized tissue for 
augmentation of subcutaneous defects caused by lateral 
temporal bone resection or total parotidectomy (15). The 
donor site can include the posterior cutaneous nerve of the 
forearm for use as a vascularized nerve graft, but more fre- 
quently the nerve is dissected out of the skin paddle and 
used as a free nerve graft because it may not be possible 
to properly orient the nerve and vascular pedicle when 
insetting. The clinical usage of the lateral arm donor site 
is affected by the body mass index (BMI) of the patient. In 
patients with a lower BMI, the lateral arm can be used for 
low-volume oral cavity, low-volume oropharyngeal, and 
low-volume cutaneous defects particularly when slightly 
more volume is required than the forearm donor site can 
provide. In patients with higher BMI, the lateral arm donor 
site can be used for higher-volume base of tongue, lateral 
oropharynx including the parapharyngeal space, anterior 
oral glossectomy, lateral temporal bone, and parotid and 
midfacial defects (16). The thickness of the skin paddle 
can be varied with placement because the skin over the 
lateral epicondyle is much thinner than the skin over the 
lower and mid upper arm. When estimating volume, it is 
important to remember that the subcutaneous tissue over 
the deltoid is more prone to long-term atrophy than the 
subcutaneous tissue over the mid lateral arm. Many of the 
applications of the lateral arm flap have been supplanted 
by the perforator-based anterolateral thigh donor site due 
to its larger, longer pedicle and ease of primary closure. 


Neurovascular Pedicle 

The vascular supply of the lateral arm skin paddle is based 
on the terminal branch of the profunda brachii artery and 
the posterior radial collateral artery and its venae comi- 
tantes. The blood supply to the skin is derived from four 
to five septocutaneous perforators that arise from the pos- 
terior radial collateral artery in the lateral intermuscular 
septum. In the region of the deltoid insertion, where the 
posterior radial collateral artery enters the lateral inter- 
muscular septum, the artery has an average diameter of 
1.55 mm (range, 1.25 to 1.75 mm) and a maximum ped- 
icle length with additional dissection of 8 to 10 cm (17). 
Additional pedicle length and caliber can be obtained by 
means of extending the dissection proximally between the 
lateral and long heads of the triceps muscle. The muscular 
branches from the radial nerve to the triceps muscle must 
be identified and preserved when this approach is used. In 
practice, it is difficult to obtain more than 4 cm of pedicle 
length by using this proximal dissection technique without 
detaching a large amount of triceps and dividing the motor 
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branches to the triceps muscle. To accommodate the fairly 
short pedicle, the skin paddle can be moved to a more 
distal location over the lateral epicondyle. This maneu- 
ver results in a thinner skin paddle. A second superficial 
venous system incorporates the cephalic vein, but is rarely 
used in practice. Two sensory nerves are encountered dur- 
ing elevation of the skin paddle; each arises from the proxi- 
mal portion of the radial nerve. The nomenclature of these 
sensory nerves is confusing. The nerve that supplies sensa- 
tion to the skin paddle is the posterior cutaneous nerve of 
the arm (also called the lower lateral cutaneous nerve of the 
arm and the inferior lateral brachial cutaneous nerve). The 
posterior cutaneous nerve of the forearm (also called 
the posterior antebrachial cutaneous nerve) runs through 
the lateral arm flap to the forearm and can be used as a vas- 
cularized nerve graft. Harvest of the skin paddle results in a 
variable area of cutaneous anesthesia over the mid extensor 
surface of the forearm. 


Anatomic Variations 

Unlike the radial forearm donor site, the lateral arm eleva- 
tion does not affect the circulation to the distal portion of 
the arm. The profunda brachii artery can be interrupted 
without ischemic sequelae. The incidence of duplication of 
the profunda brachii artery ranges from 4% to 12% in dif- 
ferent series. 


Potential Morbidity 

The radial nerve, which lies in the spiral groove of the 
humerus, is identified and protected from injury during flap 
harvest. Postoperative radial nerve palsy has been attributed 
to constrictive dressings or tight wound closure. Use of split- 
thickness skin grafts is preferable to tight primary closure. 


Technical Considerations 

The lateral intermuscular septum is approximately 1 cm 
posterior to a line drawn from the insertion of the deltoid 
muscle and the lateral epicondyle. The central axis of 
the skin paddle is based on the intermuscular septum 
(Fig. 174.2). Closure of the donor site is important for 
reestablishing coverage of the radial nerve and reattach- 
ment of the insertion of the brachialis and brachioradialis 
muscles. The brachialis muscle is reapproximated to the 
triceps muscle so that 1 cm of muscle provides coverage 
of the radial nerve. In addition, the brachioradialis muscle 
needs to be sutured to the distal triceps muscle, and this is 
accomplished with the elbow in flexion. Recipient vessel 
planning is important because of the relatively short pedi- 
cle and the small caliber of the donor vessels. For patients 
undergoing lateral parotid and temporal reconstructions, 
preservation of the occipital artery as it crosses the inter- 
nal jugular vein makes recipient vascular access relatively 
easier. 


Preoperative Considerations 
The thickness of the flap is assessed by means of palpa- 
tion. The soft tissue of the donor site thins and becomes 
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Figure 174.2 A: The flap is marked over the lateral epicondyle and 1 cm dorsal to a line drawn 
from the tip of the deltoid muscle to the lateral epicondyle. This position maximizes pedicle length 
and centers the flap over the lateral intermuscular septum. B: Cross section shows upper arm at the 
level shown in (A). The lateral arm flap is elevated but still attached by the intermuscular septum 
to the humerus. At this level the posterior cutaneous nerve of the arm is in the subcutaneous fat, 
whereas the posterior cutaneous nerve of the forearm still is in the intermuscular septum. C: Lateral 
view shows lateral arm flap with the pedicle still in continuity. The radial nerve crosses the humerus 
and enters the cleft between the brachialis and the brachioradialis muscles. 


more pliable when it is positioned more distally on the 
upper arm. In general, one-third of the circumference of 
the upper arm can be harvested. Primary closure can be 
assessed using a pinch test. It is best to have recipient ves- 
sels from a previously undissected neck. 


Postoperative Management 

A suction drain is recommended. If a skin graft is used, a 
volar slab is fashioned, the elbow is placed in flexion, and 
the donor site is managed in a manner similar to the radial 
forearm donor site. 


Lateral Thigh 


Description 

The lateral thigh donor site was popularized by Hayden (18), 
who found it useful for pharyngeal reconstruction. For 
selected patients with favorable body habitus, this donor 
site provides a large surface area of tissue with an ade- 
quate vascular pedicle. Skin paddles as large as 25 x 14 cm 


have been transferred successfully (19). This fasciocu- 
taneous donor site ranges from thin to moderately thick 
depending on the patient's body habitus. Sensory reinner- 
vation is possible with the lateral femoral cutaneous nerve. 
Elevation of this donor site is technically challenging and 
has been supplanted by the anterolateral thigh donor site, 
which is technically easier to harvest and has a long vascu- 
lar pedicle. 


Anterolateral Thigh 


Description 

The anterolateral thigh donor site is a septocutaneous or 
musculocutaneous flap based on the descending branch 
of the lateral circumflex femoral artery and associated 
venae comitantes. The elevation can be designed to include 
any of the structures supplied by the common pedicle of 
the lateral femoral circumflex vessels, which can include 
the tensor fascia lata, the vastus lateralis, and/or the 
rectus femoris. The skin paddle can be harvested as large as 


Chapter 174: Reconstructive Microsurgery of the Head and Neck 


20 x 15 cm. The skin of the anterolateral thigh is thin and 
pliable in most males, whereas in females, this flap can be 
thicker depending on the pattern of fat deposition. The 
anterolateral thigh donor site has become one of the work- 
horse donor sites for soft tissue reconstruction in the head 
and neck. It has many of the same characteristics as a radial 
forearm donor site, such as thin pliable skin and a long 
vascular pedicle. The anterolateral donor site is a source for 
larger skin paddles and more subcutaneous tissue than a 
radial forearm donor site and, as a result, has been nick- 
named its “big brother.” The nerves for sensation are the 
anterior femoral cutaneous and the lateral femoral cutane- 
ous and do not run axially with the pedicle. The applica- 
tions for this flap include face, neck, full-thickness buccal, 
hemiglossectomy, subtotal glossectomy, oropharynx, total 
pharyngeal, and skull base defects (20,21). The donor site is 
closed primarily when the skin paddle is less than 9 cm in 
width. The disadvantage is the variable location of the ped- 
icle and the perforators. To overcome this disadvantage and 
as familiarity with this donor site has increased, more of 
the elevations are designed around a perforator. The domi- 
nant perforator is identified and is dissected retrograde to 
the lateral circumflex femoral artery. This approach has sev- 
eral advantages: The elevated tissue can easily be centered 
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on the dominant perforator, the underlying muscle is pre- 
served, and the volume of the donor site can be controlled 
because the surgeon can choose to elevate muscle indepen- 
dent of the variation of the vascular pedicle. 


Neurovascular Pedicle 

The perforators from the pedicle are located on a line 
drawn from the anterior superior iliac spine to the lateral 
edge of the patella and are usually between the midpoint 
and the junction of the upper and middle thirds of the 
line. A Doppler probe is used to locate the perforators. 


Anatomic Variations 

There are four patterns of vascular supply to the skin 
paddle (22). There are two musculocutaneous types, the 
vertical musculocutaneous (50%) and the horizontal mus- 
culocutaneous (30%), and two septocutaneous types, the 
vertical septocutaneous (15%) and the horizontal septocu- 
taneous (5%) (Fig. 174.3A and B). 


Potential Morbidity 

There is little morbidity reported even with harvest of 
large portions of the vastus lateralis. The vastus late- 
ralis is a stabilizer of the rectus femoris (23). With more 
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Figure 174.3 A: Type | vertical musculocutaneous perforator, which is the most common variant. 


B: Type III septocutaneous perforator. 
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long-term follow-up, morbidity will become better defined. 
Fortunately, most elevations are performed based on the 
perforator that spares the muscle and the nerve to the 
vastus lateralis, which is closely associated with vascular 
pedicle. 


Technical Considerations 

The location of the perforator is determined with a 
Doppler prior to elevation. Perforator-based elevation is 
accomplished by performing a suprafascial dissection until 
a perforator is located coursing through the fascia. Once 
located, the perforator is dissected proximally through 
the muscle or anterior to the muscle depending of the 
vascular variation that is encountered. The first incision 
is the medial incision over the rectus femoris. The paddle 
is elevated from medial to lateral until the perforator is 
identified. Once the perforator is identified, the dissec- 
tion is carried along the perforator from lateral to medial. 
Multiple skin paddles and slips of muscle can be harvested 
based on the perforators that are present. Once the pedicle 
is defined, the lateral skin incision can be made to com- 
plete the elevation. 


Preoperative Considerations 

A history of vasculopathy with bypass grafts is a contrain- 
dication. For some reconstructions a larger muscle compo- 
nent may not be desirable. There is great variation of the 
thickness of the donor site between individuals, so skin 
paddle thickness needs to be assessed to be sure that it is 
appropriate for the recipient site. 


Postoperative Management 

The site can usually be closed primarily after the muscles 
have been approximated over a suction drain. Little reha- 
bilitation is needed other than ambulation. 


Temporoparietal 


Description 

In head and neck reconstruction, the fascia is most com- 
monly transferred as a pedicled flap, but it also can be 
used as an autogenous transplant when the arc of rotation 
is inadequate. The donor site can be transferred indepen- 
dently or in combination with skin. The temporopari- 
etal fascial skin can be harvested with dimensions of 
17 x 14 cm with extensive scalp undermining. When skin is 
included, the thickness of the flap ranges from 2 to 4 mm. 
It is very uncommon to elevate this donor site with overly- 
ing skin except for reconstruction of the upper lip when 
hair is desired. As an autogenous fascial transplant, this 
donor site has highly specialized uses for hemilaryngeal 
reconstruction, or a low-volume cutaneous reconstruction 
when the forearm donor sites are not available. Most often 
it is used as a rotational flap in the midface, upper face, 
skull base, or lateral temporal bone to cover bone, support 
dural closure, or support calvarial bone grafts. 
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Neurovascular Pedicle 

The temporoparietal scalp consists of five distinct layers 
(Fig. 174.4A). The temporoparietal fascia is deep to the 
skin and subcutaneous tissue, to which it is firmly bound. 
The temporoparietal fascia is superficial to the tempora- 
lis muscular fascia, which envelops the muscle. Above the 
superior temporal line, the temporoparietal fascia becomes 
the galea aponeurotica (24). The superficial temporal 
artery and vein, which supply this fascia and travel within 
the temporoparietal fascial layer, are best isolated approxi- 
mately 3 cm superior to the root of the helix, where the 
vessels branch into frontal and parietal divisions. The flap 
is most commonly based on the parietal branch. The base 
is centered over the middle third of the superior auricular 
helix. The deep temporal artery arises from the proximal 
superficial temporal artery at the level of the zygomatic 
arch and supplies the temporalis muscular fascia. If the 
deep temporal artery is included, a two-paddled design can 
be raised on a single vascular pedicle (Fig. 174.4B). 


Anatomic Variations 

The superficial temporal artery consistently divides into 
two branches 3 cm above the root of the helix. Tracing 
the course of the posterior parietal branch with Doppler 
sonography helps center the fascial paddle and ensures 
that the planned territory of the temporoparietal fascial 
flap is well vascularized. 


Potential Morbidity 

The anterior dissection of the fascial paddle is limited by 
the course of the frontal branch of the facial nerve, which 
also is in the temporoparietal fascia. Secondary alopecia 
can be caused by injury to the hair follicles due to dissec- 
tion that is too superficial. The venous pedicle can course 
with the artery or can course 2 to 3 cm posteriorly. Both 
the artery and vein must be included within the confines 
of the flap. 


Technical Considerations 

The superficial aspect of the fascia must be dissected first 
in a plane just below the hair follicles. The deep side of the 
donor-site elevation is a layer of loose areolar tissue that 
separates the temporoparietal fascia from the temporalis 
muscular fascia. The caudal extension of the pedicle dis- 
section is limited by the location of the main trunk of the 
facial nerve. 


Preoperative Considerations 

Prior neck or parotid surgery, previous bicoronal incision, 
and external carotid embolization are relative contraindica- 
tions to use of a temporoparietal fascial flap. Preoperative 
Doppler assessment of the patency and location of the 
pedicle is necessary. 


Postoperative Management 
The site can be primarily closed over suction drainage. 
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Figure 174.4 A: Cross section shows layers of the temporal scalp, superficial temporal 
space, and temporal skull. The superficial side of the temporoparietal facial flap is intimately 
associated with the subcutaneous fat of the scalp. The superficial dissection is started infe- 
riorly just below the level of the hair follicles. As it proceeds superiorly, dissection becomes 
more difficult. Arrow denotes the deep side of the temporoparietal flap. B: Lateral view 
of the head with the temporoparietal flap folded inferiorly shows the vascular anatomic 
features. Dissection of the deep layer of the flap is in loose areolar tissue and is much more 
straightforward than is superficial dissection. Superficial dissection is completed before 


deep dissection. 


MUSCLE AND MUSCULOCUTANEOUS 
AUTOGENOUS TRANSPLANTS 


Rectus Abdominis 


Description 

The rectus abdominis donor site is relatively easy to har- 
vest, has a long vascular pedicle, and is extremely reliable. 
The area of skin that can be harvested with a single rectus 
muscle encompasses a substantial portion of the abdomen 
and lower chest. Options for harvest can vary widely that 
include the entire muscle all the way to a cutaneous eleva- 
tion that spares the muscle and is based on one to three per- 
forators. This donor site was the most popular site for the 
reconstruction of most moderate- to high-volume head and 
neck defects. Its use is being replaced by the anterolateral 
thigh donor site except for the very large-volume defects or 
when the BMI of the patient is very low, and this is one of 
the remaining sites where there is ample subcutaneous fat. 
For many surgeons, this donor site is used to reconstruct 
high-volume defects such as total glossectomy defects, skull 


base defects, and large cutaneous defects. At present, this 
donor site is one of the best alternatives for total glossec- 
tomy defects, and for patients with favorable anatomy, the 
rectus fascia can be sutured to the mandible to maintain the 
tongue mound in a position to obliterate the oral cavity. 
The rectus fascia can also be used to suspend the larynx to 
the mandible. For patients with very low BMI and very little 
subcutaneous fat, the rectus abdominis donor site can be 
used to manage moderate-volume defects such as hemiglos- 
sectomy and lateral temporal defects. For hemiglossectomy 
defects where the management of the reconstructed volume 
is critical to long-term function, a perforator-based rectus 
elevation may be preferable. The exclusion of the muscle 
facilitates better control of the volume of the reconstructed 
defect because muscle, which eventually undergoes atro- 
phy, is not included. The disadvantages of this donor site 
are poor color match to facial skin and the development of 
ptosis. The versatility of the rectus abdominis donor site is 
based on the pattern of vascular supply from the deep infe- 
rior epigastric system of vessels, as shown in Figure 174.5. 
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Figure 174.5 Versatility of the rectus abdominis flap. A: Vertical rectus flap. B: Middle and lower 
transverse rectus abdominis flaps. C: Thoracoumbilical rectus flap. D: Combined thoracoumbilical 
and vertical rectus flap. E: The abdominal wall with the left rectus muscle reflected inferiorly to 
expose the arcuate line. The layers of the rectus sheath are visible above and below the arcuate line. 
EO, external oblique; lO, internal oblique; RA, rectus abdominis; TA, transversus abdominis. 


The most commonly used configuration of the rectus 
donor site is the transverse rectus abdominis myocutaneous 
(TRAM) for breast reconstruction. This configuration can be 
quite useful in the head and neck particularly when large 
volumes of tissue are required in low-BMI patients, when 
the entire rectus muscle is used and can act as a separate 
tissue paddle, or when cosmesis is an issue (e.g., a young, 
low-BMI patient with a large tongue defect). 


Neurovascular Pedicle 

The rectus abdominis muscle has two dominant vascular 
pedicles, the deep superior epigastric artery and vein and 
the deep inferior epigastric artery and vein (25). The deep 
inferior epigastric artery measures an average of 3 to4 mm 
in diameter, and the musculocutaneous perforators are 
direct branches of the deep inferior epigastric artery that 
passes through the overlying rectus muscle to the overlying 
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skin. The autogenous transplant can be reinnervated with 
any of the lower six intercostal nerves that supply segmental 
motor and sensory innervation to the rectus abdominis 
muscle and sensory supply to the overlying skin. Unfor- 
tunately, because of the segmental innervation of this flap, 
it is difficult to perform effective motor or sensory rein- 
nervation. 


Anatomic Variations 

Variations of the deep inferior epigastric artery and vein 
have been described. Sometimes the pedicle courses an 
unusually long distance along the lateral aspect of the 
muscle before taking a medial route. The perforator-based 
vascular anatomy is becoming more important because of 
the increasing use of perforator-based elevations (26). 


Potential Morbidity 

Removal of the rectus abdominis on one side with a 
portion of the overlying fascia can weaken the anterior 
abdominal wall and predispose the patient to ventral 
herniation or midline bulge. Primary closure with inter- 
rupted figure of eight with a 0.0 monofilament permanent 
suture on a taper needle may help decrease the likelihood 
of a hernia. The use of mesh to reinforce the abdominal 
wall is less frequent than in the past because of the high 
rate of infection. The time and effort needed to close the 
donor site and potential morbidity of the rectus donor 
site are other reasons that the anterolateral thigh donor 
site is replacing the rectus in all but the largest-volume 
defects. 


Technical Considerations 

Understanding the anatomic characteristics of the fascial 
envelope is perhaps more critical for rectus abdominis 
donor site than it is for any donor site (Fig. 174.5E). 
Prevention of herniation depends on restoring the integ- 
rity of the abdominal wall through effective closure of the 
fascial layers. An important transition occurs in the pos- 
terior sheath at the arcuate line, which is approximately 
at the level of the anterior superior iliac spine. Above the 
arcuate line, the posterior sheath is composed of contribu- 
tions from the aponeuroses of the transversus abdominis 
and internal oblique muscles. Below the arcuate line, the 
aponeurotic extensions of all three muscle layers contrib- 
ute to the anterior rectus sheath. The posterior sheath is 
composed only of transversalis fascia. The posterior rec- 
tus sheath is sufficient to prevent abdominal herniation 
or bulge above the arcuate line, although most surgeons 
reinforce this closure with closure of the anterior rectus 
sheath. Below the arcuate line, the anterior sheath must 
be reapproximated to prevent abdominal herniation. The 
donor site can nearly always be closed primarily. If the rec- 
tus fascia is not needed for the reconstruction, this donor 
site can be harvested as a perforator-based skin paddle. 
This technique spares the rectus muscle and the rectus 
sheath and avoids many of the potential morbidities of 
this donor site. 
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Preoperative Considerations 

Preoperative assessment must include a careful history and 
physical examination of the abdomen to ensure that previ- 
ous surgical procedures do not interfere with elevation of 
the donor site. This donor site has to be avoided in patients 
who have undergone inguinal herniorrhaphy or appendec- 
tomy because there can be scarring in the region of pedicle 
dissection. Peripheral vascular disease involving the iliac 
artery, particularly a history of vascular bypass, such as an 
aortofemoral bypass, is a contraindication to use of this 
donor site. 


Postoperative Management 

Ileus can occur in the early postoperative period. Vigorous 
exercise that involves the abdomen should be avoided for 
3 months posttreatment although mobilization and exer- 
cise can be started before 3 months but should be done 
under supervision of rehab medicine or physical therapy. 


Latissimus Dorsi 


Description 

A latissimus dorsi donor site can be used for head and 
neck reconstruction as either a pedicled rotation flap or an 
autogenous transplant. When the availability of a recipient 
vessel is in question, such as after radical neck dissection, 
this flap can be rotated onto the recipient site as a pedicled 
flap. When recipient vessels are available, the advantages 
of transferring the latissimus dorsi donor site as an autog- 
enous transplant are as follows: there is more flexibility in 
positioning, the skin paddle can be inset more superiorly, 
and there is less risk of pedicle kinking. When the latissi- 
mus dorsi donor site is elevated as muscle alone, the muscle 
atrophies to a thickness of approximately 4 mm. This attri- 
bute makes it ideal for scalp reconstruction, but is poor for 
large-volume defects if the muscle is used to reconstitute the 
reconstructed volume. In the setting of massive scalp defects, 
which require the entire muscle, the elevation of the latis- 
simus can be staged to recruit the distal, third angiosome. 
The staging procedure is performed by elevating the distal 
portion of the latissimus muscle and placing clips on 5 or 6 
of the segmental, paravertebral, intercostal perforators from 
thoracic vertebrae 6 to 12 that supply the second and third 
angiosome. The latissimus muscle is definitively elevated 
3 weeks later. For large-volume defects or large cutaneous 
neck defects, the latissimus dorsi muscle is transferred in a 
musculocutaneous paddle. For patients with total glossec- 
tomy defects, attempts have been made with little success to 
provide mobility of the tongue mound by reinnervating the 
latissimus dorsi muscle with the hypoglossal nerve. 


Neurovascular Pedicle 

The thoracodorsal vessels arise from the subscapular ves- 
sels or directly from the axillary artery and vein. These 
branches arise from the third portion of the axillary artery 
and vein and the vascular variations do not significantly 
affect pedicle length. The average diameter of the artery at 
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its origin is 2.7 mm (range, 1.5 to 4.0 mm), the diameter of 
the vein is 3.4 mm (range, 1.5 to 4.5 mm), and the average 
length of the pedicle is 9.3 cm (range, 6.0 to 16.5 cm). One 
of the many appealing features of this flap is the length 
of the vascular pedicle. The thoracodorsal nerve provides 
motor innervation to the latissimus dorsi muscle. The tho- 
racodorsal nerve usually crosses the axillary vessels approx- 
imately proximal to the subscapular artery and vein. 


Anatomic Variations 

The arterial supply and venous drainage of the latissimus 
dorsi donor site has a number of anatomic variations, but 
none precludes elevation or compromises pedicle length. The 
anatomic variations involve independent origin of the tho- 
racodorsal vein or the thoracodorsal artery from the axil- 
lary artery or vein. When the origins are separated, the 
subscapular artery arises proximally in the axilla by an 
average of 4.2 cm (27). 


Potential Morbidity 

Marginal necrosis of the skin paddle can occur but the 
most common cause is a skin paddle that is designed too 
distally over the third angiosome. There is little donor-site 
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morbidity except when a pectoralis muscle flap has been 
elevated on the ipsilateral side. 


Technical Considerations 

The patient must be carefully positioned on a beanbag in 
a semidecubitus position. With the patient in a 15-degree 
semidecubitus position, the donor site can be harvested 
simultaneously with the resection of the primary lesion. 
The anterior border of the latissimus dorsi muscle is along 
a line between the midpoint of the axilla and a point mid- 
way between the anterior superior iliac spine and the pos- 
terior superior iliac spine. The thoracodorsal artery and 
vein enter the undersurface of the muscle 8 to 10 cm below 
the midpoint of the axilla. The vascular branches to the 
serratus anterior muscle are ligated during elevation. The 
surgeon can harvest either a limited amount of latissimus 
dorsi muscle under the skin or the entire muscle, depend- 
ing on reconstructive demands. A two-paddle design can 
be based on the medial and/or the lateral branches of 
the thoracodorsal vessels (Fig. 174.6). A useful elevation 
technique is a muscle-sparing approach that is based on 
the lateral branch of the thoracodorsal artery and includes 
only the lateral edge of the latissimus. The advantages are 
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Figure 174.6 Left flank with the patient in the lateral decubitus position. The medial and lateral 
branches of the thoracodorsal artery are visible at the anterior edge of the muscle. The distal muscle 
can be used if a delay procedure that involves dividing the paraspinous perforators is performed 
2 to 3 weeks before harvest. Additional pedicle length can be obtained if the circumflex scapular 
artery is divided. 
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harvest of a small volume of latissimus muscle, preserva- 
tion of the innervation of the latissimus muscle from the 
medial branch of the thoracodorsal nerve, better control 
of the reconstructed volume because there is less muscle 
that will undergo atrophy, and less deficit in shoulder 
function because of preservation of innervated muscle at 
the donor site. 


Preoperative Considerations 

Previous axillary lymph node dissection is a relative con- 
traindication to the use of the latissimus dorsi donor site. 
History of shoulder injury particularly of the rotator cuff is 
a relative contraindication. 


Postoperative Management 

Suction drains must be placed and left in place for sev- 
eral days postoperatively because of the high incidence of 
seroma that occurs with use of with the latissimus dorsi 
donor site. 


Gracilis 


Description 

This thin myocutaneous donor site from the medial thigh 
was introduced by Harii et al. (28), in 1976, and was subse- 
quently popularized as a muscle-only design for dynamic 
facial reanimation. The primary use of the gracilis muscle 
in the head and neck has been facial reanimation, in which 
the muscle is both revascularized and reinnervated to 
restore contractile activity. To restore synchronous mimetic 
movement when the proximal stump of the facial nerve 
is not available, a two-stage procedure is performed with 
a cross-face sural nerve graft at the initial stage. The Tinel 
sign is used to monitor the progression of axonal growth 
across the face, which usually takes 9 to 12 months after 
initial transfer. When the examination shows that the dis- 
tal end of the sural graft has viable axons, the free muscle is 
transferred, revascularized, and reinnervated to the stump 
of the cross-face nerve graft. The advantages of this donor 
site for facial reanimation are its neuromuscular structure 
and ease of dissection. 


Neurovascular Pedicle 

The dominant pedicle of the gracilis donor site is the termi- 
nal branch of the adductor artery, which arises from the pro- 
funda femoris artery and runs a circuitous course between 
the adductor longus muscle anteriorly and the adductor 
brevis and magnus muscles posteriorly before entering the 
gracilis at the junction of the upper third and lower two- 
thirds. The point of entrance of the vascular pedicle into the 
muscle is consistently between 8 and 10 cm inferior to the 
pubic tubercle. The artery to the gracilis is accompanied by 
two venae comitantes, which either join or drain separately 
into the profunda femoris vein. The caliber of the artery usu- 
ally is 2 mm, and the caliber of the venae comitantes mea- 
sures 1.5 to 2.5 mm. The motor supply to the gracilis muscle 
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is the anterior branch of the obturator nerve, which enters 
the muscle in an oblique course approximately 2 to 3 cm 
cephalic to the entry point of the vascular pedicle (27). 


Anatomic Variations 

The main variability of the gracilis donor site is the blood 
supply to the overlying skin rather than the vascular or 
nerve supply to the muscle. Yousif et al. (29) described 
variations in which there are no musculocutaneous perfo- 
rators from the gracilis muscle, and most of the skin sup- 
ply was from septocutaneous vessels or from the inferior 
branch of the superior external pudendal artery. This varia- 
tion is rarely important because this donor site is used as a 
muscle-only donor site for facial reanimation. 


Technical Considerations 

The branching pattern of the anterior division of the obtu- 
rator nerve allows separation of the gracilis muscle into at 
least two functional muscular units. To minimize the bulk 
of muscle transferred, a single neuromuscular unit can be 
transferred that innervates the anterior portion of the mus- 
cle. The skin paddle, when needed, can be oriented lon- 
gitudinally over the gracilis muscle. The cutaneous paddle 
must be centered over the dominant musculocutaneous 
perforator, which is 8 to 10 cm distal to the pubic tubercle 
(Fig. 174.7). 


COMPOSITE-FREE DONOR SITES 


Fibular Osteocutaneous 


Description 

The free fibular graft was first described by Taylor et al. 
in 1975 (30) for long-bone replacement after trauma or 
cancer. Hidalgo (31) first described the free fibular donor 
site for mandibular reconstruction in 1989. The fibula pro- 
vides the longest possible segment of revascularized bone 
(25 cm) and has the thinnest associated skin paddle. This 
osseous donor site is the only donor site that many recon- 
structive surgeons use for bony reconstruction of the head 
and neck. The other two osseous donor sites are the iliac 
crest and the scapula. The iliac crest is less favored by some 
surgeons because of the donor-site morbidity and more 
difficult closure despite the excellent quality of the bone. 
The scapular donor site is less favored by some surgeons 
because the location of the scapular bone makes two-team 
surgery more difficult, the scapular bone is shorter, and the 
cross-sectional bone density is less than the fibula despite 
the superior selection of soft tissue options. 

Due to the small volume of the fibula skin paddle, 
large-volume soft tissue defects may require a second 
revascularized flap. Although the fibula can span nearly 
any mandibular defect, it lacks the diameter to reconstruct 
many dentulous mandibles. Unless adjunctive procedures 
are performed such as onlay bone grafting or vertical dis- 
traction osteogenesis, it lacks the cross-sectional diameter 
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Figure 174.7 The inner thigh of the left leg with a musculocutaneous gracilis flap dissected and 
only attached by its pedicle. The patient is positioned with the knee flexed and the hip externally 
rotated. With the knee flexed, the anterior edge of the gracilis muscle is marked with a line from the 
adductor tubercle to the tibial tubercle. The pedicle inserts on this line approximately 8 to 10 cm 


from the adductor tubercle. 


to reliably fix osseointegrated implants for implant bone 
prosthesis. The fibula is also useful for infrastructure (oral 
palate) maxillary reconstruction because of its long ped- 
icle, thin associated skin paddle, and small-caliber bone 
stock (32). If more than 60% of the maxillary alveolus is 
reconstructed, vein grafting may be required. The fibula is 
not ideal for the reconstruction of larger maxillary defects 
that include the infraorbital rim because of the relative 
lack of soft tissue and the complex osteotomies required 
to reconstruct the infraorbital rim and the alveolus simul- 
taneously. This donor site is ideal to a two-team approach 
and is one of the reasons for its popularity. 


Neurovascular Pedicle 

The peroneal artery and vein provide the primary 
blood supply to the fibular osteocutaneous donor site. 
Preoperative angiography or magnetic resonance angiog- 
raphy is recommended to ensure adequate arterial sup- 
ply to the foot when the peroneal artery is sacrificed (33). 
Sensation can be variably restored when the lateral sural 
cutaneous nerve is used. The branches, once they supply 
the skin paddle, can be multiple, small, and tedious to dis- 
sect. The peroneal communicating branch can be harvested 


as a vascularized nerve graft but is rarely performed in clin- 
ical practice. 


Anatomic Variations 

Much has been reported on the reliability of the blood sup- 
ply to the skin (34). The perforators that supply the skin 
can course through the posterior intermuscular septum as 
septocutaneous perforators or can travel as musculocuta- 
neous perforators through the flexor hallucis longus and 
soleus muscles. A cuff of flexor hallucis longus and soleus 
should be included during the elevation (Fig. 174.8A). The 
skin paddle is reliable if it is designed around a perforator. 


Technical Considerations 

When preoperative evaluation shows that either fibula is 
a suitable donor site, the donor site is chosen on the basis 
of ease of insetting. If the skin paddle is to be placed intra- 
orally, the autogenous transplant should be harvested from 
the contralateral leg to the side of the inset and vascular 
anastomosis. If the skin paddle is to be placed extraorally, 
the elevation should be ipsilateral to the side of inset and 
vascular anastomosis. The skin paddle is centered over 
the posterior intermuscular septum, which is anterior to 
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Figure 174.8 A: Cross section of the leg shows the fibula 
flap is elevated, and that both musculocutaneous and sep- 
tocutaneous perforators course from the peroneal artery to 
the skin paddle. B: The flap is marked on the lateral aspect of 
the right leg. The cutaneous paddle is marked along the pos- 
terior intermuscular septum, which is visible when the foot 
is flexed and inverted. Dominant cutaneous perforators can 
be located with a Doppler flowmeter before the flap is 
elevated (10 to 25 cm distal to the fibular head). The presence 
of septocutaneous perforators can be confirmed after the 
cutaneous portion of the flap over the lateral compartment 
is elevated. C: Flap detached from the vascular pedicle with 


Skin paddle the soleus muscle still attached for illustrative purposes. The 
outline anterior approach to this flap is useful for obtaining a wide 
cuff of flexor hallucis and soleus muscles to encompass the 
musculocutaneous perforators. 
c Gastrocnemius m 


Peroneus longus m. 


Interosseus membrane 
Tibialis posterior a. & v. 
Soleus m. 


Flexor hallucis m. cut 


Flexor hallucis m. (cut) 
Peroneal a. & v. 

Intermuscular septum 

Peroneus longus & brevis m.'s (cut) 


2838 


the soleus muscle and posterior to the peroneus muscle 
(Fig. 174.8B and C). A Doppler is used to identify cutane- 
ous perforators along the posterior septum along the dis- 
tal third of the donor fibula bone. The greatest number of 
cutaneous perforators is present in this region. Shifting the 
skin paddle distally increases pedicle length. Elevation 
usually is performed with a thigh tourniquet inflated to 
300 mm Hg. In the event that the skin paddle is inad- 
equately perfused, a second soft tissue donor site is 
prepared, which is usually the radial forearm site. 


Potential Morbidity 

A variety of donor-site complications have been reported, 
including rolling out of the ankle, cold intolerance, and 
edema. Elevation and closure are important. The motor 
nerve to the lateral compartment will be exposed when 
the peroneal muscles are dissected from their origin on the 
fibula. It is not technically challenging to avoid this nerve, 
but knowledge of its location will facilitate identification 
and preservation. When reapproximating the muscles after 
elevation of the fibula, it is important to not injure the 
nerve supply to the lateral compartment and to reapproxi- 
mate the flexor hallucis at an anatomic length so that it can 
effectively flex the toe. An 8-cm segment of fibula is pre- 
served both proximally and distally to protect the common 
peroneal nerve proximally and to ensure stability of the 
ankle joint distally. A skin graft is often required for clo- 
sure of the donor defect and is preferable to closure under 
excessive tension because of the risk of compartment syn- 
drome or distal limb ischemia. 


Preoperative Considerations 

Assessment of the vasculature to the foot is essential before 
fibular transfer. MRI angiography has supplanted con- 
ventional angiography in most cases. A history of lower- 
extremity fracture, joint replacement, and bypass grafting 
directs the surgeon away from a particular extremity. Careful 
physical examination of the lower extremity for peripheral 
edema or nonhealing ulcers is advisable in selection of the 
donor site because diseases related to peripheral vascular 
compromise and peripheral neuropathy such as diabetes 
may direct the surgeon to alternative donor sites. 


Postoperative Management 

Distal pulses in the foot are monitored as closely to avoid 
the complication of vascular insufficiency to the foot, which 
can be caused by excessively tight closure or dressings. A 
prefabricated walking boot is fit in the operating room. It 
is left in position for 6 to 7 days to facilitate healing of the 
skin graft. After this time period, the dressing is changed 
daily, the patient wears the boot for another 3 to 5 weeks to 
allow complete healing of the skin graft and to control pain. 
Ambulation is initiated with partial weight bearing on the 
third postoperative day with the assistance of physical ther- 
apy and a walker. Full weight bearing with the assistance of 
a walker or a cane can take place on postoperative day 5. 
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Osteocutaneous and Osteomusculocutaneous 
Iliac Crest 


Description 

The iliac crest donor site can be designed as an osseous, 
myoosseous, or osseomyocutaneous flap. The pedicle is 
5 to 6 cm long and can be lengthened if the segment of 
iliac crest is harvested at a more distal site. The original 
descriptions of the donor site (30,35) were for mandibu- 
lar reconstruction. Up to 16 cm of bone can be harvested. 
A bone-only transplant is ideal for segmental mandibular 
defects with very limited soft tissue component such as 
those associated with odontogenic lesions. A myoosseous 
transplant is ideal for segmental mandibular and maxil- 
lary defects with limited associated soft tissue defects. 
The osseomyocutaneous transplant is excellent for defects 
that involve limited intraoral lining and large external 
skin defects. The skin paddle does not rotate easily into 
the oral cavity and is not particularly useful for intraoral 
reconstruction. If there is a large intraoral soft tissue com- 
ponent combined with a segmental mandibular defect, 
the scapula donor site or two separate donor sites may be 
a better alternative. The iliac crest is also the best flap for 
retention of osseointegrated implants as it has the larg- 
est cross-sectional area when compared to a fibular or 
scapular bone. Despite the excellent quality of the bone, 
the limitations of the soft tissue and the morbidity at the 
donor site limit the use of the iliac crest. Most oral cavity 
defects usually involve intraoral soft tissue of the tongue, 
cheek, or palate and would require a second flap to ade- 
quately reconstruct the soft tissue. In cases where excellent 
bone stock is required for osseointegrated implants and 
there is a complex intraoral soft tissue defect, a second soft 
tissue donor site will be required to adequately rehabili- 
tate the patient. 


Neurovascular Pedicle 

The deep circumflex iliac artery (DCIA) arises from the lat- 
eral aspect of the external iliac artery approximately 1 to 
2 cm cephalic to the inguinal ligament. The ascending branch 
of the DCIA supplies the internal oblique muscle in 80% 
of the cases. The remaining patients have multiple smaller 
branches supplying the internal oblique from the DCIA. 
This vascular pattern does not prevent use of the internal 
oblique muscle. The deep circumflex iliac vein usually is 
composed of two paired venae comitantes, which merge a 
variable distance lateral to the external iliac vein. The cali- 
ber of the DCIA is 2 to 3 mm. That of the deep circumflex 
iliac vein ranges from 3 to 5 mm. There is no easily identi- 
fiable sensory component. 


Potential Morbidity 

Herniation of the abdominal wall can occur in the post- 
operative period. Meticulous, layered closure of the 
abdominal wall is essential to prevent ventral hernia. The 
transversus abdominis muscle is approximated to the cut 
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edge of the iliacus muscle. This layer can be reinforced 
by means of placing drill holes into the cut edge of the 
iliac bone through which sutures are placed to reinforce 
the deep layer of closure. The next layer of closure approxi- 
mates the external oblique muscle and aponeurosis to the 
tensor fascia lata and gluteus medius muscles. To decrease 
the likelihood of direct herniation, the internal oblique 
muscle is retained in a position inferior to the anterior 
superior iliac spine. This triangle of muscle is closed back 
to the lateral rectus sheath, 2.0 or 0.0 Prolene is used, and 
a figure-of-eight suture is placed for each layer of this clo- 
sure. The iliac crest donor site has robust blood supply to 
the bone and internal oblique muscle, but problems can 
occur with the blood supply to the skin. The skin is sup- 
plied by perforators from the DCIA. The perforators can be 
easily sheared as they pass through all three layers of the 
abdominal wall. 


Technical Considerations 

The skin paddle is centered on an axis drawn from the ante- 
rior superior iliac spine to a location on the anterior thorax 
where the inferior tip of the scapula is projected from the 
back to the anterior thorax (Fig. 174.9). Along this line, the 
zone of cutaneous perforators starts approximately 9 cm 
from the anterior superior iliac spine. The perforators are 
about 2.5 cm medial to the edge of the iliac crest. A gener- 
ous cuff of external oblique, internal oblique, and transver- 
sus abdominis layers must be preserved as the cutaneous 
perforators course through these layers. This produces a 
bulky, relatively immobile skin paddle. The skin must not 
be rotated independently of the bone to avoid twisting or 
stretching the cutaneous perforators. This elevation also 
places that patient at greater risk for an incisional hernia. 


2839 


Preoperative Considerations 

Evidence of ventral herniation or previous inguinal 
herniorrhaphy can lead the surgeon to select an alternative 
donor site. If the patient has severe peripheral vascular dis- 
ease, the surgeon needs to be sure that iliac artery bypass 
grafting has not been performed. For a patient who is a vas- 
culopath and has not undergone bypass grafting, an angi- 
ography of the DCIA is performed to ensure vessel patency. 


Postoperative Management 

Progressive mobilization begins on the third postopera- 
tive day. On the fifth postoperative day, the patient can 
walk with a walker and progress to a cane and indepen- 
dent walking as tolerated. Rigorous abdominal exercise is 
avoided for 3 months after the completion of treatment 
including chemoradiation. 


Scapular Donor Site, Subscapular and 
Thoracodorsal Artery 


Description 

The use of the scapular donor site is evolving and is differ- 
ent from the other commonly used osseous donor sites. The 
scapula bone and associated soft tissue can be harvested 
based on two different vascular pedicles, the circumflex 
scapular artery and/or the thoracodorsal artery. The unique 
features that make the scapular donor site useful for head 
and neck reconstruction include an option for a long vas- 
cular pedicle, the abundant surface area of relatively thin 
skin, the independent arc of rotation of the bone and the 
soft tissue paddles, the ability to combine the scapular flap 
based on the circumflex scapular artery with the latissimus 
dorsi based on the thoracodorsal artery, and the options 
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Figure 174.9 Vascular anatomic fea- 
tures of the iliac crest flap. The deep 
circumflex iliac artery (DCIA) courses in 
the superior aspect of the iliacus muscle. 
After it gives off the ascending branch, 
the DCIA runs in the groove between the 
iliacus and transversus abdominis mus- 
cles before penetrating the transversus 
abdominis muscle and passing over the 
pelvic brim near the posterior superior iliac 
spine. The bone must be cut low enough 
to include the pedicle. The ascending 
branch can be identified on the undersur- 
face of the internal oblique muscle and 
dissected proximally to help identify the 
DCIA. DCIV, deep circumflex iliac vein. 
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for sophisticated three-dimensional inset. The flexibility of 
this donor site is useful for the closure of complex multi- 
surfaced defects such as craniofacial and orofacial defects. 
Up to 10 cm of bone can be harvested from the lateral 
aspect of the scapula starting just inferior to the glenoid 
fossa based on the circumflex scapular artery. The bone 
stock is inadequate for the placement of osseointegrated 
implants for the purpose of mandibular rehabilitation 
without secondary onlay-free bone grafting. The fasciocu- 
taneous skin paddle supplied by the circumflex scapular 
artery is an excellent source of well-vascularized, moder- 
ately thin, hairless skin. The circumflex scapular artery 
has two cutaneous branches that can supply two cutane- 
ous skin paddles. The horizontally oriented scapular skin 
paddle is based on the transverse cutaneous branch, and 
the vertically oriented parascapular skin paddle is based on 
the descending cutaneous branch (36) (Fig. 174.10). The 
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second vascular pedicle that supplies the tip of the scapula 
is the thoracodorsal, and this variation is being used 
with increasing frequency and is replacing the circumflex 
scapular-based donor site (37). The scapular tip is supplied 
by several branches from the thoracodorsal artery and is 
named the TDAST donor site (38). This variation has a 
long vascular pedicle, supplies the entire scapular tip, and 
is useful for complex multisurfaced, high-volume midface 
and combined orbital reconstructions. This variation can 
be considered a latissimus osseomyocutaneous flap and 
can be combined with any variation of the bone and/or 
soft tissue based on the circumflex scapular artery. 


Neurovascular Pedicle 

The parent vessels of the two scapular donor sites are the 
subscapular artery and vein, which arise from the third 
part of the axillary artery and vein. The circumflex scapular 
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Figure 174.10 A: Vascular anatomic features of the left scapula. The subscapular artery sends the 
circumflex scapular branch through the triangular space to the scapular flap. The muscles that define 
the triangular space are palpated and marked preoperatively. The soft triangle is best approached 
by means of dissection over the teres major muscle at the lateral boarder of the scapula. Once the 
triangular space is located, the teres minor muscle can be retracted superiorly, and the pedicle can 
be dissected through the axillary space. B: The triangular space also can be located by means of 
marking the midpoint of the lateral aspect of the scapula. Three of the possible scapular paddles 
and their vascular supply are outlined. The deep branch is intimately associated with the lateral bor- 
der of the scapula, which it supplies. If a bone flap is to be included, care is taken not to injure the 
deep branch after dissection of the cutaneous flaps. 
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artery and vein emerge from the triangular space defined 
by the teres major and teres minor muscles and the long 
head of the triceps muscle. The circumflex scapular artery 
is accompanied by paired venae comitantes, which usu- 
ally join the thoracodorsal vein before entering the axillary 
vein. The average diameter of the circumflex scapular artery 
at its takeoff from the subscapular artery is 4 mm. At its ori- 
gin from the axillary artery, the subscapular artery has an 
average diameter of 6 mm. When the circumflex scapular 
artery is harvested at its takeoff from the subscapular ves- 
sels, the fasciocutaneous flap has a pedicle length of 4 to 
6 cm. Although a maximum pedicle length of 11 to 14 cm 
has been extensively quoted in the literature, in practice, 
the length is much closer to 8 cm. The thoracodorsal artery 
is described in the section on the latissimus dorsi myocu- 
taneous donor site. The pedicle that supplies the scapular 
tip arises within 1 cm of the branch to the serratus muscle 
and can arise from the thoracodorsal artery or the artery 
to the serratus muscle (Fig 174.11). When skin or osseous 
paddles are elevated on both the circumflex scapular and 
the thoracodorsal pedicles, this configuration is referred to 
as a “mega” flap. 


Anatomic Variations 

There are five anatomic variations but they are of little 
clinical consequence from the perspective of pedicle length 
or viability of the transplant. The most common pat- 
tern is a single subscapular artery and a single subscapu- 
lar vein branching into the circumflex scapular and the 
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thoracodorsal pedicle supplying both the scapula and the 
latissimus donor sites. One of the variations is a duplicated 
circumflex artery. Of the remaining three variations, all are 
related to separate origins of the vein or artery for each of 
the two flaps. These variations may necessitate two recipi- 
ent arteries or two recipient venous anastomoses. 


Potential Morbidity 

A contralateral brachial plexus neuropathy can be caused 
by lateral decubitus positioning during flap harvest. If 
the patient is positioned fully decubitus, an axillary roll 
is needed, as is careful attention to arm positioning. The 
axillary roll is to keep the thoracic cage elevated up off the 
bed and prevent compression of the clavicle on the bra- 
chial plexus. The scapular osteotomy must be fashioned 
1 cm inferior to the glenoid fossa to avoid injury to the 
joint space. Harvest of the scapular osteocutaneous flap 
necessitates detachment of the teres major, teres minor, 
subscapularis, and infraspinatus, which can cause shoul- 
der weakness and limited range of motion. These muscles 
must be meticulously reapproximated while the shoulder 
is abducted and the arm is extended. 


Technical Considerations 

To make two-team surgery easier, the patient can be placed 
in a 15-degree decubitus position with the assistance of 
a beanbag. Flap harvesting is technically more difficult 
when the patient is in a 15-degree decubitus position, but 
the benefit is reduction in total operative time. A separate 


Figure 174.11 The vascular anatomy of the TDAST autogenous transplant as seen during surgical 
elevation with the patient in the semidecubitus position. Note that the branch to the scapular tip 
usually arises 1 cm distal to the serratus branch or from the serratus branch 1 cm after the serratus 


branch is given off from the thoracodorsal artery. 
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axillary incision can be helpful in dissecting the pedicle 
to the axillary artery and vein. If the bone of the scapula 
is elevated, the teres major, subscapularis, and latissimus 
dorsi muscles are reattached to the scapula with 2-0 PDS. 
Care is taken not to injure the motor nerve supply to the 
teres major muscle during flap elevation. Modified Kessler 
suture technique can be useful for optimizing reapproxi- 
mation of the cut end of the teres major muscle to the 
scapula. If the scapular tip is harvested as part of a TDAST 
elevation, the insertion of the serratus should be reapprox- 
imated to stabilize the scapula. If there is enough intact 
latissimus muscle that is attached at the origin and the 
insertion, the anterior edge should be tacked to the fascia 
over the thoracic cage. 


Preoperative Considerations 

Previous axillary node dissection, shoulder reconstruction, 
or shoulder dislocation are contraindications to the use 
of fasciocutaneous and osteofasciocutaneous scapular or 
TDAST transplants. 


Postoperative Management 

If the scapular skin paddle is raised without bone, no spe- 
cific limitations are necessary with active range of motion. 
Passive range of motion should be limited by pain. If bone 
is harvested, the shoulder does not have to be immobi- 
lized, but minimal mobilization and not using the axilla 
to move the patient in bed should continue for 5 days. 
Thereafter, a physical therapy program should be started 
that begins with active range of motion and progresses to 
passive range of motion. 
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VISCERAL DONOR SITES 


Jejunum 


Description 

The free jejunal autogenous transplant has been successful 
in reconstruction of circumferential pharyngoesophageal 
defects. The diameter of the jejunum is a good match with 
the cervical esophagus and maintains a mucosal surface for 
food bolus transit. The graft is harvested by a transplant 
thoracic surgeon or a general surgeon with a simultaneous 
two-team approach. 


Neurovascular Pedicle 

Transilluminating the mesentery facilitates selection of 
a segment of jejunum with sufficient arborization from 
a single mesenteric artery and vein to supply the graft 
(Fig. 174.12). The second arcade of the jejunum usually 
is best for pharyngeal reconstruction. 


Potential Morbidity 

Stricture of the upper or lower anastomosis occurs in about 
10% of free jejunal transfers and responds well to dilation. 
This rate of stricture is lower than that encountered when 
tubed cutaneous flaps are used. Despite the lower stric- 
ture rate and relative ease of inset, the jejunum can have 
long-term functional problems. The peristalsis of the jeju- 
num produces functional obstruction during swallowing, 
a wet voice among patients who speak by means of tra- 
cheoesophageal puncture, and dysgeusia from the succus 
entericus (39). The long-term functional problems can be 
nearly eliminated with postoperative radiation therapy. 
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Figure 174.12 A: Segment of proximal jejunum of sufficient length supplied by a single arcade. 
B: The jejunum is shown as a segmental reconstruction of a total pharyngeal defect with a monitoring 
segment. The jejunum is inset under a minor degree of tension to reduce dysphagia. 
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Technical Considerations 

A suture is placed at the proximal end of the graft at har- 
vest to ensure isoperistaltic reconstruction of the pharyn- 
goesophagus. Any redundancy of the jejunal segment is 
avoided to prevent dysphagia. The proximal end of the 
jejunum can be divided along the antimesenteric border 
to facilitate closure to the tongue base. The distal end of 
the jejunum is anastomosed in an end-to-end manner to 
the stump of cervical esophagus. Postoperative monitor- 
ing is facilitated by exteriorizing a monitoring segment of 
the jejunum. This segment is based on the same mesen- 
teric arcade as the rest of the flap (40). This segment can 
be observed for peristalsis and evaluated directly with a 
Doppler probe. 


Preoperative Considerations 

Extension of disease into the proximal thoracic esophagus 
is an absolute indication for esophagectomy and colon 
interposition. The presence of ascites and chronic intes- 
tinal diseases such as Crohn disease and previous exten- 
sive abdominal surgery or intraperitoneal sepsis are all 
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contraindications for the use of the jejunum. Patients with 
limited pulmonary reserve are at increased risk of morbid- 
ity after laparotomy. 


Postoperative Management 

The external monitoring segment of jejunum is removed 
at the bedside on postoperative day 7 by means of suture 
ligation of its mesentery. 


Omentum and Gastroomentum 


Description 

The greater omentum is a double layer of peritoneum 
that hangs like a sheet from its main attachments to the 
greater curvature of the stomach and transverse colon 
(Fig. 174.13). The blood supply to this structure arises from 
the right and left gastroepiploic vessels, which course in 
the cephalic edge of the omentum where it attaches to the 
stomach. The omental free flap is very infrequently used 
in head and neck reconstruction but has been used for a 
variety of defects including coverage of large scalp defects, 
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Figure 174.13 Gastroomental flap completely elevated from the greater curvature of the stomach. 
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repair of extensive midfacial defects with coverage of split 
rib or calvarial grafts, management of osteoradionecro- 
sis and osteomyelitis in the head and neck region, and 
facial contouring. Although not used in North America, 
it has been used for severe cicatricial neck scarring after 
treatment of head and neck cancer with chemoradia- 
tion. Gastroomental autogenous transplants have been 
used for oral or pharyngeal defects; omentum is used to 
provide carotid coverage (41,42). The surgeon must care- 
fully weigh the functional and aesthetic benefits of this 
flap against the risks of an intra-abdominal procedure. 
A recent application is its use as a tubed gastroomental 
transplant for the treatment of laryngopharyngectomy 
defects in patients who have failed treatment with chemo- 
radiation. The perceived advantage is lower postoperative 
fistula rates, decreased neck scarring, and less postopera- 
tive structure (43). 


Neurovascular Pedicle 

The right gastroepiploic artery is more favorable for sup- 
plying omental flaps. The diameter of the right gastroepi- 
ploic artery ranges from 1.5 to 3.0 mm. 


Potential Morbidity 

A wide range of intra-abdominal complications can occur 
after harvest of a gastroomental free flap. The most serious 
is gastric leak with peritonitis and intra-abdominal abscess 
formation. Gastric outlet obstruction can occur if the har- 
vest impinged on the or is placed too close to the pylorus. 


Preoperative Considerations 
A history of gastric outlet obstruction or peptic ulcer dis- 
ease is a contraindication to this procedure. 


MICROVASCULAR RECONSTRUCTIVE 
APPROACHES TO DEFECTS IN THE 
HEAD AND NECK 


When reviewing various reconstructive approaches in the 
literature, it can be difficult to interpret results within a 
study or compare results between studies because there is 
no universally adopted system for coding head and neck 
defects. An effort has been made to classify defects on the 
basis of loss of epithelium, bone, nerves, and supporting 
musculature (44). 


Pharyngoesophageal Defects 


Pharyngoesophageal defects are classified according to cir- 
cumferential involvement (partial, near total, and total) 
and whether the esophagus or a large portion of the oro- 
pharynx was included in the resection. Also important in 
determining the optimal reconstruction is consideration 
of the mechanism of postoperative voice production (tra- 
cheoesophageal puncture vs. electrolarynx) and the use of 
postoperative radiation therapy. 
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Partial pharyngoesophageal defects are divided into 
those that can be closed primarily with minimal risk of 
stricture and partial defects that require additional tissue 
for reconstruction to minimize the risk of stricture. In gen- 
eral, partial pharyngeal defects that require additional tis- 
sue for closure are those that have undergone sacrifice of at 
least 50% of the pharynx, such as one piriform fossa and 
50% of the posterior pharyngeal wall, and primary closure 
cannot be performed without high risk of pharyngeal ste- 
nosis. Near-total pharyngoesophageal defects are defects in 
which only a thin strip of pharynx (1 cm) remains. Total 
pharyngeal defects are those in which there is complete 
absence of a segment of the pharynx and a circumferential 
reconstruction is required. 

Partial pharyngeal defects that require additional tis- 
sue and near-total pharyngeal defects can be reconstructed 
with either pedicled regional flaps or free tissue transfer. 
The following factors are taken into account to assist in 
decision making: (a) There must be adequate vascular 
access for a free tissue transfer, (b) carotid protection is 
believed to be beneficial if a modified radical or radi- 
cal neck dissection has been performed and a pedicled 
regional flap such as a pectoralis or latissimus dorsi flap 
can be used to provide carotid coverage, (c) for total or 
near-total pharyngeal defects, the soft tissue should be 
thinner than 2 cm. 

For total pharyngoesophageal defects, four types of 
reconstructions are considered. A gastric transposition (this 
is a pedicled flap), colon interposition, autogenous jejunal 
transplant, and large autogenous cutaneous transplants 
such as radial forearm or an anterolateral thigh. It is tech- 
nically possible to perform the majority of total pharyn- 
geal reconstructions with an autogenous jejunal transplant 
or autogenous cutaneous transplant. If the defect extends 
into the mediastinum, preoperative consultation with a 
thoracic surgeon and planning of a colon interposition 
flap is appropriate. Gastric transpositions are no longer the 
best reconstructive option because they do not remain as 
well vascularized as the colon when extended up into the 
oropharynx and are associated with significant reflux (45). 

The autogenous jejunal transplant was the first and 
the most commonly used donor site to reconstruct total 
pharyngoesophageal defects. The shortcomings are a wet 
voice, especially if the patient does not undergo postopera- 
tive radiation therapy, and dysphagia from autonomous 
peristalsis; halitosis; difficulty with reconstructing more 
extensive oropharyngeal defects; and the opening of the 
peritoneum. Cutaneous autogenous transplants (radial 
forearm, anterolateral thigh) have nearly replaced the jeju- 
num as the reconstructive option of choice. The cutane- 
ous donor sites can provide better voice, less dysphagia, 
and less donor-site morbidity compared to the jejunum. 
The trade-off with cutaneous donor sites is the higher 
incidence of stricture (46). Some surgeons use a salivary 
bypass tube at the time of surgery to reduce the likelihood 
of a stricture (47). 


Chapter 174: Reconstructive Microsurgery of the Head and Neck 


In addition to considering the size and the extent of the 
defect as discussed above, consideration of the quality of 
the tissue is important. In the situation of surgical salvage 
after failure of chemoradiation therapy, the fistula rate with 
primary hypopharyngeal closure is high. In an attempt to 
reduce the fistula rate, fasciocutaneous autogenous trans- 
plants are used as a pharyngeal interposition or onlay 
grafts. They are used to support the primary closure of 
hypopharyngeal defects and have been shown to decrease 
the fistula rate to 20% in a small case series (48). In a simi- 
lar fashion, rotational muscle flaps can also be used as a 
source of unradiated, well-vascularized tissue to reduce the 
incidence of fistula. Another approach to the reduction of 
complications for patients undergoing salvage total laryn- 
gopharyngectomy is the autogenous gastroomental trans- 
plant. The inferior edge of the stomach is tubed for the 
pharyngeal reconstruction, and the omentum can be used 
to resurface the entire anterior neck skin as necessary. 


Oral Cavity and Oropharyngeal Defects 


In the oral cavity and oropharynx, microvascular recon- 
struction has improved function and reduced complica- 
tions of the tongue and mandible (7). The sensate radial 
forearm autogenous transplant has become the work- 
horse of low-volume, soft tissue oral cavity reconstruc- 
tion; the sensate lateral arm is an alternative for slightly 
larger-volume defects. Because of the ease of harvest and 
microvascular anastomosis, the anterolateral thigh has 
become the donor site of choice for larger-volume defects. 
Reconstruction of associated mandibular bony defects can 
compromise soft tissue reconstruction because the soft tis- 
sue associated with osseous donor sites is not as versatile as 
the soft tissue donor sites. When the functional results are 
likely to be compromised by use of the soft tissue compo- 
nent of an osseous transplant, two donor sites can be used. 
A soft tissue donor site and an osseous donor site can be 
combined to optimize speech, swallowing, and cosmetic 
results. An example is an angle-to-angle mandibular defect 
combined with two-thirds anterior glossectomy. A fibula 
autogenous transplant can be used for osseous reconstruc- 
tion, and a soft tissue flap such as a perforator TRAM rec- 
tus, latissimus dorsi, anterolateral thigh, or a lateral arm 
can be used for the glossectomy reconstruction. For the 
repair of some of the largest soft tissue defects that include 
the entire tongue, musculocutaneous donor sites such as 
the rectus abdominis and latissimus dorsi are used. 

The principles of oral cavity reconstruction are to obtain 
watertight closure; maintain mobility; provide sensation, 
including cable grafting of segmentally resected sensory 
nerves; maintain the volume of the resected tissue; main- 
tain oral competence; and prevent medically significant 
aspiration. The radial forearm autogenous transplant is 
uniquely suited to reconstruction of the oral cavity when 
there is remaining functional anterior tongue. It is a thin, 
supple donor site of ample size to provide mobility. The 
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antebrachial cutaneous nerve can be used to innervate the 
flap and provide cable grafts for the inferior alveolar or lin- 
gual nerves. Deepithelialized segments can be used to con- 
tour the reconstruction to restore the original shape of the 
resected tissue (49). 

For total glossectomy defects a large volume of sub- 
cutaneous tissue is made into a mound to allow contact 
between the flap and the remaining sensate mucosa in the 
oral cavity. If a laryngectomy has not been performed, the 
hyoid bone must be resuspended to the mandible to help 
prevent aspiration. 

Complex full-thickness defects (defects that include 
oral mucosa in continuity with external skin) usually are 
encountered in conjunction with mandibular defects. 
These defects can be reconstructed with a multipaddled 
osteocutaneous latissimus or scapula autogenous trans- 
plant or a combination of a soft tissue and a osteocutane- 
ous fibular flap. 


Midfacial Defects 


Midfacial defects traditionally have been managed with 
a prosthesis. Revascularized free tissue transfer has been 
valuable in reconstructing the maxilla to maintain midfa- 
cial projection in the premaxillary, zygomatic, and infraor- 
bital regions. It also has been useful in providing soft tissue 
to the cheek and orbit. The principles of midfacial recon- 
struction are to restore the contour and projection of the 
midface, to facilitate rehabilitation of an occlusal surface 
in the upper jaw, to provide oronasal separation, to close 
the orbit or provide a platform for prosthetic rehabilitation 
of the eye, and to maintain a functioning lacrimal system 
if the globe is intact. Use of a hard-palate obturator is an 
excellent approach to a maxillectomy defect, and that is 
limited to the ipsilateral secondary palate. When evaluat- 
ing a patient for reconstruction of the midface, it is impor- 
tant to consider and coordinate the tissue transplantation 
with the prosthetic rehabilitation to optimize the func- 
tional and aesthetic results. 

It is helpful to classify defects involving the maxilla. 
There are at least two classification systems that are helpful 
for thinking about maxillary reconstruction (50,51). These 
defects can be categorized first by dividing them into infra- 
structure (oral palate) and combined infrastructure and 
suprastructure defects (oral palate, maxillary buttresses, 
orbital rim, and orbit). Infrastructure (oral palate) defects 
can be approached with a wide variety of techniques. 
Combined infrastructure and suprastructure defects can be 
subdivided as follows: (a) maxillectomy with intact orbital 
rim, (b) maxillectomy including the infraorbital rim, 
(c) maxillectomy including the infraorbital rim and orbital 
contents, and (d) composite defects, which can include 
any of the other defects combined with facial skin. The 
principles to be addressed are midfacial projection, the 
infraorbital rim, orbital floor support, oral nasal separa- 
tion, and a stable platform for mastication. 
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Maxillectomy defects with intact orbital rim that only 
involve two buttresses are effectively reconstructed with an 
obturator. The obturator provides adequate oronasal sepa- 
ration, a stable platform for mastication, and an anchor 
for additional teeth if the patient does not have an intact 
dental arch. Maxillectomy defects including infraorbital 
rim are best reconstructed with free tissue transfer, either 
alone or in concert with a prosthesis. An effective approach 
for patients without teeth or who cannot afford osseointe- 
grated implants is vascularized bone osseocutaneous fore- 
arm autogenous transplant or a TDAST for the infraorbital 
rim reconstruction and orbital floor support in combina- 
tion with a maxillary obturator to provide dental arch (52). 
For patients who can afford implants or whose remaining 
dentition is intact and healthy, an osseocutaneous flap such 
as an iliac crest, fibular, or TDAST in combination with 
osseointegrated implants as needed has become a more fre- 
quently used approach to avoid a maxillary obturator. 

Maxillectomy defects including the infraorbital rim and 
orbital contents are much larger-volume defects. The prin- 
ciples to be addressed are the same as those for defects with 
an intact orbital rim with the additional issue of volume 
requirement for the orbital defect. A TDAST alone or an 
osseocutaneous radial forearm transplant in combination 
with a maxillary prosthesis can be used. Orbital prosthe- 
ses usually are not accommodated in the primary recon- 
struction. A closed orbit is considered easier to manage 
and cosmetically superior by most but not all patients (9). 
Another alternative to reconstruction of these large defects 
is to obliterate the space with a large-volume soft tissue 
transplant such as an anterolateral thigh or a rectus. The 
approach does not restore the craniofacial skeleton or the 
dental arch, but it does prevent a sunken midface, provides 
oral nasal separation, and is much easier and reliable than 
the approaches with the osseous transplants (53). 

The composite maxillectomy defect is relatively straight- 
forward to reconstruct if a large soft tissue transplant is 
used to obliterate the resected volume. Multiple paddles 
are used to resurface the palate and the facial skin. If the 
craniofacial skeleton, the dental arch, and the soft tissue are 
anatomically restored for a patient with a composite max- 
illectomy defect, the reconstruction is much more difficult. 
Multiple paddles are used to resurface the palate and the 
facial skin. TDAST is the one of the most useful donor sites 
for the management of these complex defects if restoration 
of the craniofacial skeleton is desired (38). The osteocu- 
taneous radial forearm is a distant second because of the 
small volume of bone stock and donor-site morbidity. The 
scapula donor site has adequate bone stock to recontour 
most maxillary defects, the soft tissue can be positioned 
independently from the bone, and there is ample subcu- 
taneous tissue to recontour the cheek and fill the orbit as 
needed. This donor site is based on the subscapular and 
circumflex scapular artery is supplied by a pedicle that is 
much shorter than the latissimus dorsi artery pedicle that 
supplies the latissimus dorsi soft tissue and the tip of the 
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scapula (TDAST). As a result, the TDAST is replacing the 
traditional subscapular/circumflex scapular donor site for 
the reconstruction of these defects. 


Defects of the Base of the Skull 


Microvascular reconstruction has been a key factor in facili- 
tating skull base surgery. The rectus donor site has been used 
because of its bulk, long vascular pedicle (if the rectus mus- 
cle is included as part of the pedicle length), ability to make 
multiple skin islands by means of deepithelialization, and 
ease of patient positioning and ability to perform primary 
closure at the donor site. The disadvantage of use of a rec- 
tus flap is poor color match and a tendency toward ptosis. 
These cosmetic limitations of the myocutaneous rectus trans- 
plant decreased its use. As a result, the anterolateral thigh 
donor site has been used as an alternative if it can supply 
adequate volume to obliterate the defect. For thin patients, 
the rectus donor site may be the only site with adequate soft 
tissue. Obtaining adequate soft tissue is a common prob- 
lem in breast surgery as well, and a perforator-based harvest 
technique borrowed from breast reconstruction that spares 
the rectus and reduces the problems with ptosis is useful 
for skull base reconstruction. It is likely that there will be 
increasing use of perforator-based rectus transplants for skull 
base reconstruction due to a long pedicle (15 to 18 cm), 
ample soft tissue, multiple paddles, and limited donor-site 
mobility. As for other craniofacial defects, the bone can be 
reconstructed; the functional and esthetic results are judged 
to be better, but these approaches are much more difficult. 
Calvarial defects can be reconstructed with split calvarial 
bone or hydroxyapatite compounds. Any area of bony pro- 
jection should be reconstructed with vascularized bone if the 
patient has undergone or plans to undergo radiation therapy. 

The principles of skull base reconstruction are to sup- 
port the dural closure (separation of the cranial cavity 
from the upper aerodigestive tract), provide carotid cover- 
age, obliterate dead space, support nonvascularized bone 
reconstruction, and restore calvarial and facial contour. 
The defects can be anterior or lateral defects. Anterior skull 
base defects that include the orbit and maxilla are best 
reconstructed with a large-volume flap such as a TDAST 
or a soft tissue flap (anterolateral thigh or rectus) if cos- 
mesis and function are of secondary importance. Anterior 
defects limited to the fovea ethmoidalis or the orbitofo- 
vial defects with an intact maxilla that cannot be recon- 
structed with local flaps can be reconstructed with a thin, 
partially deepithelialized soft tissue transplant (radial fore- 
arm or anterolateral thigh). Lateral skull base defects are 
best reconstructed with a thick anterolateral thigh, lateral 
arm, or a muscle-sparing latissimus transplant. These flaps 
have better color match than the musculocutaneous rectus 
donor site and have a reduced tendency to become ptotic. 
The ideal donor site for color match and reduction of pto- 
sis is the lateral arm donor site; this is also a good source 
of donor nerve. The challenge with the lateral arm donor 


Chapter 174: Reconstructive Microsurgery of the Head and Neck 


site is the small short pedicle. The same principles apply to 
skull base reconstruction with respect to prosthetic man- 
agement. It is important to have the patient see the pros- 
thetist prior to the surgical treatment to obtain the best 
functional and aesthetic results. 


External Soft Tissue Defects 


Autogenous tissue transplantation is useful in the man- 
agement of massive cutaneous defects of the scalp or 
skin that cannot be reconstructed with local tissue or 
when reconstruction with a regional pedicled rotational 
flap gives suboptimal cosmetic results. The optimal flap 
for reconstruction is based on the site of the defect. For 
defects of the face and neck, the anterolateral thigh, 
scapular and lateral arm, and muscle-sparing latissi- 
mus donor sites are used because they have an adequate 
amount of subcutaneous tissue to allow contouring; 
the contour is stable and does not become ptotic. For 
scalp defects, the latissimus dorsi muscle with a split- 
thickness skin graft is used because it is thin, is tightly 
adherent to the skull, and easily allows fitting of a wig. 
Calvarial defects are recontoured at primary reconstruc- 
tion, because it is difficult to close the latissimus dorsi 
muscle after secondary reconstruction of the calvarium. 
For forehead defects, a radial forearm flap is used most 
often, although the color match is poor. The principles 
of reconstruction of large soft tissue defects are to pro- 
vide coverage of critical structures (large vessels, dura, 
or cranial nerves), restore the skeletal contour with 
split calvarial bone or hydroxyapatite paste, restore soft 
tissue contour, allow fitting of a wig as needed, and 
obtain optimal color match. 


m Revascularized free tissue transfer is a reliable and cost- 
effective approach to head and neck reconstruction. 

= The evolution of microvascular free tissue transfer 
has advanced head and neck reconstruction. The 
technique enables the surgeon to perform exacting 
and sophisticated reconstruction and primary resec- 
tion in a single stage. 

m Free tissue transfer is most useful for management of 
sophisticated oromandibular reconstruction, total 
pharyngeal defects, complex midfacial defects, skull 
base defects, and large external soft tissue defects of 
the head and neck. 

m= The advantages of free tissue transfer are reliabil- 
ity, vascularity, abundant supply of high-quality 
tissue, potential for sensory and motor reinner- 
vation, and inset into a heavily irradiated bed if 
necessary. 
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m The disadvantages of free tissue transfer are com- 
plexity, need for special instrumentation and train- 
ing, increased operating time, and involvement of 
two surgical teams. 

= Radial forearm free tissue transfer has become the 
workhorse of head and neck reconstruction because 
the flap is reliable, thin, pliable, and sensate and can 
be contoured to the defect. 

m Musculocutaneous free tissue transfers are more 
bulky than fasciocutaneous flaps. The flaps are used 
for management of larger soft tissue defects such as 
those caused by total glossectomy or of large skull 
base defects. 

= Selection of the osteocutaneous flap to be used for 
reconstruction depends on many factors, including 
vascular anatomic features, vessel quality, available 
bone, versatility of the soft tissue, donor-site mor- 
bidity, and feasibility of simultaneous two-team 
surgery. 

m There is no ideal osteocutaneous flap for the man- 
agement of combined bone and large-volume soft 
tissue defects. 

m Pharyngoesophageal reconstruction requires careful 
preoperative assessment of extent of the tumor, con- 
sideration of method of voice rehabilitation, and 
the planning of radiation therapy before the recon- 
struction and surgical team can be chosen. 

m When evaluating a patient for midfacial or skull 
base free tissue transfer, it is important to consider 
the integration of prosthetics to obtain the optimal 
functional and aesthetic results. 
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Tissue Expanders 


Jonathan Liang 


The reconstructive ladder is a philosophical model used in 
facial plastic surgery to address cutaneous and soft tissue 
defects. The reconstructive ladder represents a graduated 
approach (Fig. 175.1), with closure via secondary inten- 
tion as the most basic technique and closure with a micro- 
vascular free flap as the most complex technique. Tissue 
expansion falls in the upper middle tier of the reconstruc- 
tive ladder. It is used when there is not enough adjacent 
tissue to close a defect primarily or with a local flap. 

Tissue expansion is a technique used by plastic and 
reconstructive surgeons to cause the body to grow addi- 
tional skin, bone, or other tissues. Tissue expansion also 
occurs naturally in the human body. It can occur as a nor- 
mal physiologic process—the most classic example is preg- 
nancy, during which uterine and abdominal tissue undergo 
remarkable expansion and enlargement. Also, it can occur as 
a pathophysiologic process, such as with large tumors that 
lead to concurrent expansion of the overlying skin and soft 
tissue. Examples of tissue expansion can be seen in many 
cultures. Certain populations have employed forms of tissue 
expansion to decorate, enhance, or mutilate facial or body 
structures. The Mursi tribe of Ethiopia incorporates giant 
decorative plates in the lower lip (Fig. 175.2). The Kayan 
woman of Myanmar, formerly Burma wears a series of rings 
around the neck to enhance linear growth (Fig. 175.3). 
Tissue expansion is also seen in more mainstream culture 
with the popularity of body art and piercings. Similar to 
the use of large wooden spools used in the Waorani tribe of 
Ecuador, the youth counterculture has adopted ear gauges 
to widen the ear lobe as an expression of body art. 

In 1905, Codvilla reported the first use of tissue expan- 
sion for medical purposes to lengthen a femur (1). In 1957, 
Neumann provided the first report of expanding the skin 
using an inflatable balloon, used in the setting to reconstruct 
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a helical defect (2). Tissue expansion is best known for its 
use in breast reconstruction. Radovan popularized tissue 
expansion for postmastectomy breast reconstruction (3). 
In the 1980s, studies investigating the histologic effects 
of tissue expansion elucidated the biology and physiol- 
ogy behind this emerging reconstructive technique (4,5). 
Argenta reported the first description of tissue expansion 
in the pediatric population in 1981 (G). Tissue expansion 
became a widely accepted technique in the 1980s and has 
continued to be a useful technique in the armamentarium 
of the reconstructive surgeon. 

The advantages and disadvantages of tissue expansion 
are outlined below (Table 175.1). The ability to bring skin 
with near-perfect match in color and texture is a significant 
benefit when compared with skin grafts and pedicled or free 
flaps, which often transfer tissue that is not similar in tex- 
ture, thickness, or color. There is also minimal or no donor 
site morbidity because no secondary defect occurs. Tissue 
expanders are also able to incorporate tissue with special- 
ized function or adnexal characteristics. For example, tissue 
expansion in the setting of breast expansion is able to pre- 
serve superior sensation in the skin flaps. In the setting of 
tissue expansion in the scalp for treatment of alopecia, tissue 
expansion can incorporate hair-bearing flaps. One major 
disadvantage of tissue expansion is that it does involve mul- 
tiple surgeries and/or office visits. There is a noticeable vis- 
ible deformity during the expansion period, which can lead 
to physical and emotional burdens for the patient. 


Human tissues exhibit dynamic effects when exposed to 
sustained pressure and expansion. A key understanding of 
the physical properties of the skin is needed to understand 
the changes in skin biomechanics during tissue expansion. 
Tension is a function of the elastic fiber network and varies 
with location and age. Extensibility is the response of skin 
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Figure 175.1 Reconstructive ladder. 


to mechanical forces. Viscoelasticity is the function of creep 
and stress relaxation. Creep is defined as a gain in skin 
surface area that results when a constant load is applied. 
In other words, it is the tendency of a solid material to 
slowly move or deform permanently under the influence 
of stresses. Stress relaxation is defined as a decrease in the 
amount of force necessary to maintain a fixed amount of 
skin stretch over time (7,8). 


Figure 175.2 Mursi tribe woman of Ethiopia with a giant decora- 
tive plate in the lower lip. 
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Figure 175.3 Kayan woman of Myanmar, formerly Burma with 
concentric rings around the neck to enhance linear growth. 


The concept of creep is essential to understanding tissue 
expansion. There are different types of creep: biologic and 
mechanical (Table 175.2). Biologic creep involves per- 
manent changes in the microanatomy of tissue. There is 
an overall increase in mitotic activity, with resultant net 
increase in surface area. In contrast, mechanical creep 
does not exhibit any change in tissue microanatomy. 
In mechanical creep, there is displacement of fluids and 
mucopolysaccharide ground substances, microfragmen- 
tation of elastic fibers, and alignment of randomly posi- 
tioned collagen fibers into a more parallel position. There 
is no overall increase in mitotic activity and thus no net 
increase in surface area. 

Biologic and mechanical creeps correspond to conven- 
tional long-term expansion and rapid intraoperative expan- 
sion, respectively (Table 175.3). In conventional long-term 
expansion, biologic creep is the underlying mechanism. 
It takes weeks to months to achieve and relies on physi- 
ologic and histologic changes in the tissue (9,10). Rapid 


V5) ADVANTAGES AND DISADVANTAGES 
slyd-yul) OF TISSUE EXPANSION 


Advantages 


Disadvantages 


Skin with near-perfect match in 
color and texture 

No or minimal donor site 
morbidity 

Tissue with specialized function 
or adnexal characteristics 


Involves multiple surgeries 
and/or multiple office visits 
Visible deformity 


Physical and emotional burden 
for patient 


TYPES OF CREEP 


Biologic Creep Mechanical Creep 


Permanent changes in 
microanatomy 
Increase in mitotic activity 


No change in microanatomy 


Displaces fluid and extracellular 
substances; collagen fibers 
realign 


Net increase in surface area No net increase in surface area 


intraoperative expansion is a more controversial method 
of achieving tissue expansion. The underlying mechanism 
that occurs during rapid intraoperative tissue expansion is 
mechanical creep. There is rapid cyclical stretching of the 
tissue, which is performed often in a single setting, and 
results in only mechanical changes in the tissue (10,11). 


PHYSIOLOGY 


Maintaining living tissues under tension causes new cells 
to form and the amount of tissue to increase. An under- 
standing of the skin microanatomy will help elucidate the 
changes that occur with biologic creep (Fig. 175.3). 

The skin is composed of epidermis, dermis, and subcu- 
taneous tissue (hypodermis). The epidermis is the upper- 
most layer and contains five sublayers (in order from 
superficial to deep): stratum corneum, stratum lucidum, 
stratum granulosum, stratum spinosum, and stratum 
basale. The main cells found in the epidermal layer are 
Merkel cells, keratinocytes, melanocytes, and Langerhans 
cells. There are no blood vessels in the epidermis. The der- 
mis is the middle layer and consists of a superficial pap- 
illary region and a deep reticular region. The papillary 
region contains loose areolar connective tissue, and the 
reticular region contains dense concentrations of collagen, 
elastic, and reticular fibers. The dermis contains many hair 
follicles, sweat glands, sebaceous glands, apocrine glands, 
lymphatics, and blood vessels. The subcutaneous tissue is 


TABLE 
TYPES OF EXPANSION 


175.3 


Conventional Long-Term 
Expansion 


Rapid Intraoperative 
Expansion 


Takes weeks to months 
to achieve 

Physiologic and histologic 
changes occur 

Relies on biologic creep 

Well accepted 


Rapid cyclical stretching 
performed in one setting 
Mechanical changes only 


Relies on mechanical creep 
Controversial 
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the deepest layer of the skin and connects the dermis with 
the underlying bone or muscle—it supplies the underlying 
tissue with blood vessels and nerves. The main cell types 
in this layer are fibroblasts, adipocytes, and macrophages. 

With conventional long-term tissue expansion, bio- 
logic creep occurs at all levels of the skin. In the epider- 
mis, there is an increase in mitotic activity. The thickness 
either stays the same or is slightly increased, and the strati- 
fied structure is preserved (10,12,13). The changes are 
temporary, and the microscopic appearance of the skin 
returns to normal within a year or two after the conclusion 
of expansion. In the dermis, there is significant thinning 
of approximately 30% to 50% (10,14,15). Of note, how- 
ever, the basal layer actually thickens. There is increased 
metabolic activity in the fibroblasts and melanocytes with 
enhanced collagen synthesis and melanin production, 
respectively. The number of hair follicles and the pattern 
of hair growth remain the same, but the density of hair fol- 
licles decreases. Individual follicles may be separated by a 
factor of two without producing noticeable hair thinning. 
Given normal hair density, the scalp can be expanded by 
two to three times its original surface area before a change 
in hair amount is evident. In the subcutaneous tissue, 
adipose tissue thins approximately 50% with loss of adi- 
pocytes (14,15). There is also some muscle thinning and 
atrophy (15). Vascular proliferation occurs with the growth 
of capillaries, venules, and arterioles (16). Nerves lengthen 
with conventional tissue expansion, but their function is 
impaired (17). A dense fibrous capsule forms around the 
expander and contributes to the vascularity. The capsule 
also contributes to contracture and shrinkage of the flap 
after the expander is removed (18). The expander capsule 
thickness does not correlate with expander volume, loca- 
tion, or patient age (10). 


APPLICATIONS 


Tissue expansion has been used in breast reconstruction, 
closure of abdominal wounds, decubitus ulcers, extremity 
defects, burn scars, and even the separation of conjoined 
twins. In the head and neck, common applications include 
use in posttraumatic or postoperative alopecia, male pattern 
baldness, expansion prior to major reconstruction, congeni- 
tal microtia, and large or giant melanocytic nevi (19-21). 

Tissue expanders have been used in the scalp, forehead, 
ear, nose, cheek, and neck. Table 175.4 provides general 
expectations for flap advancement for a given expanded 
flap and various areas of the head and neck (20). The mea- 
surement of expanded flap width is measured across the 
base of the expander. Tissue expansion works best in loca- 
tions where there is solid bony support under the expander 
balloon device, such as the scalp and forehead. The scalp 
is the ideal place for tissue expansion (22,23). The tissue is 
thick and vascular. The solid calvarium provides an ideal 
base for the expander. Approximately 50% of the scalp can 
be reconstructed with the use of tissue expansion (24). 
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Expanded Flap 


Expected Flap 


Site Width (cm) Advancement (cm) 
Scalp 12-16 Up to 8 
Forehead 8-14 Up to 7 
Midface 10-14 Up to 7 
Ear 4-8 Up to 4 
Neck 12-16 Up to 8 


From Hoffmann JF. Tissue Expansion in the Head and Neck. Facial 
Plast Surg Clin North Am 2005;13: 315-324. 


Use of tissue expanders for auricular defects is limited by 
the lack of adequate non-hair-bearing soft tissue in the adja- 
cent area. Nasal reconstruction often requires an expanded 
midline forehead flap. The potential for contracture of an 
expanded flap and thickening of the tissue from the cap- 
sule may limit the application in reconstructing subunits 
of the nose where a thin and pliable soft tissue coverage 
is essential to allow the cartilaginous framework to show 
through. However, some surgeons do use tissue expanders 
in the forehead prior to elevating and transposing a fore- 
head flap. In the cheek and neck, the skin is relatively thin 
and there is potential for damage to the facial nerve and 
underlying musculature with tissue expansion. Smaller vol- 
ume expanders and longer-term expansion can be used to 
minimize complications. The gravitational forces in these 
areas can lead to the migration of expanders, and thus, the 
base often needs to be secured to the underlying structures. 


EXPANDER DEVICES 


Current tissue expanders are Silastic balloons (Fig. 175.4). 
Tissue expanders are defined by shape, size, and injection 
port. 

Expanders can be rectangular-, circular-, or crescent- 
shaped. Custom sizes and shapes can be made for spe- 
cific uses. For large scalp rotation flaps, crescent or circular 
expanders are ideal. For straight advancement flap, rectan- 
gular expanders are ideal. Rectangular-shaped expanders are 
able to achieve a gain of 38% in tissue surface area. Round 
or circular-shaped expanders are able to achieve a gain of 
25% in tissue surface area. Crescent-shaped expanders are 
able to achieve a gain of 32% in tissue surface area (25). 

Tissue expanders vary in size from 1 to 1,000 mL, with 
head and neck tissue expanders usually varying from 1 to 
250 mL. The injection port can be remote, integrated, or 
external. For tissue expanders with an integrated injection 
port, a small butterfly needle (23 or 25 gauge) is com- 
monly used for injecting the expander during the expan- 
sion phase. Most injection ports have a raised palpable 
ring. Some integrated expanders have a separate magnet 
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Figure 175.4 Tissue expanders. Expanders come in various 
shapes and sizes. These expanders have external ports, but tissue 
expanders with integrated ports also exist. 


that helps to localize the injection port. As the volume 
of the implant increases, tension is distributed to the sur- 
rounding tissues, which results in their expansion over 
time. The advantage of internal versus external ports has 
been debated (26-28). The arguments for external ports 
are that they require less dissection, have painless port 
access, and allow for earlier detection of leaks. 

Tissue expanders can also be classified by two- 
dimensional or three-dimensional expansion. Two- 
dimensional linear skin stretchers consist of a Dacron 
strip with hooks on both ends that are prestretched and 
placed under the previously elevated skin flaps—as the 
Dacron strip returns to its native size, it stretches the skin. 
Two-dimensional expansion creates forces by pulling the 
perimeter away from the central portion of skin being 
stretched (10). In contrast, three-dimensional expansion 
creates forces by pushing and compressing the skin away 
from a fixed perimeter (10). Three-dimensional expansion 
is the mainstay type of tissue expander. 


SURGICAL TECHNIQUES: 
CONVENTIONAL LONG-TERM TISSUE 
EXPANSION 


Strategies for use of tissue expanders vary from surgeon to 
surgeon. The stages of the tissue expansion process include 
selecting the ideal expander, inserting the expander, 
expanding the expander, and removing the expander with 
simultaneous reconstruction. 

In selecting the most ideal expander for the patient, it is 
important to consider the size of the defect, location of the 
defect, and the goals of the patient. This is an important step 
in the preoperative assessment and preparation. General 


principles include using the largest possible expander, and 
often more than one expander may be needed for large 
defects. A single large expander is preferred over multiple 
smaller expanders because this will give the greatest gain 
in tissue per volume of expansion and limit the number 
of operative sites. The surface area of the expander base 
should be 2.5 to 3 times as large as the defect size (20). 

The actual surgery begins with placement of the 
expander. The incision for the placement should be as far 
from the expander as possible to prevent dehiscence dur- 
ing expansion and exposure of the device. A small V- or 
U-shaped incision placed radially (perpendicularly) related 
to the direction of expansion is ideal (29). In the scalp, the 
tissue expander should be placed between the galea apo- 
neurosis and the pericranium. In the forehead, the tissue 
expander should be placed deep to the frontalis muscle. In 
the face, the tissue expander should be placed superficial to 
the superficial muscular aponeurotic system. In the neck, 
the tissue expander should be placed superficial to the pla- 
tysma muscle (30). Nevertheless, wide undermining of the 
pocket for the expander is important in any of these loca- 
tions. The expander pocket should be dissected wider than 
the base of the expander in a blunt fashion to preserve the 
longitudinal bloody supply (4). Furthermore, the expander 
pocket must be large enough to allow the expander to lie 
completely flat without any folding, buckling, or distortion. 

The expansion phase is often the most burdensome for 
the patient—both physically and emotionally. The interval 
and volume of expansion may vary by region and wound 
type. Typically, 2 weeks are allowed for the wounds to 
heal after expander placement before the expansion phase 
begins. Serial inflation of the expander occurs over 4 to 
6 weeks. Expansion should be continued until the extended 
flap is approximately 20% larger than the size of the defect 
to account for tissue recoil during advancement. Inspection 
of the skin color (blanching), capillary refill, and direct pal- 
pation are routine when evaluating for further expansion. 
When the patient experiences any significant pain during 
expansion, the injection should be stopped and saline 
should be removed. Overinflation of the tissue expander 
beyond the manufacturer's recommended fill capacity is 
common in clinical practice (31), and one study has shown 
overinflation associated with lower complication rates (32). 

The final step in the process involves removal of the tis- 
sue expander device and simultaneous reconstruction with 
the expanded flap. 


Case 1 


A 2-year-old girl with a hairy nevus of the anterior scalp. 
The lesion was present at birth and has grown proportional 
to the patient’s growth. Examination showed a 5 x 6-cm 
well-circumscribed mass at the frontal hairline that is 
hyperpigmented (Fig. 175.5). The patient underwent con- 
ventional long-term tissue expansion. During the insertion 
phase, the selected tissue expander was placed in an area just 
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Figure 175.5 Pediatric patient with hairy nevus of anterior scalp. 


posterior to the lesion between the galeal and pericranial 
layers of the scalp (Fig. 175.6). During the expansion 
phase, the patient underwent a series of five expansions 
over the course of 6 weeks to a final volume of 110 mL 
(Fig. 175.7). During the removal and reconstruction phase, 
the tissue expander was removed and the expanded skin 
was advanced to the edge of the defect site (Fig. 175.8). 


Case 2 


A 38-year-old woman with a neck scar from a burn injury 
as a child who had undergone previous revision and laser 
treatment with persistent scar deformity. Examination 
showed a horizontally oriented 10 x 3-cm hyperpigmented 
scar with mild wound contraction around the edges 
(Fig. 175.9). The patient underwent conventional long- 
term tissue expansion. During the insertion phase, a circu- 
lar tissue expander was placed in the neck superior to the 
scar site in the plane above the platysma muscle. During the 
expansion phase, the patient underwent a series of expan- 
sions over the course of 8 weeks to a final volume of 80 mL 
(Fig. 175.10). During the removal and reconstruction 
phase, the tissue expander was removed and the expanded 
skin was advanced inferior over the defect site (Fig. 175.11). 


SURGICAL TECHNIQUES: RAPID 
INTRAOPERATIVE TISSUE EXPANSION 


The protocols and principles discussed above apply to 
conventional long term tissue expansion. The protocol for 
rapid intraoperative tissue expansion significantly differs. 
This method has been championed by Sasaki (33,34). 


Figure 175.6 A, B: Insertion phase. An incision is made in the right posterior scalp, and a subga- 
leal pocket was created. A large oval-shaped tissue expander was selected to fill the planned defect 
site (A). The expander was placed in the subgaleal pocket just posterior to the lesion (B). 


The phases are the same—selecting the ideal expander, 
inserting the expander, expanding the expander, and 
removing the expander with reconstruction. However, 
all this occurs in a single setting and relies on mechani- 
cal creep. There are no physiologic or metabolic changes 
that are seen in the setting of conventional long-term tis- 
sue expansion. A gain of 1 to 3 cm of flap length can be 
achieved, depending on the site of expansion. Table 175.5 
provides rough estimates of the degree of lengthening one 
might achieve in some areas of the head and neck (34). 
During the expansion phase, the expander is inflated 
for 3 minutes and then deflated for several minutes. 
This process is repeated at least two more times. This is 
immediately followed by incision, inset, and closing of 
the flap. The process remains controversial. Critics of this 
technique have claimed that rapid intraoperative tissue 
expansion is simply augmented undermining and tissue 
rearrangement (35,36). 


Figure 175.7 Expansion phase. The same patient during the 
expansion phase. The patient underwent a series of expansions for 
a total volume of 110 mL. 


COMPLICATIONS 


The reported complication rate with tissue expanders 
is approximately 10% (20,37,38). These complications 
include expander exposure or extrusion, skin necrosis or 
ischemia, numbness or weakness, infection, bone resorp- 
tion, hematoma or seroma, and failure of the expander 
device. Most authors would advocate that exposed expand- 
ers can be watched, with cessation of interval expansion. 
However, it is often recommended that extrusion should 
be an indication for prompt removal. If there is evidence 
of skin necrosis or infection, the tissue expander should 
be removed, with culture and debridement of the wound. 
Careful antiseptic techniques should be observed to mini- 
mize infection around the devices. 


CONCLUSIONS 


Tissue expansion can be a useful technique in the arma- 
mentarium of a reconstructive surgeon. It can provide 
additional skin with similar characteristics and avoid unnec- 
essary donor site morbidity. Tissue expanders are especially 
useful for reconstructing scalp and forehead defects, and its 
use has been described for all areas in the head and neck. 
The more traditional and commonplace conventional long- 
term tissue expansion relies on biologic creep and results 
in important physiologic changes at the epidermis, dermis, 
and subcutaneous tissue. Conventional long-term tissue 
expansion can be a lengthy process for both the patient 
and surgeon. There are many critics of rapid intraopera- 
tive expansion, but its main advantage is completing all the 
stages of tissue expansion in a single setting to minimize 
patient morbidity. There are many ongoing studies investi- 
gating new agents to help increase the rate of tissue expan- 
sion, and further research on both the mechanical and 
biologic properties of tissue expansion will help improve 
clinical outcomes of reconstruction with tissue expansion. 
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A-D: Removal and reconstructive phase. The area over the hairy nevus was shaved, 
and markings were made around the lesion site (A). The hairy cell nevus was excised with minimal 
margin (B). The tissue expander was dissected from the fibrous capsule, deflated, and removed (C). 
The expanded scalp tissue was advanced to the defect size—the incision closed primarily laterally— 
and a small central area was left to granulate (D). 


A, B: Adult female patient 
with large neck scar on frontal view (A) and 
side view (B). 
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A, B: Expansion phase. 
The same patient during the expansion 
phase on frontal view (A) and side view (B). 
The patient underwent a series of expan- 
sions for a total volume of 80 mL. 


A 


>, 


A-C: Removal and reconstructive phase. The 
scar was excised with irregular geometric shape pattern excision 
(A). The tissue expander was dissected from the fibrous capsule, 
deflated, and removed (B). The expanded neck tissue was advanced 
to the defect size, and the incision was closed primarily (C). 


Scalp 
Forehead 
Upper nose 
Nasal tip 
Midface 
Neck 


ESTIMATED DEGREE OF 
LENGTHENING IN INTRAOPERATIVE 
TISSUE EXPANSION 


Average Tissue Gain 
per Expander (cm) 


1.9-1.5 
1.0-2.5 
1.0-1.5 
0.50-0.75 
1.0-2.5 
1.0-2.5 


From Sasaki GH. Intraoperative sustained limited expansion as an 
immediate reconstructive technique. Clin Plast Surg 1987;14:563-573. 


Tissue expansion lies in the middle rung of the 
reconstructive ladder. It can provide skin with simi- 
lar characteristics and avoids donor site morbidity. 
Conventional long-term expansion relies on bio- 
logic creep. 

Rapid intraoperative expansion relies on mechani- 
cal creep. 

Important physiologic changes in conventional 
expansion include increased mitotic activity and 
vascular proliferation. 

Various sizes, shapes, and types of tissue expanders 
exist. Rectangular expanders provide the largest gain 
in surface area. The base of the expander should be 
2.5 to 3 times the size of the defect. 

The scalp and forehead are optimal sites for recon- 
struction with tissue expanders. 

Stages of tissue expansion include insertion, expan- 
sion, and expander removal with simultaneous 
reconstruction. 

Complications occur in approximately 10% of cases, 
with the most common of being expander extrusion 
or exposure. 
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Scar Camouflage 


Shawn M. Stevens 


Scar camouflage constitutes one of the primary roles of the 
facial plastic surgeon, and in no other location of the body 
does this bear such aesthetic importance. The surgeon 
must possess a sound understanding of prevention and tis- 
sue handling techniques, as well as a fundamental under- 
standing of wound healing and patient-specific risk factors 
in scar formation. Additionally, a wide array of techniques 
must exist within the surgeon’s armamentarium, both sur- 
gical and nonsurgical, in order to appropriately manage 
the high variability of scar presentations (Table 176.1). 

The surgeon’s goal should be to select the best tech- 
nique(s) for the individual patient and scar. This constitutes 
a challenging decision backed by a relative paucity of high- 
level evidence. Well-designed, comparison-controlled trials 
of various interventions are lacking for reasons including the 
following: (a) objective markers of scar improvement (color, 
elevation, texture) are inconsistent between studies; (b) 
interpatient scar variability makes adequate controls impos- 
sible; and (c) subjective scales such as patient and physician 
satisfaction scores are prone to significant inter- and intra- 
group variability (1). Despite these difficulties, strong trends 
do exist within the literature regarding surgical approaches to 
scar camouflage. Thus, the goal of this chapter is to provide 
the reader with a sound, evidence-based review of the avail- 
able interventions for scar camouflage. 


Wound Healing 


The wound healing process can effectively be broken into 
three distinct but overlapping phases: the inflammatory 
phase, the proliferative phase, and the remodeling phase. 
The inflammatory phase (immediate onset lasting 2 to 
5 days): This initially begins with hemostasis over the first 
5 to 10 minutes via vasoconstriction and activation of the 
clotting cascade. This includes platelet aggregation and 
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deposition of thrombin and fibrin. Vasodilation follows 
and peaks at approximately 20 minutes before vascular tone 
returns to its baseline. Also beginning immediately, aggre- 
gating platelets and local phagocytic cells (predominantly 
neutrophils for the first 24 to 48 hours) release a variety of 
proinflammatory and chemotactic cytokines. This in turn 
leads to an influx of macrophages. These are the essential 
mediators of early wound healing and predominant cell 
type from 48 hours through the remainder of the inflam- 
matory phase. The macrophages for their part phagocytize 
bacteria and damaged tissue and release their own milieu 
of cytokines, growth factors, and chemotactic agents. This 
subsequently promotes the arrival of fibroblasts, endothe- 
lial and epithelial cell migration, and wound contraction 
by myofibroblasts. 

The proliferative phase (day 2 through 3 to 4 weeks): 
Fibroblasts enter the wound around day 2, which signifies 
an overlap period of the inflammatory and proliferative 
phases. As the inflammatory phase ends and macrophages 
decline in number, fibroblasts take over as the predominant 
cell type. Through the resulting fibroplasia, granulation 
tissue forms, and extracellular matrix (ECM) is deposited 
consisting of disorganized collagen (mostly type III), elas- 
tin, and fibronectin. Angiogenesis and wound contraction 
(both begin around day 4) follow and are mediated by 
endothelial cell migration and wound margin myofibro- 
blasts, respectively. Wound contraction is maximal around 
days 12 to 15. Reepithelialization also occurs during this 
phase through migration of epithelial keratinocytes from 
the wound margins and the bases of pilosebaceous sub- 
units preserved in the wound at the level of the dermis. The 
process occurs best over a moist surface of viable tissue. This 
underscores the importance of a moist wound environment 
that not only aids migration but also prevents excess scab- 
bing that acts as a barrier to migration. Reepithelialization 
ceases when the opposing sheets of migrating epithelial 
cells meet and reestablish contact inhibition. 
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UNDESIRABLE SCAR TYPES 


Atrophic scars (depressed) 

Hsc (protrusive) 

Irregularly shaped scars 

Scars with color mismatch 

Scars that cross RSTL/aesthetic subunits 
Contracted scars that distort surrounding tissues 
Keloids 


RSTL, relaxed skin tension lines. 


The remodeling phase (3 weeks to 2 years): Collagen 
remodeling occurs with fibers becoming aligned in a more 
parallel fashion and type I collagen being deposited in 
greater proportion. Excess cells are removed via apopto- 
sis and phagocytosis. Also during this phase, the wound’s 
tensile strength will increase roughly according to the fol- 
lowing progression: 15% of original strength by 3 weeks, 
60% by 6 weeks, and 80% by 3 to 6 months, which is the 
maximum achieved (2). 

Deregulation or interruptions of this wound healing 
process, including interventions by the surgeon, can lead 
to alterations in the scar that ultimately forms. Other sys- 
temic and/or external processes including malnutrition, 
diabetes mellitus, smoking, excessive sun exposure, and 
immunosuppression can severely impede this process and 
lead to poor wound healing and worsened outcomes. 


Scar Types 


Scars can be classified broadly into hypertrophic scars 
(Hsc)/keloids and non-Hsc (1). Hsc and keloids are quite 
similar in nature and represent an aberration in the wound 
healing process. Patients prone to these types of scars have 
been shown to have down-regulation of various apoptotic 
genes and overexpression of signaling factors such as IL-6 
and TGFB1 and £2. Resulting histologic findings include 
ECM overproduction and deposition of highly disorganized 
collagen by hypermitotic fibroblasts (2,3). Keloids, by defi- 
nition, are elevated fibrous scars that extend beyond the bor- 
ders of the original wound, do not regress, and usually recur 
after excision. They can take between 3 months and years 
to develop. Hsc develop quicker (within 8 weeks), are con- 
fined to the wound borders, and usually will regress over a 
period of 12 to 18 months (2,4). Risks for keloid formation 
include darkly pigmented skin (15- to 20-fold increase), 
familial predisposition, and high wound tension. Hsc are 
less likely to be related to skin pigmentation. Care must be 
taken by the surgeon when working with patients at risk for 
keloid formation as there is a very high rate of recurrence, 
especially when surgical excision is used alone (5). 
Non-Hsc can be divided into either atrophic (depressed) 
scars or scars that are flat or protrude minimally above the 
level of the adjacent normal skin (1). While less prone to 


Section X: Facial Plastic and Reconstructive Surgery 


recurrence and complications than keloids and Hsc, these 
scars can nonetheless be disfiguring and challenging to 
treat. The pathophysiology of this scar type is likely related 
to a hypoxic wound environment, abnormal levels of cel- 
lular apoptosis, and limited angiogenesis. The ultimate 
result is reduced deposition of ECM and collagen and a 
depression of the wound bed with regard to surrounding 
normal skin. Similar to keloid and Hsc, excessive tension 
on wound edges increases risk of atrophic scar formation. 


SURGICAL TECHNIQUES 


Surgical Planning and Scar Relocation 


Four main factors exist that cause unsatisfactory scar- 
ring. These are (a) the direction of the scar with respect to 
relaxed skin tension lines (RSTLs) and if there is disrup- 
tion or distortion of aesthetic units; (b) the uninterrupted 
length of a straight scar especially if greater than 2 cm; (c) 
an irregular texture to the scar surface; and (d) a color mis- 
match between the scar and surrounding normal tissues. 
Many techniques exist to treat these problems. In general, 
the goal is to achieve relocation, excision, irregularization, 
and/or disruption of a scar (Table 176.2). When planning 
to camouflage a scar, it is of critical importance to examine 
the scar’s relationship to the facial aesthetic units, their bor- 
ders, and the general locations of RSTLs (Fig. 176.1). Facial 
aesthetic units include the forehead, eyelids, nose, cheeks, 
lips, and chin. Aesthetic borders between or at the margins 
of these units are excellent locations for incision placement 
or scar relocation and include the hairline, infraorbital 
rims, nasofacial grooves, melolabial folds, vermilion bor- 
ders, and preauricular sulci. Careful acknowledgment of 
RSTLs is important, as an incision or closure that crosses 
these at an angle greater than 30 to 40 degrees will produce 
an aesthetically displeasing result. With careful planning, 
many scars can be excised via fusiform incision/primary 
closure and achieve excellent results. Thus, one of the ideal 
camouflage techniques is achieved by placement of inci- 
sions within existing skin folds produced by RSTLs (6-10). 

Scars or defects near the center of an aesthetic unit, rest- 
ing over a convexity or concavity, or of great length make 
simple excision less effective. If extensive undermining of 
surrounding tissue is necessary for tension-free closure 
or the anticipated closure will distort a free margin of 


CHARACTERISTICS OF AN IDEAL 
176.2 Ex: 


Thin width 

Surface flush with surrounding skin 

Color matches surrounding skin 

Runs parallel to RSTL or along aesthetic subunits 
Irregularized if long length 


RSTL, relaxed skin tension lines. 


Figure 176.1 Schematic illustrating the RSTLs of the face. 
(Modified illustration from Larrabee WF, Sherris DA. Soft tissue 
biomechanics and physiology. In: Larrabee WF, Sherris DA, eds. 
Principles of facial reconstruction, Chapter 1. New York: Lippincott- 
Raven, 1995:3.) 
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the face (lid, lip, nose) and/or cross an RSTL, alternative 
interventions should also be considered, such as local flap 
reconstruction (11). 


Flaps 


Flaps can be classified in a number of ways. Classification 
can be based on vascular supply, composition, and/or 
design and method of transfer (Table 176.3). Practical use 
often employs a combination of the above. Transposition 
flaps and local advancement flaps constitute the principle 
techniques utilized for scar camouflage. When performed 
correctly, these procedures can achieve excellent irregu- 
larization or disruption of a scar and provide near perfect 
color and texture match to surrounding healthy skin (8). 
The most commonly used techniques include the Z-plasty, 
W-plasty, and geometric broken line closure (GBLC) and 
will be discussed in detail below. Multiple variations of 
these techniques also exist and can be tailored to the indi- 
vidual patient and scar. 


Z-plasty 

One of the most common and important techniques in 
a surgeons’ armamentarium is the Z-plasty transposition 
flap (Fig. 176.2). The basic Z-plasty can provide excel- 
lent cosmesis for a variety of scar revision purposes and 
is chiefly used to (a) lengthen a scar, (b) release a contrac- 
ture, (c) disrupt a scar, or (d) realign a scar within an RSTL 
(Fig. 176.3). However, performing a Z-plasty also has its 
drawbacks. Lengthening the scar in one direction will 
result in shortening of the perpendicular direction, and a 
total of three scars must be made in the place of one. 


TABLE 
176.3 
Classification Subclassification Subtypes Examples 
Vascular supply |. Random supply The majority of local flaps 
Il. Axial supply A. Local a. Paramedian forehead (supratrochlear 
(by named vessel) artery) 
B. Regional b. Platysmal (branch of facial artery) 
C. Free tissue transfer c. Pectoralis major (thoracoacromial artery) 
Composition |. Cutaneous 
ll. Fasciocutaneous 
Ill. Musculocutaneous 
IV. Osteomusculocutaneous 
Method of transfer/ A. Advancement flap a. Primary fusiform closure, W-plasty, GBLC, 
design V to Y, island, etc. 
B. Rotation flap b. Cervicofacial, O to Z, Karapandzic, etc. 
C. Transposition flap c. Z-plasty, bilobed, rhombic, etc. 
D. Interpolated d. Paramedian forehead, melolabial, 
nasofacial, etc. 
E. Free tissue transfer e. Latissimus, scapular, radial 


forearm, etc. 
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Figure 176.2 Classic design of the Z-plasty with 60 degree 
limbs. (From Hochman M. Scar Camouflage. In: Bailey BJ, Calhoun 
KH, eds. Bailey-head and neck surgery—otolaryngology, Chapter 
166, Figure 166.3, 3rd ed., Vol. 2. New York: Lippincott Williams & 
Wilkins, 2001:2115.) 


Technique—tThe traditional Z-plasty has two constant 
features. First, three incisions of equal length are made, 
one central and two limbs. The central incision, ideally, is 
designed to run parallel to the scar’s long axis. Upon clo- 
sure, the central component of the incision will achieve the 
greatest directional change, which makes careful planning 
of the central limb vital when attempting to realign the scar 
with an RSTL (Fig. 176.4). Most often, the defect left by a 
fusiform excision of the entire scar itself (or other defects 
such as that left by Mohs surgery) forms the central limb 
of the Z-plasty (11). The second feature is the two angles 
made by the limb incisions. In the traditional Z-plasty, 
these angles are equal and 60 degrees from the center. This 
results in the formation of two triangular skin flaps. When 
raised in the subcutaneous plain, the triangle tips are trans- 
posed such that the shared sides of the triangles approxi- 
mate the skin side of the opposing limb incisions. 
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The effect achieved is a disruption of the scar itself and 
reorientation along the lines of the limb incisions, which 
do not move appreciably and should ideally be drawn 
within RSTLs. It is critical to note that if the initial scar was 
already oriented with an RSTL, the central incision will fall 
perpendicular to the same RSTL. Scars angling less than 
40 degrees from an RSTL are often better managed with 
simple excision. A final important feature of the Z-plasty 
is that intelligent angle design allows the surgeon to antici- 
pate the new length and degree of reorientation achieved 
after closure. The simple rule of thumb is that the 60-degree 
Z-plasty will produce a 75% increase in length and 
90 degrees of rotation (Fig. 176.5). A change in angle pro- 
duces predictable change of these variables (Table 176.4). 
If further lengthening is desired, serial Z-plasty can be per- 
formed (6,11). Of note, angles should never be less than 
30 degrees as the flap tips will risk ischemia and necrosis. 

A number of variations of the traditional Z-plasty exist 
including double-opposing Z-plasty, unequal triangle 
Z-plasty, four-flap Z-plasty, compound Z-plasty, and plani- 
metric Z-plasty (6). 


W-plasty 

One of two common advancement flaps used for scar 
irregularization, the W-plasty produces a regularly irregular 
incision and should be used on long straight scars. Such 
scars reflect light homogenously and are easy for the eye 
to follow. Irregularization scatters that reflected light mak- 
ing it less visible to the observer. W-plasty is best suited 
for scars angling greater than 35 degrees from RSTLs or 
for scars that cross unforgiving areas of convexity or con- 
cavity (12). Unlike the Z-plasty, this technique does not 
increase the length of the scar. W-plasty is faster to perform 
than GBLC but forms a more predictable and conspicuous 
scar. As in GBLC, some normal tissue is removed, which 
increases overall tension on the wound. 


Figure 176.3 Patient with a history of cleft lip repair, who demonstrated a vermilion-cutaneous 
step-off deformity. Z-plasty technique was utilized to correct the step-off deformity and to realign 
the vermilion along the natural aesthetic border. A: Preoperative photo demonstrating the misalign- 
ment of the vermilion and skin of the upper lip disrupting the normal border of the lip vermilion sub- 
unit. Lines mark the planned limbs for the Z-plasty transposition flap. B: Immediate postoperative 
photo demonstrating the correction of the vermilion border and restoration of the natural cupids 
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Figure 176.4 Schematic of Z-plasty technique that illustrates the 
importance of limb design. A: Preferred limb design that allows 
the final incisions to mostly orient parallel with the RSTLs. B: Poor 
limb design that causes the final incisions to orient across the 
RSTLs. (From Shockley WW. Scar revision techniques. Oper Tech 
Otolaryngol 2011;22:84—-93, Figure 7, p. 89.) 


Technique—The W-plasty is essentially a series of 
mirrored triangular advancement flaps (12) (Fig. 176.6). 
The apices of the triangles are placed 3 to 5 mm on either 
side of the scar, and each apex should be 5 to 6 mm apart 
from those adjacent. Limb length should be between 3 and 
6 mm. Smaller limbs tend to not break up the scar ade- 
quately, while larger limbs form more conspicuous scars. 
The angle of each apex is designed individually to orient the 
limbs with RSTLs (Fig. 176.7). The ends of the incision are 
“closed” with a final set of triangles measuring 30 degrees 
or less. Anything larger can create a “dog ear” or “standing 
cone” deformity at the incisional margins. Alternatively, an 
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Figure 176.5 Schematic demonstrating how increasing the limb 
angles of a Z-plasty predictably increases the total final length 
of the scar. (From Hochman M. Scar Camouflage. In: Bailey BJ, 
Calhoun KH, eds. Bailey-head and neck surgery—otolaryngology, 
Chapter 166, Figure 166.4, 3rd ed., Vol. 2. New York: Lippincott 
Williams & Wilkins, 2001:2116.) 
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Z-plasty Increase Central Central Scar 
Angle Scar Length Reorientation 
30° 25% 45° 
45° 50% 60° 
60° 75% 90° 
75° 100% - 
90° 125% - 


M-plasty can also be used to avoid extending the incision 
further. With traction applied, the W-plasty design is 
excised taking both scar and normal tissue with it. Closure 
is performed in layers. 


Geometric Broken Line Closure 

More complex and time consuming than the W-plasty, 
GBLC produces an irregularly irregular incision that maxi- 
mizes scar camouflage. This technique is ideally used 
on scars that are relatively long and angle 45 degrees 
or greater from RSTLs. While GBLC has superior cam- 
ouflaging results, it also carries a high degree of techni- 
cal difficulty and significantly increases operative time 
(Fig. 176.8). 

Technique—GBLC incorporates a series of advance- 
ment flaps in the form of opposing semicircles, squares, 
triangles, rhomboids, and rectangles in varying order and 
size (Fig. 176.6). The key feature is randomness of the 
design, which is difficult for an observer's eye to track. 
As is always the case, it is important to align straight 
portions of the new scar with RSTLs whenever possible. 
Individual flap length should fall between 3 and 7 mm, 
as greater lengths become too visible and smaller ones 
become difficult to close (Fig. 176.9). Flaps should be 
meticulously mapped out 3 to 6 mm from the scar mar- 
gins, and the triangular ends of the design should again 
be less than 30 degrees to avoid a standing cone defor- 
mity. The design is excised under tension taking the inter- 
posing scar and normal skin. Due to forces across the 
wound bed, wide undermining may be necessary to assist 
in tension-free closure. Closure is achieved in layers simi- 
lar to the W-plasty (12). 


Serial Excision and Tissue Expansion 


Serial Excision 

This technique involves partial excision of a scar com- 
bined with undermining and advancement of the adjacent 
healthy skin. It requires a series of sequential procedures, 
but will eventually excise the scar completely. While not 
often used in scar camouflage, serial excision may be 
considered if the size and elasticity of a scar or tension 
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Figure 176.6 Schematic illustration of the W-plasty (A) and GBLC (B) techniques. W-plasty 
produces a regularly irregular incision through the advancement of serial triangular flaps. GBLC 
produces an irregularly irregular incision through the advancement of multiple geometric-shaped 
flaps. (From Hochman M. Scar Camouflage. In: Bailey BJ, Calhoun KH, eds. Bailey-head and neck 
surgery—otolaryngology, 3rd ed, Vol. 2, Chapter 166, Figure 166.6. New York: Lippincott Williams 


& Wilkins, 2001:2116.) 


forces across the wound bed preclude a single excision 
and closure. The number of required excisions depends on 
the features of the scar. Between procedures, the available 
skin at the wound margin will increase via mechanisms of 
mechanical and biologic creep. This effectively increases 
the available tissue for the next stage of the excision. 
The primary disadvantage is the necessity for multiple 
operations (13). 


Tissue Expansion 

Tissue expansion represents another technique geared 
toward increasing available tissue for a planned future 
revision. It involves the placement of an implant under 
normal tissue adjacent to the scarred wound, followed by 
sequential office visits to expand the implant with saline 
injections. This in turn stretches the overlying tissue, which 
will again increase in area secondary to creep-related 
mechanisms. Even more rarely used than serial excision, 


expansion mandates two procedures, multiple clinic 
visits, and carries risks of infection and implant extrusion. 
Indications are similar to those for serial excision. 


Grafts 


Grafts are rarely used in scar camouflage but do exist as an 
option for large defects not amenable to complete closure. 
The most common examples of grafts used in this setting 
are skin grafts (split-thickness, full-thickness, or dermal) or 
composite grafts (full-thickness skin with perichondrium 
with or without cartilage) (8). Important factors to con- 
sider if choosing a graft for camouflage purposes are antici- 
pated degree of contracture at the recipient site, placement 
of the graft with regard to facial subunits and RSTLs, ade- 
quacy of blood supply of the recipient bed, resultant scar at 
the donor site, graft color, and skin thickness similarity to 
the surrounding normal tissue. 


Figure 176.7 Schematic illustrating how the angle between the long axis of the scar and the 
RSTLs helps to predict the angles that the W-plasty limbs should be designed, in order to improve 
the alignment of the final incisions with the RSTLs. (From Rodgers BJ, Williams EF, Hove CR. W-plasty 
and geometric broken line closure. Facial Plast Surg 2001;17(4):239-244, Figure 2, p. 240.) 
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Patient with an atrophic widened scar that transgresses multiple aesthetic subunits. 
Serial revision was planned. Starting with repairing the lower half of the scar on the cheek. Geometric 
broken line closure technique was performed. A: Preoperative photo of the cheek portion of the 
scar. B: Intraoperative design of the GBLC. C: One week postoperative photo of GBLC with plans 
to remove sutures. D: Three months postoperative photo. The scar is no longer depressed and has 
improved width, and the irregularization makes the scar less noticeable. 


Concepts in Prevention and Surgical techniques are also of critical importance and include 
Technique atraumatic tissue manipulation, aseptic technique, and 


meticulous hemostasis (3,14,15). Careful placement of 
deep dermal sutures to achieve maximal wound eversion 
should be executed to prevent atrophic scar formation. Also 
of importance are the location of incisions with respect to 


To achieve an optimal aesthetic result after any interven- 
tion, careful surgical planning for incision placement 
and tissue transfer is paramount. Proper tissue handling 
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Figure 176.9 Description of the technique used to design geo- 
metric broken line advancement flaps. A: Lines are drawn parallel 
to the borders of the scar and are 5 mm beyond the borders of the 
scar. B: Horizontal lines are drawn 5 mm apart between the scar 
edge and the outer vertical lines. C: Shaded area represents the 
proposed excision of the geometric shapes. Each side must mirror 
the geometric shapes to allow for advancement of the incisions. 
D: Defect following excision of the scar. E: Resulting geometric line 
following closure. (From Shockley WW. Scar revision techniques. 
Oper Tech Otolaryngol 2011;22:84-93, Figure 11, p. 91.) 


hair follicles (risk for alopecia) and proper postoperative 
nutrition (3). The proper timing for scar revision is vari- 
able, but most surgeons will allow a scar to mature for 6 to 
12 months before considering an intervention. However, 
if the scar is causing significant deformity or dysfunction, 
earlier intervention is acceptable. 

Sound postoperative wound care is also a top priority 
and should be tailored to the interventions performed. 
Proper bandaging, maintaining a moist wound environ- 
ment, and early removal (if possible) of foreign surgi- 
cal material all portend to superior aesthetic outcomes. 
Pressure dressings, intralesional injections, and topical 
therapies, when used correctly, can also lead to better over- 
all cosmesis and may limit future scar formation (2,4). 
Investigations are showing the use of lasers immediately 
after primary closure may also achieve improved scar 
prevention (16,17). Finally, the importance of thorough 
patient education and avoidance of sun exposure should 
not be overlooked. 


NONSURGICAL AND ADJUNCTIVE 
TECHNIQUES 


While surgery is the mainstay of scar camouflage, a num- 
ber of adjunctive nonsurgical interventions also exist that 
can augment and often improve the cosmetic outcome 
of a surgical intervention. These techniques can also be 
utilized as monotherapies in the correct settings. This 
section presents discussions of the various nonsurgical 
modalities. 


Section X: Facial Plastic and Reconstructive Surgery 


Intralesional Injections 


Steroids 

Steroids continue to be a mainstay in scar camouflage and 
revision. The mechanism of action is believed to lay in sup- 
pression of inflammation and mitosis, while an increase in 
vasoconstriction has also been described. Corticosteroids 
injected intralesionally have been shown to be effective in 
decreasing the elevation and erythema of scars, both as a 
prevention tactic immediately after surgical closure and as 
a primary intervention. Steroids also represent a first-line 
agent in both the prevention and treatment of Hsc and 
keloids. The agent of choice is usually triamcinolone ace- 
tonide (Kenalog). Steroid injections have been shown to 
flatten 50% to 100% of small keloids, with a 9% to 50% 
rate of recurrence. These rates improve when the intrale- 
sional injection is coupled with other modalities such as 
silicone sheeting, cryotherapy, and/or surgical excision. 
Earlier injected wounds also tend to have the best out- 
comes in terms of scar prevention. Side effects include pain 
on injection, hypopigmentation, telangiectasias, atrophy, 
ulceration, and in rare occurrences tissue necrosis. Topical 
EMLA ointment or lidocaine mixed with the steroid can be 
used to lessen pain (4,18,19). 


Agents under Investigation 

A number of additional injectable agents continue to 
be under investigation for use in scar prevention. These 
include 5-fluorouracil, bleomycin, verapamil, and inter- 
feron alfa-2A among others. These agents have been shown 
to have limited success on scar elevation, pruritus, and ery- 
thema, especially when used to treat Hsc and keloids. All 
have failed to achieve the wide spread acceptance of ste- 
roids; this is likely secondary to significant side effects and 
theoretical risks if not administered correctly (2,4,18-26). 


Resurfacing Techniques 


Laser Resurfacing 

The use of lasers in scar camouflage and treatment has been 
and remains a burgeoning area of study in recent years. 
Lasers can be used as monotherapy or as an adjunct to sur- 
gical intervention and other camouflaging procedures (1). 
Laser therapy is classified as either ablative or nonablative 
based on the absorption spectrum of the wavelength emit- 
ted and depth of penetration. Both classes of lasers play 
specific roles in scar revision and camouflage. 


Ablative Resurfacing Lasers (ARL) 

The most commonly used ablative lasers are the pulsed 
CO, laser and erbium: yttrium-aluminum-garnet laser 
(Er:YAG). The wavelengths of these lasers are primarily 
absorbed by intracellular water, causing an increase in 
thermal energy that will eventually precipitate vaporiza- 
tion. Pulsed CO, lasers are less selective in their affinity 
and create a high degree of contiguous thermal necrosis 


unless fractionated. This in turn leads to wound debulking, 
contraction, and stimulation of collagen remodeling. A 
number of studies have shown ARL to be helpful in the 
treatment of Hsc and keloids as a monotherapy, and 
improved results are often realized when used in combi- 
nation with intralesional steroid injection. Er:YAG causes 
a lesser degree of tissue necrosis than CO, lasers and may 
better target scar margins. 

Disadvantages of ablative lasers include pain, prolonged 
downtime, persistent erythema (described up to 3 months), 
hyperpigmentation, hypopigmentation, and increased risk 
for viral and bacterial infections. Er:YAG exhibits these 
effects to a lesser degree, thanks to its higher affinity for 
water and ability to be applied more precisely. Lesser down- 
times are also described when compared to CO, lasers. 
Similarly, introduction of fractionated CO, laser treatments 
have aided in decreasing the risk profile and recovery down- 
time when compared to traditional CO, lasers. 


Nonablative Resurfacing Lasers (NAR) 

Common lasers in this category are the 585-nm pulsed dye 
laser (585nm-PDL) and neodymium: yttrium-aluminum- 
garnet laser (Nd:YAG) among others. These lasers work 
on the principle of selective photothermolysis. The emit- 
ted wavelength is absorbed primarily by oxyhemoglobin 
(chromophores) in the microvasculature, which leads to 
highly selective vaporization and subsequent tissue isch- 
emia. Intracellular water is largely spared so the tissue 
necrotizing effect of ablative lasers is not observed. The 
end effect is a reduction in scar erythema, pruritus, and 
an overall leveling of the scar surface texture. Studies also 
show a desirable stimulatory effect on cell signaling that 
can increase organized collagen deposition and ECM pro- 
duction. Thus, nonablative lasers achieve success in the 
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treatment of atrophic and depressed acne scars, especially 
when the beam is dispersed into multiple microscopic 
“subbeams” and the overall treatment fractionated over a 
series of interventions. Finally, lasers in this class can be 
used to treat hyperpigmented scars (1,18,27-30). 

Disadvantages again include downtime, tissue ery- 
thema, pain, and infection risk, although all of these bear 
much less impact when compared with ablative lasers. 
Also of note, multiple therapies are often indicated to real- 
ize maximal outcomes with NAR. Additionally, all lasers 
should be used cautiously with Fitzpatrick skin types IV to 
VL, due to increased complication risks. 


Dermabrasion 

The concept behind dermabrasion is to level the skin 
while simultaneously promoting reepithelialization and 
new collagen production. This technique is typically used 
in the revision of acne scarring, facial rhytids, and rhino- 
phyma, but can also be used as an adjunctive technique 
after surgery to smooth uneven scars (Fig. 176.10). The 
goal of dermabrasion is to injure the epithelium to a pre- 
determined depth. Care is taken to extend only into the 
papillary dermis, with purposeful preservation of the 
deeper adnexal structures found in the reticular dermis. 
These serve as a later source of reepithelialization and 
migration across the abraded surface area. To determine 
proper depth, the surgeon must look for the appearance 
of punctate bleeding characteristic of the papillary dermis. 
Dermabrasion is performed with a high-speed diamond 
fraise or wire brush, and strokes must be oriented perpen- 
dicular to the direction of wheel rotation to prevent loss of 
control and allow for even resurfacing (Fig. 176.11). This 
procedure can be performed under local regional anesthe- 
sia in an office setting. 


Figure 176.10 Photograph of dermabrasion performed on patient who sustained a severe lacera- 
tion to the nose and upper lip/cheek. A: Preoperative photo 3 months after original injury and just 
prior to dermabrasion procedure. B: Three months after dermabrasion was performed to the upper 
lip/philtrum/cheek regions. The scar is less conspicuous secondary to the improved smoothness of 


edges and color match after dermabrasion. 
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Direction of 
rotation of 


Direction of movement 
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Figure 176.11 Schematic illustrating the technique of derm- 
abrasion. The direction of movement of the dermabrasion should 
be perpendicular to the rotation of the dermabrader tip. (From 
Thomas JR, Mobley SR. Scar revision and camouflage. In: Thomas JR, 
ed. Cummings otolaryngology head and neck surgery, 5th ed., 
Vol. |, Chapter 21, Figure 21-13. China: Mosby Elsevier, 2010:300.) 


Cryosurgery/Cryotherapy 

This modality entails the use of nitrous oxide and/or liq- 
uid nitrogen to damage both cells and microvasculature 
contained within the scar tissue. This in turn leads to rela- 
tive vascular stasis, cell anoxia, and necrosis. The clinical 
affect described is usually a flattening of scar elevation and 
softening of the scar fibrotic matrix. The latter effect also 
may assist a surgeon hoping to soften dense scar tissue 
prior to an intralesional injection or partial excision. Used 
as a monotherapy, satisfactory improvement has been 
described in the treatment of keloid and Hsc when used 
over multiple sessions. In a related technique, cryoneedle 
probes may also be inserted intralesionally to achieve scar 
volume reduction (31). Side effects of cryotherapy include 
tissue edema, atrophy, and risk for hyperpigmentation or 
hypopigmentation. The latter two are of special concern in 
patients with darker pigmented skin types (2-4,32,33). 


Direct Camouflage 


Intralesional Fillers 

Injectable soft tissue fillers are also well known and impor- 
tant in the treatment of atrophic scars (34). Types of avail- 
able fillers include autologous tissue (fat), allogeneic tissue, 
xenographic materials, and synthetic materials. Caution 
must be used when injecting permanent filler products 
in the superficial layers of the dermis and subcutaneous 
tissues because this may elicit an inflammatory response 
leading to superficial skin changes and granuloma forma- 
tion. Such secondary complications may negate the origi- 
nal goal of scar camouflage. 


Surgical Tattooing (Dermatography) 

Surgical tattooing is a sometimes overlooked modality 
for the camouflage of aesthetically displeasing scars and 
can be especially useful in hypopigmented scars and scars 


Section X: Facial Plastic and Reconstructive Surgery 


involving areas of alopecia (i.e., over the eyebrow). Used 
in adjunct with other procedures, an improved overall out- 
come can usually be achieved. Risks are generally limited 
to pain and slight risk of infection (35). 


Topical Cosmetics 

Having gained widespread acceptance in the general pub- 
lic, use of cosmetics is logical and effective in certain cam- 
ouflage scenarios. Best outcomes may be realized when 
used on hypo- or hyperpigmented scars to blend color 
tone to surrounding skin. Cosmetics can also be partially 
successful in leveling atrophic scars and the depressions 
left by severe acne. 


Topical Agents 


Moist Wound Dressings 

Key in postoperative wound care, a moist wound envi- 
ronment has repeatedly been shown to improve wound 
healing and overall aesthetic outcomes. It is thought that 
maintaining a moist environment assists in keratinocyte 
and epithelial migration from adnexal structures and the 
epidermal margins of the wound. Dressings of this type 
can be achieved in a number of ways, but dressings impreg- 
nated with Vaseline or petroleum-based products are prob- 
ably the most practical and cost-effective. 


Silicone (Gels, Sheets) 

A variety of silicone-based products exist on the market 
for scar treatment and camouflage including sheets, strips, 
gels, sprays, and foams. Of these, silicone impregnated elas- 
tic sheeting is probably the most extensively studied and 
has been shown to achieve variable levels of success. The 
proposed mechanism is occlusion of the wound, which 
increases temperature, keratinocyte hydration, and oxygen 
tension inside the forming scar. This in turn seems to lead 
to the scar softening and flattening. In concept, this is very 
similar to the mechanism of action of a pressure dress- 
ing. The best studied effects have been in the treatment/ 
prevention of Hsc and keloids. One review also shows sili- 
cone to have increased efficacy when used in combination 
with other modalities such as intralesional steroid injec- 
tions and surgical excision. Side effects are limited, but 
this agent should be avoided on open wounds and can 
be expensive. It also requires a very motivated, compliant 
patient, as the elastomer sheets must remain occlusive for 
at least 12 hours daily and for prolonged periods of up to 
4 to 6 months to be effective (2,4,36,37). 


Vitamin E 

A popular agent in the treatment of acute and chronic 
dermal wounds, the effect of vitamin E is thought to be 
mediated by its antioxidant effects. The desired effect is to 
reduce wound inflammation and thus limit excessive scar 
tissue formation during the proliferative and remodeling 


phases. Research supporting efficacy of topical vitamin E, 
however, is relatively scant considering its popularity and 
has shown it to be no more effective in reduction of scar 
elevation, color, or appearance than other topical emol- 
lients. One important side effect is that vitamin E may 
reduce the tensile strength of a scar, which should be kept 
in consideration when planning for high-tension closures 
(3,4,38). Additionally, unacceptably high levels of contact 
dermatitis have been reported with vitamin E use. 


Onion Extract (Mederma) 

This is a very popular agent that has come under recent 
scrutiny. The active ingredient of this compound is Allium 
cepa, an onion extract whose derivative is a bioflavonoid 
called quercetin. Marketed as Mederma, this compound 
has demonstrated antiproliferative, antiinflammatory, and 
antihistaminergic effects thought to be effective in decreas- 
ing wound erythema, elevation, and pruritus. However, 
multiple studies have now demonstrated no statistically 
significant improvements regarding these parameters when 
compared with simple petroleum-based ointments (3,39). 
Similar to vitamin E topicals, contact dermatitis is a poten- 
tial adverse effect. 


Imiquimod 5% Cream 

Part of a class of drugs called imidazoquinolines, this 
agent has been thought to work through immune response 
modulation by inducing production of a number of cyto- 
kines such as IFN alfa, IFN gamma, TNF alfa, and a num- 
ber of interleukins. IFN alfa and gamma, in turn, have 
been shown to inhibit fibroblast collagen production in a 
dose-dependent fashion. Imiquimod has best been studied 
in the treatment and prevention of keloids and Hsc. It is 
applied postsurgically on alternate nights for 8 weeks and 
shows best results in low skin tension areas. One area of 
particular success is use on earlobes after surgical excision 
of keloids. Side effects include topical irritation and hyper- 
pigmentation (2,4,40). 


Other Interventions 

Additional modalities described in less detail, or with less 
orientation to scar treatment and camouflage, include topi- 
cal retinoids (tretinoin), tacrolimus, cyclosporin A, and 
mitomycin C. These agents have produced mixed results 
at best and portend to side effects such as photosensitivity, 
irritant contact dermatitis, hypertrichosis (cyclosporine), 
and skin atrophy. 


Pressure Dressings 

The utility of pressure dressings should not be overlooked. 
In concept similar to silicone dressings, mechanism is 
thought to be through occlusion of the wound. Studies 
have shown that pressure dressings are especially effec- 
tive for preventing the recurrence of keloids and Hsc after 
excision. 
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m Characteristics of an ideal scar include the follow- 
ing: thin width, surface is flush with surrounding 
skin, color matches surrounding skin, and the axis 
of the scar runs parallel with RSTLs or along aes- 
thetic subunits. 

m Transposition (Z-plasty) and advancement (W-plasty 
and GBLC) flaps are the most common types of 
local flap techniques employed for scar camouflage. 

= Goals of Z-plasty include the following: to lengthen 
a scar, to release a contracture, to disrupt a scar, or to 
realign a scar within an RSTL. 

m= Although a thin scar is ideal, if long and straight, it 
may continue to be conspicuous and require irregu- 
larization. 

m GBLC is the superior technique for irregularizing 
long and straight scars but is technically more chal- 
lenging and time consuming when compared to 
Z-plasty and W-plasty techniques. 

m Corticosteroids injected intralesionally have been 
shown to be effective in decreasing the elevation 
and erythema of scars, both as a prevention tactic 
immediately after surgical closure and as a primary 
intervention. 

m= Popular resurfacing techniques utilized for scar 
camouflage include dermabrasion, laser therapy, 
and cryotherapy. 

m Resurfacing techniques extend to the depth of the 
papillary dermis and must preserve the deeper 
adnexal structures for proper wound healing and 
reepithelialization. 

m= Wounds epithelialize most quickly in a moist envi- 
ronment. 

= Importance of thorough patient education on 
wound care and avoidance of sun exposure should 
not be underestimated. 
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Nasal Reconstruction 


Nasal reconstruction has evolved significantly from early, 
rudimentary attempts to provide covering for large nasal 
defects. In contemporary nasal reconstruction, surgeons 
combine a mastery of aesthetics and surgical techniques, 
to create a nose that is visually inconspicuous and func- 
tionally stable. This is expected to hold up throughout 
the life of the patient. Ancient methods focused on using 
soft tissue to fill the cavity, with little regard for structural 
framework, internal lining, intranasal airspace, and intrin- 
sic contours. Nasal reconstruction in the 21st century has 
raised the bar to a level where the new nose may go unno- 
ticed by the casual observer, nasal function returns to the 
baseline, and the patient integrates back into society with- 
out undue self-consciousness. 


The history of nasal reconstruction dates back to antiquity 
when, during the fourth Egyptian dynasty (2575-2467 sc), 
prostheses were molded for the deceased, because “only 
those without physical disfigurement would enter the 
Kingdom of Osiris” (1). Reconstruction came into greater 
demand with the rise of nasal mutilation as a common 
form of humiliation or punishment. Around 1500 sc, 
when Prince Lakshmana of India deliberately amputated 
the nose of Lady Surpunakha, King Ravana arranged for 
the reconstruction of Lady Surpanakha’s nose by his physi- 
cians, documenting one of the earliest accounts of nasal 
restoration in human history (2,3). Sushruta Samhita, an 
ancient Indian Sanskrit written during the Vedic period 
(GO0-1000 bc), describes nasal reconstruction as performed 
by a caste of Indian potters, using cheek tissue to cover the 
nasal defect (4). Early descriptions of using forehead tissue 
to repair a nasal defect exist in writings by the Kangiara 
family from 1440 ap (5). Despite the long history with this 
type of reconstruction, very little international exchange 
occurred because of the lack of maritime commerce and 
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little communication between Europe and Asia during that 
period. In the 16th century, Gusparo Tagliacozzi described 
his success with a two-staged method of nasal reconstruc- 
tion using a pedicled, cutaneous flap from the upper 
arm, based on the brachial vessels. This was followed by 
attempts with pedicled flaps from other individuals, espe- 
cially slaves. Outcomes were obviously discouraging, and 
further progression was shortly abandoned. 

In 1794, the first description of the Indian forehead flap 
in the English language was published in the Madras Gazette 
and later reproduced in Gentleman's Magazine (G). Joseph 
Carpue (7), an English general surgeon, is credited with the 
introduction of this forehead flap to the Western world when 
he described his experience with two successful “Indian 
forehead flaps” for nasal reconstruction. Subsequently, 
the classic forehead flap for nasal reconstruction became 
widespread throughout the globe and defined the standard 
method of repair during the early 19th century. This “clas- 
sic” Indian median forehead flap was based on bilateral 
supratrochlear arteries with a wide pedicle that could not 
extend beyond the level of the brows. The wide base limited 
the rotation and length of the forehead flap. This limitation 
became more evident when it was recognized that intranasal 
lining left to heal by second intention resulted in significant 
distortion, contracture, and nasal obstruction. This restricted 
design could not be designed to line the intranasal defect. 

Pedicled flaps moved slowly to the United States; the 
first American reports of forehead flaps for nasal recon- 
structions are from the 1940s (8,9). These early flaps were 
traditional “median” forehead flaps with wide pedicle 
bases capturing both supratrochlear vessels. Kazanjian and 
Converse believed that the paired arteries were needed 
to adequately perfuse the forehead flap. Because of the 
limited length of this early median forehead flap, many 
variations were described, largely aimed at mobilizing 
more tissue with greater flap length: “Gillies’ up-and-down 
flap” (10), “New’s sickle flap” (11), “Converse’s scalping 
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flap” (12), and the “Washio flap” (13). In spite of the vari- 
ety of flaps attempted, none have stood the test of time pri- 
marily because of the poor quality of scalp skin in contrast 
to forehead skin and the significant donor site morbidity. 
Millard repopularized the paramedian flap with a 
“seagull” design for resurfacing the nose (14-17). The 
primary advantage of this paramedian flap was the nar- 
row pedicle base, which allowed for an improved arc of 
rotation. The inferior reach of the flap could be further 
extended by basing the pedicle below the level of the brow. 
This design created less narrowing of the brows in contrast 
to the original “median” forehead flap. Millard also noted 
that the supratrochlear artery traveled in a plane between 
the skin and frontalis muscle, and, consequently, the fron- 
talis muscle could be selectively trimmed off the under- 
surface of the flap without jeopardizing flap vascularity. 
Gary Burget and Fred Menick (18) have since refined these 
concepts of the paramedian forehead flap design and have 
brought nasal reconstruction to its higher standards. 


ETIOLOGY OF NASAL DEFECTS 


Defects of the nose arise from a large array of causes, and, 
on many occasions, it is worthwhile to consider the specific 
etiology as it may impact the method of repair. The nose 
is the most common site for de novo cutaneous malignan- 
cies. Basal cell carcinomas predominate, and there are his- 
tologic subtypes with varying degrees of aggressiveness. The 
nodular subtype is most common, as characterized by a cir- 
cumscribed growth pattern, and carries the most favorable 
prognosis. Aggressive histologic subtypes, such as the mor- 
pheaform or infiltrating, can develop small nest patterns 
and are more likely to involve the internal lining or to recur 
following surgical excision. These latter subtypes are best 
treated with Mohs surgery. Squamous cell carcinoma is the 
second most common type and also behaves aggressively, 
with a greater incidence of regional metastasis. Melanoma 
is the most serious skin tumor, warranting an aggressive 
surgical intervention. Recurrent skin tumors or tumors that 
have been previously irradiated have a less predictable vas- 
cular anatomy, which may impact flap design and closure 
options. Vascular and adnexal tumors of the nose are less 
common but often require more aggressive treatment plans. 
Sharp and blunt trauma to the nose, such as from motor 
vehicle accidents, can lead to nasal defects with associated 
variables for consideration. Animal or human bites are 
grossly contaminated, and a delay in repair is often advo- 
cated. This dogma arises from experience with extremity 
injuries; however, the face is characterized by such a robust 
vascularity that immediate repair will often be successful. 


NASAL ANATOMY 


A firm understanding of the normal nasal anatomy is a 
prerequisite for mastery of nasal reconstruction. The bio- 
mechanics of covering flaps, the importance of a firm 
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framework, and the anatomic basis for internal lining 
repair are imperative concepts as one proceeds through the 
algorithm of reparative options. 

The external nasal skin is variable at different areas of the 
nose, being thick at the nasion and tip and extremely thin 
along the rhinion. The thin epithelial sleeve along the alar 
rim and nasal facets makes these areas especially vulnera- 
ble to notching and contour irregularities following recon- 
struction. 

There are four layers of soft tissue between the skin and 
the nasal skeleton—the superficial fatty panniculus, fibro- 
muscular layer, deep fatty layer, and, finally, the perios- 
teum or perichondrium. The superficial fatty panniculus is 
located immediately below the skin and consists of adipose 
tissue with interlacing vertical fibrous septi coursing from 
the deep dermis to the underlying fibromuscular layer. The 
fibromuscular layer contains the intrinsic nasal muscula- 
ture and the nasal superficial musculoaponeurotic system 
(SMAS), which is a continuation of the facial aponeurotic 
system. The deep fatty layer located between the SMAS and 
the thin covering of the nasal skeleton contains the major 
superficial blood vessels and nerves. The periosteum of the 
nasal bones extends over the upper lateral cartilages and 
fuses with the periosteum of the piriform process laterally 
(19). Perichondrium covers the nasal cartilages, and dense 
fibrous interconnections can be found between the paired 
tip cartilages. Between the framework and the deep fatty 
layer is a plane of loose areolar tissue that is free of fibrous 
septa, making it an ideal plane for dissection and elevation 
of the soft tissue envelope. 

The nasal musculature of the nose is well defined, with 
greatest activity along the junction of the upper lateral and 
alar cartilages (20). This allows for muscular dilation and 
stenting of the functionally critical nasal valve area. All 
nasal musculature is innervated by the zygomatic division 
of the facial nerve (21). 

The nasal blood supply is via a predictable and consis- 
tent network of named vessels through both the internal 
and external carotid systems. The angular artery branches 
from the facial artery and is a discrete landmark along the 
nasofacial junction. Feeder vessels off the angular artery 
perforate the levator labii superioris and provide the vas- 
cular basis for the design of melolabial flaps. A medial 
branch off the angular artery, the lateral nasal artery, sup- 
plies the lateral surface of the caudal nose. This lateral 
nasal artery courses in the sulcus between the ala and 
nasal sidewall and is covered by the levator labii superi- 
oris alaeque nasi. It arborizes multiple times to enter the 
subdermal plexus covering the nostril and cheek and is the 
anatomic basis for many small local flaps within the lat- 
eral nasal wall, for example, bilobe flaps. The dorsal nasal 
artery, a branch of the ophthalmic artery, pierces the orbital 
septum above the medial palpebral ligament and travels 
inferiorly along the side of the nose to anastomose with 
the lateral nasal artery. The dorsal nasal artery provides a 
rich axial blood supply to the dorsal nasal skin and serves 


as the main arterial contributor to dorsal nasal flaps. The 
columella and tip are supplied by the paired columellar 
arteries, branches of the superior labial artery. The external 
nasal branch of the anterior ethmoidal artery, a branch of 
the ophthalmic artery, pierces bone on the medial wall of 
the orbit at the point where the lamina papyracea of the 
ethmoid bone articulates with the orbital portion of the 
frontal bone (frontoethmoid suture). The vessel enters 
the ethmoid sinuses to supply the mucosa and sends 
branches to the superior aspect of the nasal cavity. The 
external nasal branch of the anterior ethmoidal artery 
emerges between the nasal bone and the upper lateral car- 
tilage to supply the skin covering the nasal dorsum and tip. 
The venous drainage of the external nose is through corre- 
sponding vessels, leading into the facial vein, the pterygoid 
plexus, and the valveless ophthalmic veins. 

The intranasal mucosa has a similar number of named 
vessels, and they are critical when designing mucosal flaps 
for full-thickness nasal defects. The septal branch of the 
superior labial artery is a dominant feeder to the septal 
mucosa. In fact, a flap of the entire septal mucosa, back 
to the sphenoid sinus, can be based on this single vessel. 
The anterior and posterior ethmoidal vessels supply the 
superior portion of the septum. Terminal branches of the 
anterior ethmoidal artery cover the dorsal nasal septum, a 
critical region for the swinging, composite septal flaps used 
for internal lining and structure. Terminal branches of the 
sphenopalatine artery supply the posterior septum and pos- 
terior lateral nasal wall. The vasculature of the internal nose 
is the anatomic basis for complex nasal reconstruction. 

The sensory nerve to the nasal skin is via the ophthalmic 
and maxillary divisions of the fifth cranial nerve. Branches 
of the supratrochlear and infratrochlear nerves supply the 
skin covering the radix, rhinion, and cephalic portion of 
the nasal sidewalls. The external nasal branch of the ante- 
rior ethmoidal nerve supplies the skin over the caudal 
half of the nose. The infraorbital nerve provides sensory 
branches to the skin of the lateral aspect of the nose. 

The structural framework of the nose is composed of the 
paired nasal bones to the upper third, the nasal septum 
and upper lateral cartilages to the middle vault, and the 
paired lower lateral cartilages within the nasal tip. Dorsal 
support to the middle vault is primarily achieved through 
the rigidity of the cartilaginous septum and, to a lesser 
extent, the paired upper lateral cartilages. Their fusion at 
the midline is important clinically because of the tendency 
for the upper lateral cartilages to progressively contract 
intranasally and lead to obstruction. If a disarticulation 
between the septum and upper lateral cartilages occurs, the 
middle vault should be diligently reconstructed. 

The tip is supported by the overall size and strength of 
the lower lateral cartilages, their ligamentous attachments 
to the caudal septum, the scroll with the upper lateral 
cartilages, and the adherence to the overlying soft tissue. 
Each lower lateral cartilage is subdivided into the medial, 
intermediate, and lateral crura. The shape, length, and 
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angulation of the intermediate crura determine the exter- 
nal morphology of the tip lobule and the position of the 
tip-defining point. Disruption or weakening of the lateral 
crus predisposes to alar retraction and notching, an impor- 
tant consideration in nasal reconstruction when these 
structures may have been compromised. Laterally, small 
sesamoid cartilages are interconnected by a dense, fibrous 
connective tissue. 

The alar lobule and nasal sidewall is a functionally pivotal 
area of the nose that is not often highlighted during rhino- 
plasty discussions but has a critical role during reconstructive 
surgery. This keystone region is located between the lateral 
border of the lower lateral cartilage and the bony piriform 
aperture. Externally, it corresponds to the supra-alar crease 
and is the most common location for a clinically significant, 
dynamic valve collapse. Beneath the skin, the area consists 
of a firm, fibrous-fatty aponeurosis, an occasional sesamoid 
cartilage, and a portion of the transverse nasalis muscle. 
Typically, this histologic architecture provides sufficient rigid- 
ity to prevent collapse during inspiration. If compromised, 
nasal function will be impaired unless it is aggressively 
restored with liberal grafting in a nonanatomic fashion. The 
internal nasal valve is a distinct area defined by the dorsal sep- 
tum medially, upper lateral cartilage superolaterally, and the 
head of the inferior turbinate inferomedially. The external 
nasal valve is the cross-sectional area under the alar lobule 
proper. It does not entirely correlate with the lateral crus of 
the lower lateral cartilages. The alar rim does not have carti- 
lage within it, and collapse or notching can readily occur. To 
avoid this, structural grafts to the alar rim are often needed. 
The junction between the ala and cheek forms an acute 
angle and is difficult to reconstruct; most repairs heal with 
gradual effacement of that alar—facial angle and may become 
increasingly conspicuous. If at all possible, one should try to 
preserve the alar—facial junction and keep incisions slightly 
onto the nose. The limen vestibuli is the junction between the 
internal nasal lining and the stratified squamous epithelium 
of the nose. It does not lie at the caudalmost border of the 
alar lobule but rather slightly intranasally, within the vesti- 
bule. Reconstruction of full-thickness defects of the alar rim 
should keep this in mind and allow the resurfacing flap to 
roll inward before suturing to the internal lining flap. 

There is a bony piriform platform that surrounds the nose, 
and its role in tissue support is often poorly appreciated. 
The nasal sill, anterior nasal spine, and medial maxilla 
(including the frontal process of the maxilla) provide an 
essential platform for the nose, and resection of these 
structures will require a separate repair, such as with a split 
calvarial bone graft. Failure to rebuild this platform will 
often result in a soft tissue collapse and facial asymmetry. 


DEFECT ANALYSIS 


Analyzing a given defect and arriving at the ideal method 
of repair is a challenging and rewarding exercise. On occa- 
sion, the “correct” flap will be intuitive, as it appears to 
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define itself. At other times, it can be a creative dilemma 
as one struggles to visualize the incisions, flap transfer, sur- 
rounding vectors of tension, and final scars. This mental 
challenge requires a dynamic, three-dimensional image of 
the nasal repair. At times, it is worthwhile to have a struc- 
tured algorithm for defect analysis. Although it does not 
necessarily define the ideal flap, it can be very useful in 
avoiding errors in design. In particular, the line of ques- 
tioning can guide one away from creating disfiguring mis- 
takes such as eyelid retraction or an unnatural hairline. 
Once flaps are elevated and transposition is attempted, the 
reconstruction is committed; this is clearly not the time to 
discover a gross design flaw. 

For every cutaneous defect, there are six questions that 
are reviewed prior to the first incision (Table 177.1): 


1. Immobile structures. What surrounding landmarks must 
not come under any tension during flap transposition, 
such as the eyelid, alar margin, or upper lip? It does 
not necessarily mean that tissue cannot be recruited 
from that region but rather, adequate structure must 
be available in the area to fully support the adjacent 
flap. A common example is a cheek flap that risks 
lower-eyelid retraction and is vertically supported with 
anchors to the infraorbital rim. For the nose, there are 
three “immobile structures”: the alar rim, nasal base 
symmetry, and lateral nasal wall. The immobility of 
the lateral nasal wall is a unique concept. Most flaps 
are thought of in two dimensions. The nose, as a three- 
dimensional structure, has an important lumen. The 
additional vector of tension is in this third dimension, 
perpendicular to the cutaneous plane. Local flaps tend 
to create a force perpendicular to the plane of rotation, 
leading to sidewall collapse and functional compro- 
mise. Recognition of this concept allows one to plan 
the reconstruction with prophylactic support grafts. 

2. Area of recruitment. Given which surrounding areas are 
“immobile,” from where can tissue be recruited with- 
out distorting those areas? Also, in what direction do 
the lines of maximal extensibility exist and how can the 
flap be designed to slide parallel with them? 

3. Facial lines. There are numerous descriptions of facial 
lines that can assist with flap selection and design. 
Langer lines were first described by Langer (19) in 
1861 as a recommendation for orienting elliptical 


TABLE 
177.1 DEFECT ANALYSIS 


1. Immobile structures 
2. Area of recruitment 
3. Facial lines 

4. Resultant scars 

5. Nasal function 

6. Depth 
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skin excisions. Circular defects in postmortem patients 
became elliptical as rigor mortis ensued, and these lines 
were mapped throughout the body. Clinical practice 
has shown that these lines do not always orient along 
lines for optimal healing. Relaxed skin tension lines 
(RSTLs) more accurately reflect the intrinsic tension 
within the dermis while at rest. Wounds heal under less 
tension when oriented along them, and they can usu- 
ally assist with flap design. Lines of minimal tension 
(also known as skin creases) are defined by the repeated 
contraction of the underlying muscle as they perma- 
nently orient elastin and collagen fibers within the der- 
mis. These lines usually run parallel with the RSTLs, but 
the supratip, glabella, and lateral canthal regions are in 
conflict. It is usually recommended to incise along lines 
of minimal tension rather than RSTLs. 


The other “facial lines” that exist in the face are those cre- 
ated by the borders of aesthetic units and the subunits of 
the nose. The principle of aesthetic units is based on the 
fact that the human eye can only perceive things as a series 
of block images, thus our inability to scan a horizon with- 
out a saccadic motion. The face, or nose, is visualized as a 
discrete set of block images that are put together subcon- 
sciously and interpreted as a single image. These images are 
defined by predictable reflections of light, natural creases, 
and undulations in cutaneous topography. The nose has 
subunits defined as the nasal tip, dorsum, columella, 
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Figure 177.1 Nasal aesthetic subunits. 


paired ala, sidewalls, and soft tissue facets (Fig. 177.1). 
Scars that are strategically placed at the border of two units 
will be less conspicuous than those resting within one. In 
order to achieve this, one usually has to modify the size/ 
shape of the original cutaneous defect. The aesthetic sub- 
units may require modifications with some patient groups 
who have other unique nasal characteristics. At times, a 
patient may have a significant transition from one skin 
type to another within the nose, such as individuals with 
rosacea or a rhinophyma (20). 


4. Resultant scars. One should anticipate the final scars for 
each proposed flap and how they relate to preexisting 
facial lines. At times, this exercise is not intuitive, such 
as the resultant scars of a rhombic flap. This question 
forces the surgeon to try different orientations of flap 
design that might yield more favorable scars while 
still abiding by the previous tenets of immobile struc- 
tures and area of recruitment. 

5. Function. During the defect analysis, one of the essen- 
tial considerations is the location in terms of function 
and potential lateral wall collapse. A cutaneous defect 
involving the critical area along the supra-alar crease 
will place the nasal airway at jeopardy even if the origi- 
nal defect does not violate native cartilage. This critical 
“red zone” must alert the reconstructive surgeon of the 
need for structural reinforcement in the form of carti- 
lage grafting. Anatomically, it corresponds to the fibro- 
areolar tissue immediately lateral to the lateral crus of 
the lower lateral cartilage and is distinct from the pre- 
cise internal and external nasal valves. Similarly sized 
defects along the dorsum or upper third do not have 
the associated functional concerns. 

6. Depth. Assessing the depth of the nasal defect is impor- 
tant to determine if any structural cartilage or bone is 
missing and to explore the internal nasal lining. Any 
violation of the intranasal mucosa must be recognized 
preoperatively, as it will alter the reconstructive plan 
significantly; all missing lining must be meticulously 
repaired prior to grafting and resurfacing. Failure to do 
so will risk contracture, lumen stenosis, graft exposure 
and resorption, and alar notching. 


SMALL CUTANEOUS DEFECTS 


Cutaneous defects of the nose can be found in a variety 
of sizes, depths, and shapes. Intuitively, the smaller ones 
should be more straightforward in terms of repair, but that 
is often not the case. Whereas large defects have a limited 
number of options, those less than 1.5 cm can be repaired 
with an array of flaps and grafts, often creating a greater 
intellectual challenge. Furthermore, patient expectations 
are generally higher with small lesions, and even small 
irregularities that often plague these repairs can be prob- 
lematic, such as alar base asymmetry, notching, conspicu- 
ous scars, pincushioning, or valve collapse. 
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Pertinent Anatomy 


Nasal topography during reconstruction is often discussed 
in terms of aesthetic subunits, but since smaller defects fre- 
quently involve only small portions of an individual site, it 
is more practical to discuss the defect in terms of the upper, 
middle, and lower thirds of the nose. The upper third has 
relatively thin skin except for the nasion region, where the 
subcutaneous tissue is much more prominent. The lateral 
borders are adjacent to the medial canthus and represent 
immobile regions that cannot be distorted, especially from 
contracture during second-intention healing. The area of 
recruitment is primarily from the glabella and, to a lesser 
extent, from the nasal dorsum. There is little functional 
concern with defects in this zone. 

The middle third of the nose has skin that is thin medially 
but thicker laterally. Whereas the upper lateral cartilages 
support the medial portion of this zone, the lateral aspect 
has support only from fibroareolar tissue without native 
cartilage. Tissue can be recruited from multiple directions, 
but any vertical vector must be minimal, as ala or tip eleva- 
tion can quickly occur. Functional implications are impor- 
tant along the lateral aspect of the middle vault, even if no 
native cartilage has been violated. The lateral nasal artery is 
found immediately cephalad to the supra-alar crease and is 
the basis for many local flaps of the nose. 

The lower third of the nose consists of the nasal tip, alar 
lobule, columella, and soft tissue triangle. The skin is typi- 
cally thicker and more sebaceous, leading to less favorable 
wound healing. Most defects of this region are repaired 
with tissue recruited from the middle vault, but great care 
must go into flap design and the subsequent vectors of ten- 
sion. This zone is significant for its free alar margin and the 
fact that small degrees of wound contracture may lead to 
retraction and gross alar base asymmetries. The supra-alar 
crease and alar-facial junction are important natural land- 
marks that should be preserved or recreated. The alar lobule 
proper does not contain native cartilage, and disruption 
to this area predisposes to a dynamic external nasal valve 
collapse. Consequently, nonanatomic cartilage grafting is 
essential to prevent alar rim retraction and collapse. 


SELECTION OF GRAFTS AND FLAPS 


At times, the simplest method of repair is also the preferred 
one in terms of optimal aesthetic results. Second-intention 
healing, skin and composite grafts, and local flaps all enter 
the algorithm for repair of such defects, and proper selec- 
tion becomes the cornerstone for a successful outcome 
(Table 177.2) (21). Individuals with a large nose, promi- 
nent hump, or broad nasal tip can have their nose reduced 
slightly, and it will not only create more tissue for recruit- 
ment but also reduce the relative size of the defect. The use 
of common aesthetic rhinoplasty maneuvers in the set- 
ting of nasal reconstruction can be a powerful tool. Hump 
reduction, cephalic trim, tip sutures, etc., all can have great 
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COMMON RECONSTRUCTIVE 
OPTIONS FOR SMALL CUTANEOUS 
DEFECTS 


TABLE 


177.2 


Upper 1/3 . Local transposition flaps 
. Full-thickness skin graft 


. Second intention 


= Wh 


Middle 1/3 . Primary closure (midline or 


paramedian) 
2. Full-thickness skin graft 

(in combination with #1 above) 
3. Bilobe transposition flap 
4. Single-stage forehead flap 


Lower 1/3 1. Primary closure (midline, 


broad tip; with/without FTSG) 

2. Bilobe transposition flap 

3. Composite graft (alar rim, 
columella) 

4. Interpolated melolabial flap 
(ala, columella; with cartilage 
graft) 


utility with medium size nasal defects. For many defects, 
this maneuver can allow the transition from a more com- 
plex repair to a simpler one with local flaps or grafts. 


Upper Third 


Smaller defects in this zone are readily repaired with either 
a full-thickness skin graft or by second-intention healing. 
Those larger than 1.5 cm can be resurfaced with a slid- 
ing glabellar or Rieger flap (22). Other transposition flaps 
recruited from the forehead and middle third of the nose 
are less common alternatives. 


Middle Third 


Small midline defects are often amenable to primary clo- 
sure with wide undermining and recruitment from lateral 
nasal tissue; this often represents the first option for opti- 
mal repair. It will leave a vertically oriented central scar 
with tension evenly distributed, thus maintaining nasal 
symmetry. Many times, a medium-sized defect in the mid- 
line can be converted to a small defect with partial closure 
through bilateral advancement flaps, leaving a residual 
defect in the midline. The remainder can be resurfaced 
with a full-thickness skin graft, harvested from the stand- 
ing cutaneous deformities of the primary closure. This skin 
is ideally suited for this because of the excellent color/tex- 
ture match and lack of donor site morbidity. Small trans- 
position flaps (rhombic, bilobe, rotation) are frequently 
utilized and represent another workhorse repair for this 
region. Skin grafts can blend in well with the thin skin 
of this zone, but even small contour depressions are dif- 
ficult to disguise, as their shadows often remain conspicu- 
ous. If a cartilage graft is needed along the lateral wall, a 
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vascularized resurfacing flap is needed. Those larger than 
1.5 cm often require a more elaborate flap. 


Lower Third 


Precise midline defects are ideally suited for primary clo- 
sure, particularly when the premorbid nasal tip is somewhat 
bulbous and can afford to be narrowed. Like the middle 
vault, partial closure with skin grafting from the standing 
cutaneous deformity is a useful technique. A bilobe flap 
is often utilized for defects of the nasal tip, allowing the 
tension to be distributed more widely and at an adequate 
distance from the free alar margin. The alar lobule is often 
repaired with composite grafts, restoring structure and cov- 
ering simultaneously. Smaller defects limited to the supra- 
alar crease can do well through second-intention healing, 
but moderately sized defects will jeopardize nasal patency. 
The single-stage melolabial flap can also be used; however, 
the supra-alar crease is often obliterated and asymme- 
try can result if the contralateral supra-alar crease is deep 
and prominent. A two-stage, interpolated melolabial flap 
is preferable for larger defects of the alar lobule, especially 
when cartilage grafts have been placed and the aesthetic 
unit completed. Small, full-thickness defects involving the 
alar margin are best repaired with a three-layered composite 
graft from the ear, whereas larger ones require a multilay- 
ered reconstruction involving the internal lining, structural 
framework, and resurfacing. The columella is characterized 
by a very narrow column of thin skin and lends itself well 
to small composite and skin grafts. For larger columellar 
defects, structural grafting along with a pedicled melolabial 
flap is most often used. The soft tissue triangle defect is ide- 
ally restored by allowing second-intention healing to occur 
with a natural-appearing web. 


TECHNIQUES FOR GRAFTS AND FLAPS 


Second-Intention Healing 


Local wound care is the most important aspect when select- 
ing this method of repair. Keeping the wound bed moist 
and preventing the development of a dry eschar will encour- 
age the most prompt and favorable healing. Cytotoxic 
agents, especially hydrogen peroxide, should be avoided. 
A guiding suture can be employed in a similar fashion to 
the purse-string closures used for large defects on the scalp 
and face. This guiding suture partially closes a small defect 
and allows the remainder to heal secondarily. The greatest 
utility of this suture is for small defects along the alar rim. 
The suture can be placed horizontally, thus converting the 
circular defect into a vertical elliptical shape, which resists 
the vertical contracture that will ensue. The suture itself will 
often notch the alar rim inferiorly slightly, but it contracts 
to anormal position during healing. The suture is removed 
after 2 to 3 weeks. This technique will allow more defects to 
be managed in a conservative fashion. 


Skin and Composite Grafts 


Superficial defects can be immediately repaired with 
full-thickness skin grafts and perform well (Table 177.3). 
For deeper defects, or those exposing bare cartilage, it 
may be prudent to delay the repair for 10 days allowing a 
layer of granulation tissue to accumulate within the recipi- 
ent bed. This enhances vascularity and fills in the depres- 
sion, thereby improving surface contour. The defect shape 
is modified, in order to create straight lines with square 
comers, rather than leaving a circular defect. The entire 
aesthetic subunit is not necessarily completed. Wound 
margins are beveled toward the center of the defect in order 
to smooth the transition between graft and the native nasal 
skin. Skin grafts can be harvested from the supraclavicular 
fossa, periauricular skin, and melolabial area. Graft thick- 
ness is modified following harvest to best match the sur- 
rounding skin texture, especially along the nasal tip, where 
thicker skin is found. Small “pie crusts” can be cut into the 
graft to allow the egress of serous fluid, recognizing that 
these perforations often become discolored and remain 
noticeable. A bolster dressing is rarely needed on the nose 
as long as small tacking sutures are placed to maintain 
close apposition between the graft and recipient bed. 

A two- or three-layered composite graft is usually taken 
from the ear—either the root of the helix, the conchal 
bowl, or the triangular fossa. Anterior auricular skin is 
tightly adhered to auricular cartilage and has a good suc- 
cess rate. The shape of the cartilage is usually concave 
toward the skin, and although this shape can be unfa- 
vorable for external resurfacing, it is ideal for internal 
lining. The auricular donor site is closed primarily with 
little distortion. Excising cartilage from the apices of the 
donor site can avoid the “cookie bite” deformity to the 
ear. The composite graft must be securely attached to the 
nose, often with through-and-through sutures or a small 
bolster. These grafts are ideally suited for defects along 
the alar rim and columella (Fig. 177.2). Many composite 
grafts will appear moderately dusky for a week but will 
usually recover during the ensuing days. Larger grafts may 
undergo a degree of epidermolysis, which will lead to a 
less favorable color and texture match. Three-layered com- 
posite grafts are kept less than 1.5 cm because the sole 
blood supply is from the peripheral margin. Two-layered 


L533) PEARLS FOR SKIN AND 
sae) COMPOSITE GRAFTS 


. Consider delay for granulation tissue. 

. Square wound borders. 

. Bevel edges toward defect. 

. Minimize “pie crusts.” 

. Small perforations through cartilage for larger composite grafts 
can help. 

6. No dead space—consider a bolster or tacking sutures. 
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composite grafts, on the other hand, can be designed 
larger because the nourishing bed is the entire surface 
area of the graft. When utilizing these larger, two-layered 
composite grafts, one can excise several small, 2-mm 
punch holes through the cartilage only, taking care not 
to puncture the overlying skin. These small perforations 
will allow granulation tissue to penetrate the cartilage and 
nourish the epithelial covering. 


Primary Closure 


Primary closure with wide undermining is an excellent 
option for many small cutaneous nasal defects, especially 
those located in the precise midline of the lower two-thirds 
of the nose and when the tip is modestly wide or bulbous to 
begin with. Lateral undermining over the perichondrium, 
and deep to the nasal SMAS layer, is essential. The ellipti- 
cal design requires that the vertical apices extend further 
superiorly and inferiorly than the traditional 30-degree 
angles, in order to avoid an asymmetric narrowing of the 
nose. Failure to do so will narrow the nose at the site of 
the original defect while leaving the supratip or infratip 
segments disproportionately wide. Common rhinoplasty 
maneuvers, such as an interdomal suture and cephalic 
trim, are frequently utilized concomitantly in order to nar- 
row the tip, reduce wound tension, and facilitate primary 
closure. These bilateral advancement flaps are very useful 
for medium-sized defects that are partially closed and con- 
vert the defect to a smaller one. The remainder is resurfaced 
with a full-thickness skin graft from the standing cutane- 
ous deformities of the local flaps (Fig. 177.3A-H). 

Defects that are off midline will leave a paramedian 
vertical scar and may create nasal asymmetry because of 
uneven recruitment and tension. In those circumstances, 
an “east-west” flap can be designed to control the resul- 
tant scars and move the standing cutaneous deformity to a 
favorable location in the midline (Fig. 177.4A-D). 


Rhombic Flap 


The design of the classic Limberg rhombic flap was origi- 
nally described in 1946 and remains a versatile flap with 
predictable scars and vectors of tension (23). Because the 
resultant scar crosses all aesthetic units, it is difficult to ori- 
ent the flaps such that scars are maximally camouflaged. 
In order to minimize wound tension, however, flaps are 
specifically designed such that the vectors of tension paral- 
lel those lines of maximal tissue recruitment. In the nose, 
this laxity is usually from the lateral nasal wall and medial 
cheek. In addition, an inferiorly based flap tends to have 
fewer problems with postoperative congestion and edema. 


Bilobe Flap 


The bilobe flap is widely used for a small nasal defect 
because it allows one to distribute tension further from the 
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Figure 177.2 Composite graft. A: Defect involving left ala and tip, oblique 
view. B: Base view. C: Composite graft from left ear. D: Graft secured in defect. 
A tacking bolster will be secured. 


primary defect, thus controlling the degree of tension along 
the alar margin. Whereas early designs utilized a 180-degree 
arch of rotation, contemporary methods have narrowed this 
angle in order to minimize the standing cutaneous defor- 
mity (24). Common sequelae to these flaps include postop- 
erative edema and “pincushioning,” which can arise from 
several factors: (a) the curvilinear scars of the flap design 
will undergo natural contraction and, as they shorten, tend 
to bunch and lift the skin paddle of the flap; (b) a bilobe 
is relatively wide with respect to its pedicle, predisposing to 
congestion; and (c) a plane of scar tissue will form beneath 


2879 


Chapter 177: Nasal Reconstruction 


A, B: 1.2-cm defect of nasal tip. C-E: Elliptical excision with bilateral 
advancement flaps to close 80% and FTSG to cover remainder (harvested from standing 
cutaneous deformity of nose). 


the flap and further impede lymphatic egress. In an attempt 
to minimize these effects, certain modifications of the 
bilobe can be employed. By decreasing the arc of rotation to 
90 degrees, the size of the standing cutaneous deformity 
and the overall width of the flap are decreased. The pri- 
mary flap should be aggressively debulked, removing all 
muscle and a majority of the subcutaneous fat. When pos- 
sible, an inferiorly based flap design will be more favor- 
able, as it permits lymphatic drainage. The entire nose is 
widely undermined, creating a more even plane of scar and 
contracture. Finally, the apex of the secondary flap can be 
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H 
Figure 177.3 (Continued) F-H: Six-month postoperative views. 


left as a triangle rather than trimming it, leaving a sharp 
corner that contracts less. This requires a small triangle of 
normal skin to be excised from the recipient normal nasal 
skin. Wound edges along a bilobe often become inverted 
and depressed. Great effort must be made to maximize skin 
eversion during closure with meticulous subdermal sutures. 
It is often possible to orient the flap such that one limb of 
the primary flap and the straight line from the secondary 
flap closure are indiscreet. One can place the Burrow tri- 
angle from the primary flap along the supra-alar crease or 
orient the secondary flap vertically, such that the closure of 
this donor site parallels the borders of aesthetic subunits 
(Fig. 177.5). The vector of tension from a bilobe is often 
counterintuitive in that there is an inferior force that can 
push the alar rim inferiorly. The flap border may need to be 
trimmed in order to pull the rim cephalad. Because of the 
natural convexity of the nose, the pivot point of a bilobe 


also has a third-dimensional vector that is perpendicular 
to the plane of the flap and impinges on the airway. Most 
bilobes designed with the pedicle based laterally along the 
keystone area will compromise the valve and will require 
a prophylactic sidewall batten graft. Those based medially, 
on the other hand, tend to be more functionally forgiving 
and may even serve to pull the sidewall open. 


Rieger Flap 


The Rieger flap utilizes glabellar skin based on a unilat- 
eral medial brow/supratrochlear region. The donor site 
is closed primarily as the glabellar and dorsal nasal skin 
is advanced and rotated caudally. It is ideally suited for 
defects of the upper two-thirds. For lower-third defects, it 
is a moderately large flap that often leaves some alar base 
asymmetry as well as unnatural nasal creases. 


c 


Melolabial Flap 


The interpolated melolabial flap is designed with a distinct 
pedicle based superiorly through the perforators off the 
angular artery. The skin paddle is located on the medial 
cheek area and will have an excellent match to the nor- 
mal nasal skin (Fig. 177.6). The flap is initially elevated 
in the subdermal plane, becoming progressively thicker 
as it ascends superiorly into the pedicle proper. The skin 
paddle must be kept thin with only a layer of subdermal 
fat. The pivot point for the pedicle is located along the 
nasal facial groove, and, although the skin incisions are 


Chapter 177: Nasal Reconstruction 2881 


East-west flap. A: Left side- 
wall defect. B, C: Flap designed with stand- 
ing cutaneous deformity moved to midline 
tip. D: Six-month postoperative view. 


narrowed superiorly to facilitate rotation, the subcutane- 
ous portion remains thick and bulky. The vascular basis of 
this flap is via perforators within the subcutaneous fat and 
levator labii superioris, not the skin itself. After the flap is 
transferred, the melolabial fold is re-created with medial 
advancement of the cheek. Pedicle division is performed 
after a 3-week interval to allow for neovascularization from 
the recipient bed into the skin paddle. The stump of the 
pedicle is usually excised and donor site closed primar- 
ily, leaving a single scar along the nasofacial junction. 
This is done at the risk of creating subtle facial asymmetry 
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Figure 177.5 Nasal bilobe flap. A: 1.3-cm cutaneous defect of left ala and sidewall. B: Bilobe flap 
design. C: Flap transposed. Note that the secondary flap is left as a triangle rather than a curved 
lobe. Straight lines and sharp corners camouflage better. A cartilage batten graft was also placed 
(not shown). D: Six-month postoperative view. 
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Figure 177.6 A-G: Superiorly based, interpolated melolabial flap for 1.3-cm defect of left ala. A 
conchal cartilage batten graft was used in the lobule to prevent collapse and retraction. 
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Figure 177.6 (Continued) 


between the two melolabial folds. Alternatively, the pedicle 
can be returned to the midface, although this will create 
two oblique scars, one being within the cheek facial unit. 
The melolabial flap is ideally suited for smaller defects of 
the alar lobule and columella. It can be extended to the 
nasal sidewall and nasal tip. It brings vascularized tis- 
sue that can cover a cartilage graft. By being based on the 
cheek, it avoids the functional inconvenience created by a 
forehead flap pedicle, such as with eyeglasses. 


LARGE CUTANEOUS DEFECTS 


Preoperative Considerations 


Most large skin defects are addressed with more elaborate, 
interpolated flaps, but on occasion, less invasive options 
can still represent the most practical means of repair. There 
are individual considerations that might discourage a more 
aggressive procedure. Advanced age, significant small-ves- 
sel disease, previous radiation therapy, and overall patient 
health, all might preclude a lengthy and more involved 
surgical intervention. A large skin graft to the nose may 
represent the most practical repair for select patients, and, 
at times, the outcomes can be surprisingly satisfactory. In 
addition, individual patient expectations and postopera- 
tive cooperation should be clearly defined. Although the 
optimal aesthetic outcome is often the surgeon’s goal, 
patient needs may be quite different, with a much lower 
cosmetic concern and greater priority toward a speedy 
recuperation. The logistical inconveniences to the patient, 
especially with a staged procedure such as an interpolated 


forehead flap, must be appreciated. The pedicle will often 
preclude the use of eyeglasses, rigorous work outdoors 
(which many of these patients may do), and many public 
positions of employment, for example, waiters, reception- 
ists, and so on. 

Simultaneously, when selecting a simpler alternative 
for short-term convenience purposes, it is important to 
communicate the aesthetic and functional sacrifices that 
are being made. A month of inconvenience may be small 
when contrasted with an outcome that is lifelong. This 
too must be clearly communicated. A majority of the 
larger nasal defects occur on a more elderly population, 
and one certainly needs to develop a feel for their surgi- 
cal candidacy, level of support, and emotional expecta- 
tions. For some individuals, a simpler covering such as 
a full-thickness skin graft will meet their needs as long 
as they do not develop significant nasal obstruction. On 
the other hand, there are many senescent patients who 
remain socially active and are entirely deserving of the 
optimal repair. Even patients in their eighth and ninth 
decade of life may have an additional life expectancy of 
greater than 10 years, and an aesthetic and functional 
repair will be borne for many meaningful years. This is 
especially true when weighing the total additional time 
and morbidity consumed by the more elaborate repair 
versus the simpler one; a forehead flap brings only a few 
additional weeks of recovery. The subtotal and total nasal 
reconstructions require a period of significant convales- 
cence, irrespective of age. The chronologic age of most 
patients has only a minor role in the decision making for 
a major nasal restoration. 


Forehead Flap 


The most common method of nasal resurfacing for large 
(1.5 cm) defects is with the forehead flap. Despite its 
ancient origins, this flap remains the major workhorse, as it 
fulfills many of the criteria for the ideal facial flap. There is 
an excellent match in color and skin texture and sufficient 
donor skin to resurface the entire nose. This flap is depend- 
able and robust, leaves an acceptable donor site morbid- 
ity, and is, in short, the gold standard for contemporary 
major nasal restoration (25). Several pearls can aid with 
the design and execution of a forehead flap (Table 177.4). 


Defect Preparation 
The nasal aesthetic subunits are drawn directly on the nose 
at the onset of surgery, irrespective of the preexisting nasal 
defect. Although the general topography is similar from 
nose to nose, each individual has intrinsic variations of 
their nose that must be recognized. This is especially true 
when there is marked dorsal asymmetry or ethnic varia- 
tions. As the subunits are defined on the nose, great atten- 
tion is made to preserving the sharp corners at the border 
of each subunit. There is a tendency to round the corners 
during each of the stages of repair, beginning with drawing 
the subunits to creating a flap that fits the modified defect. 
Based on the size and shape of the cutaneous defect, it is 
then usually modified to complete the corresponding aes- 
thetic subunit such that the resultant scars lay along the 
borders of these subunits. This usually involves enlarging 
the existing defect. This principle is applied liberally yet 
not exclusively. When only a small portion of a given sub- 
unit is involved (usually 10%), it may be more practical to 
modify the shape by enlarging the adjacent subunit and 
thereby minimize excessive resection of normal tissue. This 
is especially true when the additional subunit will signifi- 
cantly lengthen or widen the skin paddle of the forehead 
flap. Another exception to the aesthetic subunit principle 
is a midline vertical scar of the upper two-thirds of the 
nose; although this bisects the dorsal subunit, the casual 
observer also sees the face and nose as two halves, and a 
vertical line between them can remain inconspicuous. 
Asian patients, although rarely afflicted with cutaneous 
malignancies, have a nasal topography slightly different 
from most occidentals, particularly in terms of dorsal and 


TABLE 
177.4 PEARLS FOR A FOREHEAD FLAP 


. Modify defect shape with consideration of subunits involved. 
. Create precise 3-D template. 

Aggressive thinning of distal skin paddle. 

. Narrow pedicle base (<1.5cm). 

. Consider functional grafting. 

. During pedicle division, thin the upper flap and set brows at 
same levels. 


1 
2 
3 
4 
5 
6 
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tip projection, and the subunit principle should reflect that 
(26). Their nose tends to be proportionally smaller, and 
there may not be sufficient nasal skin to cover even defects 
less than 1.5 cm. Under these circumstances, one may need 
to complete the aesthetic subunits and resurface with a 
regional flap from the forehead. 

The nasal-facial junction lies more medial on the “nose” 
than first impression, and it is one of the sacred borders that 
should not be crossed. The cheek flap should be brought 
up to the junction and suspended to the periosteum of the 
piriform aperture and even to the bone itself if necessary. 
Crossing the aesthetic border often creates a degree of facial 
asymmetry and becomes more conspicuous. 

Preexisting nasal deformities can influence the surgical 
outcome and should be recognized with consideration for 
adjustment during defect preparation. Aesthetic units are 
defined, in large part, by the reflections of light that arise 
from contour changes. A twisted nose will have asymmetric 
and irregular subunits that do not support the aesthetic sub- 
unit principle as well, and one might consider correcting the 
deformity and restoring symmetry and balance to the nose. 
It can be an opportune time to straighten the dorsum with 
osteotomies, reduce a prominent hump, or refine a broad 
and amorphous nasal tip. Through the combination of tra- 
ditional cosmetic rhinoplasty maneuvers and basic recon- 
structive tenets, the surgical outcome can be enhanced. 

The depth of the defect (and the associated subunits) 
is always taken down to the perichondrium of the carti- 
laginous framework, even if the primary defect is more 
superficial. This allows one to shape the exposed cartilages 
with sutures and conservative resections. Moreover, the 
forehead flap is often plagued with being too thick, and 
increasing the depth of the nasal defect will allow a better 
contour match between the nose and the flap. The addi- 
tional resection will also only improve the recurrence rate 
from the original Mohs surgery. It has been suggested that 
for high-risk individuals, the adjacent subunits be analyzed 
for occult cutaneous malignancies, as the skin has been 
exposed to the same degree of actinic injury (27). 


Template 

A precise template is made of the final cutaneous defect 
utilizing the aluminum package from a suture. This can be 
somewhat laborious but is imperative to get an accurate, 
three-dimensional map of the defect and corresponding skin 
paddle. One can use the contralateral side as a reference to 
ensure nasal symmetry. Care is taken to cut straight edges 
and crisp corners of this template, which is then transferred 
to the forehead for an accurate tracing. The vertical posi- 
tion of the template is determined by measuring from the 
medial aspect of the brow down to the nasal defect, recog- 
nizing that the length-limiting point is not always the most 
inferior aspect of the wound but may be the proximal, 
contralateral corner. The template design is precise and 
ensures no wasted skin from the forehead. Incisions are 
made along the internal margin of the markings. Murrell 
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et al. have described the application of a three-dimensional 
pattern using Aquaplast (WFR/Aquaplast Corporation, 
Wyckoff, New Jersey) to transfer a more aesthetically pre- 
cise template (28). Once the template has conformed to 
the contour of the patient’s nose, it is converted to a two- 
dimensional tracing on the forehead. 


Anatomic Basis 

The blood supply to the forehead flap is primarily through 
the supratrochlear artery, but not exclusively (29). This artery 
is a terminal branch of the ophthalmic, from the internal 
carotid system. It exists from the supratrochlear notch or, 
less frequently, foramen and courses superiorly between the 
corrugator muscle deep and the orbicularis oculi muscle 
superficially, finally piercing the orbicularis roughly 1.5 cm 
above the notch. The artery then anastomoses extensively 
with the contralateral supratrochlear and ipsilateral supra- 
orbital vessels. The forehead vessels have a dependable axial 
pattern in the vertical direction, running immediately super- 
ficial to the frontalis muscles, and give this flap an axial pat- 
tern vascular basis in addition to the named pedicle artery. 
The pedicle is centered on the supratrochlear vessel but has 
more than that artery supplying it; the driving anatomic 
basis for this flap is the robust perfusion pressure located 
along the medial brow area. The terminal branch of the 
angular artery supplies the pedicle base and is a major con- 
tributor to the arterial supply of the forehead flap. Silicone 
rubber casts were created from a forehead flap after cannula- 
tion of the facial artery alone, that is, no fixative was injected 
in the internal carotid system. This demonstrated the exten- 
sive network of collateral vessels in the medial brow region 
and a significant perfusion into a forehead flap without flow 
from the supratrochlear artery (Fig. 177.7) (29). 


Midline Versus Paramedian 

The skin paddle of the forehead flap can be placed in the 
paramedian position, immediately centered on the supra- 
trochlear artery (30). This has the advantage of incorporat- 
ing much of the artery within the pedicle and, in theory, 
improves flap viability. Some individuals have a low “wid- 
ow’s peak,” and the paramedian design can avoid it. The skin 
paddle can also be placed in the precise midline, creating a 
“midline forehead flap,” with some discrete advantages (31). 
The pedicle is still based on a unilateral medial brow area, 
but it diverts obliquely to course in the middle of the fore- 
head. This pedicle design will not incorporate as much of 
the supratrochlear artery, but the vertical axial pattern of the 
subdermal plexus remains. The advantage of this design is 
that the resultant scar will be in the exact midline of the fore- 
head, rather than paramedian. Like the aesthetic subunits of 
the nose, the face is also visually divided into two halves. 
The midline vertical scar, despite being perpendicular to the 
horizontal forehead furrows, is often quite inconspicuous. 
There is also a natural divergence of the frontalis muscle in 
the superior forehead, causing the forehead furrows to be 
discontiguous between the left and right sides. The midline 
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Cadaveric study with facial artery cannulated, show- 
ing perfusion of forehead flap through angular artery and collateral 
flow at medial brow area. No dye is from supratrochlear vessel. 


vertical scar tends not to disrupt these and allows better scar 
camouflage. In addition, the pedicle base has a curved and 
oblique path rather than the straight vertical design of the 
paramedian flap. The former allows a slightly longer reach 
caudally that can be significant with a low hairline or when 
reaching the alar rim or columella (Fig. 177.8). 


Pedicle Design 

It was originally thought that the forehead flap pedicle needed 
to be wide enough to capture both supratrochlear vessels in 
order to survive. It has later been shown that this forehead 
flap can be raised off only a single supratrochlear artery and 
that the pedicle can be safely narrowed to 1.5 cm without 
jeopardizing viability (14-17). The pedicle for the flap can 
be based either ipsilateral or contralateral to the nasal defect 
(assuming it is not midline). Each has its unique advantages. 
The ipsilateral pedicle is closer to the defect and permits a 
shorter pedicle length, which can be very advantageous in 
people with a low hairline. The contralateral pedicle has a 
longer reach but less rotational arc, thus reducing the amount 
of twisting that occurs at the pedicle base and possibly 
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Figure 177.8 A: Nasal defect anterior view. B: Three-dimensional template of nasal defect (suture 
package). C: Template transferred to precise midline of forehead. D: Postoperative view, noting 
preservation of bilateral forehead furrows and brow symmetry. 
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improving venous return from the flap. All else being equal, 
the contralateral flap may be safer and more robust. 

Doppler confirmation or localization of the supratroch- 
lear artery is rarely needed, especially because the perfusion 
pressure and extensive collateralization is a major driving 
factor. The notch of the supratrochlear vessels can usually 
be palpated and the skin pedicle centered there. The pedi- 
cle base can also be just based on medial brow where the 
supraorbital rim joins the lacrimal bone. One can include 
a cuff of periosteum at the base of the pedicle. This serves 
to give the flap a small amount of additional length. It also 
provides some rigidity to the pedicle base. 

The base of the pedicle should not exceed 1.5 cm, which 
provides ample vascularity yet does not strangulate the 
pedicle or hinder the flap rotation. Most flaps can be nar- 
rowed to closer to 1 cm at the proximal end. The pedicle 
can also be extended into the brow and lower glabellar 
area for additional length. 


Skin Paddle Elevation and Thinning 

One of the common problems with the forehead flap of 
years past was excessive bulk, often sacrificing normal nasal 
form for fear of compromising viability. One of the greatest 
modifications and advancements made with the forehead 
flap may be the realization that the skin paddle can, and 
should, be thinned aggressively during the initial stage (Fig. 
177.9). In most cases, the distal skin paddle of the forehead 
flap is elevated in the subcutaneous plane rather than the 
subgaleal plane, lifting the flap off the frontalis muscle. 
The galea (frontalis muscle and fascia) is left down on the 
forehead during this initial flap elevation. This continues 
for approximately 25% of the skin paddle, after which the 
plane is dropped to the subgaleal level and continues effort- 
lessly. The proximal part of the skin paddle will be thinned 
in the future, during pedicle division 3 weeks later. Once the 
flap is up, additional thinning is performed to match the 
intrinsic variations of normal nasal skin thickness. That por- 
tion corresponding to the thin rhinion skin, columella, or 
alar rim is further thinned directly. Axial, subdermal vessels 
are often encountered within the galea during this process, 
and the thinning can continue around them without sacri- 
ficing the vessels themselves. With healthy patients, the flap 
thinning will continue to the subdermal layer and fluctuate 
slightly to best match the variability in native skin thickness. 
Leaving the frontalis on the forehead donor area has the dis- 
tinct advantage if the donor site cannot be closed primarily. 
Second-intention healing will proceed much more rapidly 
over the galea rather than over the periosteum. 

An exception to this method of elevation is in smok- 
ers or other individuals with small-vessel disease. For these 
high-risk situations, the skin paddle is elevated with the 
bulky subgaleal layer and transferred en bloc. An intermedi- 
ate stage is used to thin the flap (discussed later). 


Donor Site 
A great majority of forehead defects less than 3.5 cm can be 
repaired primarily through wide, subgaleal undermining 
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Elevation of distal forehead flap in the thin sub- 
cutaneous plane rather than subgaleal plane. Thin layer of fat is 
preserved under skin paddle of flap. This thinning continues only 
for 30% of the skin paddle and is not performed in smokers. 


out to the temple areas. Deep sutures must be through 
the galeal layer in order to ensure sufficient strength; it is 
often necessary to place all the deep sutures prior to clo- 
sure and tying of sutures. The standing cutaneous defor- 
mity at the superior border is directly excised in a vertical 
fashion with the incision extending into the frontal hair. 
Alternatively, the forehead can be mobilized and closed in 
an “O to T” fashion with a horizontal limb at the hairline. 
Like a trichophytic browlift, this can be closed in a running 
“W-plasty” to further camouflage the scar. 

For wider defects, vertical galeatomies may allow addi- 
tional recruitment from the sides. Any remaining defect on 
the forehead is allowed to heal by second intention. The 
resultant scar following wound contracture will generally 
be superior to other methods, especially when the galea 
has been left in place. A skin graft will allow that area to 
heal quickly but generally remains more noticeable. Early 
tissue expansion has been described as an alternative for 
the tight forehead or the low hairline (32). Although this 
does create an abundant amount of tissue and permit pri- 
mary closure following wide forehead flaps, the expanded 


skin is less favorable in terms of flap physiology. Some flap 
contracture will occur, even following direct excision of 
the expander capsule, and will compromise the final nasal 
form. 


Pedicle Division 
The pedicle is the obligatory nutrient supply for the skin 
paddle until sufficient neovascularization occurs from the 
recipient bed into the flap itself. Vascular ingrowth is pre- 
dictable and is driven, in part, by the ischemic gradient 
between the nasal defect and the distal flap (33). There 
is probably sufficient support for the flap after a 10-day 
period, but a 3-week interval is allowed to lapse to ensure 
greater fibroblast development, increased tensile strength, 
and adequate adherence of the flap to the nose. The ped- 
icle is divided transversely, a few millimeters above the 
original nasal defect. Undermining proceeds in a superior- 
to-inferior direction, immediately under the dermal plane, 
to roughly halfway down the skin paddle. One can leave the 
subcutaneous portion of the pedicle intact, allowing it to 
provide countertraction as the skin is undermined. The bulk 
of the subcutaneous tissue is then removed while tapering 
the inferior border to smooth the transition. It is impera- 
tive to debulk this portion of the flap and allow the flap to 
conform to the normal nasal topography. The edges of the 
original nasal defect are carefully freshened and corners are 
squared off. Over the preceding 3 weeks, the border of the 
defect will have contracted and started to reepithelialize. 
The superior stump of the pedicle is then trimmed 
accordingly and inset back into the glabellar area. There 
is a tendency for this portion of the pedicle to thicken and 
pincushion. Aggressive thinning of the corrugator muscle 
contained in the pedicle stump will help minimize this. 
It is essential to restore symmetry to the eyebrows, as the 
pedicle side tends to be pulled inferiorly. After the medial 
brow is resuspended, the new standing cutaneous defor- 
mities can be directly excised. The inferior forehead scar 
can be revised readily at this time. The scar in this area is 
often inverted and conspicuous there because a wide fron- 
talis muscle portion is included in the pedicle. On occa- 
sion, one can dermabrade some of the scars of the nose 
or the forehead at this relatively early stage (Fig. 177.10). 


Three Staged Forehead Flap—with Intermediate 
Stage 

In higher-risk individuals such as smokers, the original 
forehead flap can be transposed as a composite of skin and 
frontalis muscle, without preliminary flap thinning, with a 
planned intermediate stage (34). During this step, the skin 
paddle is elevated from laterally on both sides, leaving 
the original forehead flap as a bipedicled flap, attached at 
the medial brow proximally and the nasal tip distally. The 
flap is then thinned and sculpted to the appropriate level 
to restore nasal form (Fig. 177.11). An additional 3 weeks 
are allowed to pass before the final pedicle division is per- 
formed. While this methodology leaves the pedicle intact 
for 6 weeks, the inconvenience is justified by improved flap 
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viability and better outcomes within a high-risk patient 
group. The flap can also be elevated more aggressively, 
including the distal tip. This essentially converts the fore- 
head flap into a delayed flap. 


Single-Stage Forehead Flap 

The single-stage forehead flap (Table 177.5) utilizes a 
deepithelialized pedicle and was originally described by 
Converse in 1963 as a modified median forehead flap 
based on both supratrochlear vessels (35). It had prob- 
lems with a limited arc of rotation and flap congestion 
and was subsequently abandoned. Utilizing what is 
known today about the robust vascularity of the contem- 
porary forehead flap, one can create a single-stage, island 
forehead flap based on a unilateral medial brow area 
(36). This single-stage flap has a similar anatomic basis 
as the conventional, interpolated forehead flap but does 
not require a pedicle division. The advantages of accom- 
plishing a major nasal resurfacing in a single stage can be 
tremendous for those patients in whom the pedicle and 
need for a second surgery create a hardship that is difficult 
to overcome. The vascularity from a subcutaneous pedicle 
is, however, more tenuous, and this type of forehead flap 
should be avoided in high-risk individuals, such as smok- 
ers and individuals with small-vessel disease. 

Both a unilateral supratrochlear artery and the rich 
collateral supply from the angular artery provide the per- 
fusion pressure that supports the skin paddle. It should 
be based on the contralateral side to avoid excessive tor- 
sion on the pedicle. This flap is converted to an island 
flap as the glabellar skin is carefully dissected off the 
pedicle. Tremendous care must be taken to avoid inad- 
vertent changes in plane during this stage because pedicle 
amputation is the result. The glabellar skin is undermined 
widely, and the resultant tunnel is connected to the 
defect of the nose. Portions of the procerus muscle can 
be resected in order to create sufficient room to accom- 
modate the pedicle without compression and congestion. 
The flap is then tunneled under the intact glabellar skin 
and the skin paddle delivered into the nasal defect then 
closed completely in a circumferential fashion. The donor 
site is closed primarily, often incorporating a W-plasty 
inferiorly that parallels the natural glabellar furrows. 
There is a soft tissue void where the subcutaneous pedicle 
was originally located, and portions of the frontalis mus- 
cles can be mobilized to fill this depression and improve 
glabellar contour. This flap works best for nasal defects 
limited to the upper two-thirds of the nose; nasal tip and 
alar defects require a lengthier forehead flap and may not 
remain viable (Fig. 177.12). 


STRUCTURAL SUPPORT AND GRAFTING 
IN NASAL RECONSTRUCTION 


In addition to the surface area of a nasal defect, it is 
imperative to determine its depth and location in terms of 
its impact on nasal function and form. Structural grafting 
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Figure 177.10 Pedicle division. A: Skin elevated 
with subcutaneous portion intact, providing tempo- 
rary countertraction. B: Debulking subcutaneous por- 
tion. C: Pedicle inset with attention to brow symmetry. 


C 


Thin flap 


Figure 177.11 Intermediate stage with debulking of flap from 
lateral access. 


is placed for three primary reasons: first, to provide rigid- 
ity to the sidewall, thus preventing collapse and nasal 
obstruction; second, to create or maintain form, espe- 
cially along the alar rim and tip; and third, to provide 
dorsal support and projection. Many small and superficial 
defects of the lower third of the nose are repaired with 
composite grafts, thus providing a covering and support 
simultaneously. Larger and more complex defects usu- 
ally require separate support grafting and an independent 
resurfacing flap. 


Nasal Function 


New onset nasal obstruction can compromise an otherwise 
excellent surgical outcome and be the source of significant 
patient dissatisfaction. Predicting those lesions that will 
lead to nasal obstruction is important and is influenced by 


v.53) PEARLS FOR THE SINGLE-STAGE 
“4-3 FOREHEAD FLAP 


. Select patient carefully. 

. Create adequate room under glabellar skin. 

. Fill forehead depression with procerus and frontalis muscles. 
. Watch for flap congestion. 
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both the defect’s depth and its location. When the depth is 
such that native structural support has been removed (e.g., 
a portion of the lateral crus), the defect will uniformly 
require reconstruction with some form of cartilaginous 
grafting. An exception is small defects of the nasal bones, 
albeit rare. Lesions located over the alar lobule or nasal 
sidewall are particularly prone to collapse and subsequent 
nasal obstruction at the level of the internal and external 
nasal valves. There is a critical area located at the junction 
of the two anatomic valves, corresponding to the supra- 
alar crease externally and the area lateral to the lateral crus 
internally. There may be a free-floating sesamoid cartilage 
in this area, which is characteristically just a firm, fibrofatty 
aponeurosis between the lateral crus and the bony piri- 
form aperture. In this area, even small defects that violate 
the fibroareolar tissues will tend to collapse, especially fol- 
lowing local transposition flaps. Therefore, it is not solely 
the size of the defect but the depth that may be the indica- 
tion for structural grafting (21). Lesions within the ala or 
sidewall often require a repair that involves some rigidity. 
Straight septal cartilage works well for support to the lat- 
eral nasal wall of the middle vault, and conchal cartilage is 
most often used for the alar lobule. 

One can enhance nasal airflow by placement of a flaring 
suture across the upper lateral cartilages (37). The middle 
nasal vault is often exposed during nasal reconstruction 
and subject to contractile forces. Because of the concavity 
over the dorsum, this can lead to subtle pinching of the 
middle third of the nose and some degree of narrowing at 
the internal valve. The flaring suture placed across the dor- 
sum serves to hold open the upper lateral cartilages during 
the healing process and support the airway. A long-lasting 
suture is placed as a horizontal mattress across each upper 
lateral cartilage, with the dorsal septum serving as a ful- 
crum. As the suture is tightened, the upper lateral cartilages 
will flare upward and outward, thus opening the internal 
nasal valve (Fig. 177.13). This can be placed during any 
nasal reconstruction where the upper lateral cartilages 
become exposed, even with smaller procedures such as a 
bilobe flap. 


Grafting for Form 


The alar rim is one of the free margins that represent an 
“immobile landmark” during defect analysis. Normal 
wound healing and contracture will tend to pull the alar 
rim up and create a notch deformity; preserving alar base 
symmetry is one of the greater challenges in nasal restora- 
tion. Any defect that encroaches on the free margin of the 
ala will require some form of structural support to resist 
the powerful wound contracture that ensues. The curve 
found along the inferior conchal bowl conforms well to 
the natural shape and curl of the alar lobule. Grafts may 
also be placed at the nasal tip to improve definition and 
form. Many of the common tip grafts used in aesthetic 
rhinoplasty can be employed here with equal success. 
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Figure 177.12 Single-stage forehead flap. A: Right nasal defect involving sidewall and cheek. 
B: Single-stage forehead flap elevated on subcutaneous pedicle. C: Flap transferred under intact 
glabellar skin and filling nasal defect. D: One-year postoperative view with some fullness at glabella. 


Chapter 177: Nasal Reconstruction 2893 


Figure 177.13 A: Flaring suture passed through 
left upper lateral cartilage. B: Through right upper 
lateral cartilage. C: Tied-over nasal dorsum to flare 
C open the internal nasal valves. 
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Because the covering flap tends to be thicker, one can 
exercise tip refining measures with minimal risk of creat- 
ing an unnatural “unitip.” Traditional shield or cap grafts 
should be sutured secured to the underlying structure. 
Grafts to the tip can also serve to stabilize the junction 
of a reconstructed framework, such as the union between 
alar rim grafts and the midline support (e.g., columella). 
Bridging the junction of cartilage grafts creates substantial 
more stability than a primary, end-to-end union of grafts 
alone. 

Large lesions may remove portions of the midline dor- 
sal support, and its reconstruction can be more complex. 
Unlike a dorsal augmentation during the correction of a 
saddle nose deformity, this reconstruction must bring 
sufficient rigidity to support the cutaneous and intranasal 
dorsum. This can be accomplished by one of three mecha- 
nisms: septal cartilage, cantilevered split calvarial bone, 
or costal cartilage grafting. Some complex nasal lesions 
extend on to the cheek, not only cutaneously but also to 
involve framework. If portions of the premaxilla or lat- 
eral bony piriform aperture have been resected, they must 
be individually repaired in order to recreate a solid plat- 
form for the nose. Failure to do so will lead to progres- 
sive collapse of the nose. The bony aperture of the nose is 
an essential foundation upon which other structural grafts 
and flaps can be added (Fig. 177.14). 
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Techniques for Grafting 


The middle vault and sidewall areas are ideally reconstructed 
with straight septal cartilage. This material is readily avail- 
able and should be long enough to rest on the bony piri- 
form aperture laterally and reach the midline dorsum. The 
alar lobule is best supported by autogenous conchal carti- 
lage, but it must be carefully sculpted. It can be harvested 
through either the anterior or posterior approach with little 
risk of creating significant donor site morbidity. Like septal 
cartilage, the conchal cartilage graft must be sufficiently 
long to rest on the bony, medial buttress and extend up to 
the existing cartilages or close to the midline. Small discs of 
cartilage grafts will tend to fall intranasally and not func- 
tion as the batten that is needed. For these cartilage grafts, 
one creates small subcutaneous pockets under the supra- 
alar crease or within the alar lobule, but only blunt dissec- 
tion should be performed in this area in order to minimize 
risk of injury to the lateral nasal artery. The medial border 
is firmly anchored to the tip cartilages in an overlapping 
manner. The superior margin of the graft should be slightly 
more medial than the inferior margin, forcing the plane of 
the graft to mimic the contour of the lobule and create a 
supra-alar crease. In order to maintain the vertical height 
of the alar rim, one should ensure that the caudal border 
of the graft is positioned sufficiently inferior, anticipating 


B 


Figure 177.14 A: Large left heminasal and cheek defect involving maxilla. B: Split calvarial bone 
to reconstruct medial buttress, providing platform for nasal base. 


the vertical contractile force of wound healing. Grafts are 
suture-secured to the intranasal lining with through-and- 
through sutures, thus pulling open the airway under the 
graft. The natural curvature of the cartilage holds the air- 
way patent, even slightly over corrected. The ala will also 
feel unnaturally firm with respect to the contralateral side, 
but this is anticipated and ensures patency at the valves 
(Fig.177.15). 

Dorsal reconstruction can be achieved through a compos- 
ite septal flap, pivoted out of the nose with a hinge along 
the anterior nasal spine. A full-thickness incision is created 
through the nasal septum, along the dorsum superiorly, 
vertically posteriorly, and off the maxillary crest inferiorly. 
This allows the septum to hinge anteriorly and outward 
as a composite flap composed of cartilage and bilat- 
eral mucosal flaps, bringing structure and internal lining 
simultaneously. A small wedge of septal cartilage should 
be excised at the posterior septal angle to facilitate the out- 
ward pivot. It is imperative that the septal branch of the 
anterior septal artery be intact, as it is the primary blood 
supply to the flap. Each vessel can support the entire ipsi- 
lateral septal mucosa and underlying cartilage. Once the 
composite flap is rotated outward, it is secured with per- 
manent sutures to the residual dorsum and the anterior 
nasal spine. Septal splints may be useful to provide addi- 
tional support during the healing phase, reducing the risk 
of lateral displacement and nasal obstruction. By necessity, 
this three-layered septal composite flap will leave behind 
a permanent septal perforation. Although this adds to the 
convalescence, only rarely is it symptomatic after heal- 
ing. This technique works well for reconstruction of large, 
complex, and full-thickness defects of the dorsum, tip, 
and columella (Fig. 177.16). 

Costal cartilage and split calvarial bone are excellent struc- 
tural grafts for total dorsal reconstruction. Nasal defects 
of this magnitude are usually associated with deficiencies 
of internal lining, which will always require an indepen- 
dent flap. Cartilage can be harvested from either the sev- 
enth, eighth, or ninth rib. Most skin incisions do not need 
to exceed 4 cm, and the rectus abdominis muscle can be 
split rather than transected, thus reducing the postopera- 
tive pain. A straight portion of the rib should be harvested 
and only the precise central core utilized for grafting, as 
eccentric portions of a rib graft will progressively warp. 
Graft resorption, displacement, and in situ warping are 
the more common complications that can arise. Split cal- 
varial bone is similarly abundant and generally harvested 
from the straight parietal region of the skull. Its edges are 
carefully beveled with a drill, and it may be secured at the 
nasion with a lag screw technique. Both calvarial bone and 
costal cartilage will leave the nose feeling unnaturally rigid 
and immobile. It should be supported at the caudal end 
with an extended columellar strut graft and laterally with 
conchal cartilage grafts. This lateral support is essential to 
reduce inward collapse as well as to camouflage the lateral 
borders of the dorsal reconstruction graft. 
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INTERNAL LINING DEFICITS 


The complexity of a nasal defect is dictated as much by its 
depth as by its overall size. Violation of the internal lining 
of the nose is one of the major variables that elevates the 
complexity and level of sophistication of the repair. It can 
be tempting to disregard the lining and simply address the 
structure and covering flap. This is misleading since the 
immediate result can be quite acceptable but long-term 
outcomes are uniformly unfavorable. Previously, a prelimi- 
nary stage was performed in which grafts and internal lining 
were buried under the forehead as a first stage. This failed 
because of its lack of flexibility after the flap was transposed. 
The purpose of a meticulous repair of all lining defects is 
twofold: First, a vascularized internal covering is needed 
for structural grafts (e.g., conchal cartilage batten grafts), 
and, second, second-intention healing of intranasal areas 
will lead to alar notching and cicatricial stenosis, progress- 
ing to a compromise of form and function. Consequently, 
even small perforations of the intranasal mucosa must be 
addressed in some manner. Not infrequently, many options 
for lining repair have been eliminated by the nature of the 
defect, and one must proceed down an algorithm to alterna- 
tive techniques. For this reason, it is imperative to be facile 
with a number of different grafts and flaps used for internal 
lining repair prior to embarking on a reconstruction of this 
complexity. Being able to predict the involvement of intra- 
nasal mucosa is difficult but can be useful. Certain subtypes 
of cutaneous malignancies are characterized by their aggres- 
sive growth patterns and propensity to extend via small iso- 
lated nests of cells beyond the gross margins, for example, 
morpheaform BCCA. It is prudent to recognize this propen- 
sity for intranasal involvement and plan the excision and 
reconstruction accordingly, including the incorporation of 
Mohs micrographic surgery and anticipation of a full-thick- 
ness nasal defect. In addition, one should bear in mind that 
the intranasal defect represents the surgical margin for the 
cutaneous malignancy, and close follow-up of this area is 
imperative. This is most accurately performed with nasal 
endoscopes, common to the otolaryngologist. 

A very small perforation of the internal lining can often 
be closed primarily with a single catgut suture. It is best 
to close the deficit vertically rather than horizontally, in 
order to minimize the propensity to retract the alar rim. 
Larger defects will require a flap or graft and can be defined 
based on their tissue origin (Table 177.6). Selecting the 
proper internal lining flap is challenging and often based 
on the location of the defect; most grafts and flaps are 
needed for only the middle third or lower third of the 
nose (Table 177.7). Only rarely is an internal lining repair 
needed within the upper third of the nose. 


Grafts 


Full-thickness skin grafts require a vascularized recipi- 
ent bed and, as such, will rarely be utilized for internal 
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Figure 177.15 Alar batten graft. A: Nasal defects of right ala and sidewall. B: Conchal cartilage 
batten graft in nonanatomic position. C: Base view demonstrating vestibular support and patency. 
D: One year following resurfacing with a midline forehead flap. Oblique view showing alar rim con- 


tour. E: Base view showing vestibular patency. 
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Figure 177.16 Septal mucosal flaps. A: Full-thickness nasal defect of distal /% nose. B: Nasal sep- 
tum pivoted anteriorly along posterior septal angle to provide dorsal and tip support. Bilateral sep- 
tal mucosal flaps to repair internal lining deficit. C: Additional sidewall support from conchal carti- 
lage grafting and shape with a tip graft. D: One year following resurfacing with a midline forehead 
flap. Dorsal support is maintained. 
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53) OPTIONS FOR REPAIR OF 


INTERNAL LINING DEFECTS 


177.6 


1. Primary closure (vertical) 
2. Grafts 
a. Skin (rare) 
b. Composite (excellent for ala) 
3. Cutaneous epithelial flaps 
a. Folded, distal resurfacing flap 
b. Nasal epithelial “turn-in” flap 
c. Second cutaneous flap (melolabial, forehead) 
4. Intranasal flaps 
a. Ipsilateral septal mucosa flap 
b. Contralateral swinging composite flap (excellent for middle 
vault) 
c. Bipedicled “bucket-handle” flap (small caudal defects only) 
d. Inferior turbinate flap 
5. Labial mucosal flap (small caudal defects) 
. Pericranial flap 
7. Distant microvascular flap 


oO 


lining repair because of the concomitant need for struc- 
tural grafts. An exception might be along the upper one- 
half of the nose, where collapse and contracture are much 
less of a concern. Many times, second-intention healing 
will suffice in this area. Grafts from the hard palate have 
more intrinsic rigidity and may be applied for intermediate 
size defects. 

A composite graft of skin and cartilage from the ear is 
extremely versatile and can be liberally applied to full- 
thickness nasal defects. It may be the technique of choice 
for lining deficits of the distal one-third of the nose, espe- 
cially the alar lobule, because it brings a thin epithelium 
to an area that is normally stratified squamous epithelium 
and includes a structural graft that forms well to the natural 
contour of the ala. Small defects of the alar rim and soft 


COMMON INTERNAL LINING 


TABLE 
177.7 TECHNIQUES FOR GIVEN 
. NASAL REGION 
Middle Vault 


1. Contralateral, swinging composite septal flap 
2. Epithelial “turn-in” flap 
3. Inferior turbinate flap 


Distal 1/3 Alar Lobule 

1. Composite graft from ear 

2. Bipedicled “bucket-handle” flap 

3. Ipsilateral septal mucosal flap 

4. Folded distal resurfacing flap (forehead flap) 


Columella 

1. Composite graft 

2. Septal mucosal flaps 

3. Folded distal resurfacing flap (melolabial flap) 
4. Labial flap 
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tissue facet can be repaired with a composite graft harvested 
from the root of the helix, utilizing the skin on the inner 
surface of the helix, within the concha cymba. Larger defects 
that involve the alar lobule are best reconstructed with a 
composite graft from the conchal bowl. The donor site can 
often be closed primarily with minimal auricular defor- 
mity. Alternatively, a full-thickness skin graft can be secured 
to the donor site. In both cases, the skin portion of the graft 
is closely adhered to the cartilage with little intervening fat, 
thus making it an excellent option for composite grafts. The 
graft should be firmly secured to the undersurface of the 
resurfacing flap, entirely obliterating any potential dead 
space that might arise. A through-and-through bolster is 
very effective for this purpose (Fig. 177.17). 


Cutaneous Epithelium 


Cutaneous epithelium is an additional source for inter- 
nal lining repair and has some distinct advantages. Large 
amounts of tissue can be mobilized to inside the nose 
with little morbidity. Earlier concerns regarding the non- 
physiologic nature of this flap (i.e., bringing keratinizing 
epithelium to the intranasal space) have not borne out 
to be problematic. Desquamation, odor, or crusting has 
not been a major complaint for these patients. There is 
additional thickness and bulk to this type of flap, and it 
is important to thin the skin paddle aggressively prior to 
transposition. Nasal obstruction from a thick flap is dif- 
ficult to correct secondarily. Perhaps the greatest concern 
is the mobilization of sun-exposed and potentially actini- 
cally injured skin to the intranasal portion of the nose, 
especially considering the high nature of recurrence or 
metachronous lesions. The intranasal examination post- 
operatively is best performed by the otolaryngologist and 
with a nasal endoscope. 

A second epithelial flap can be elevated and transposed 
for internal lining repair. Common sites include a sepa- 
rate melolabial flap or second forehead flap. These are 
associated with extra morbidity but may represent a viable 
option for advanced cases (38). Distant tissue through 
microvascular transfer is a more dramatic means of bring- 
ing lining to within the nose. It should be viewed as a pre- 
liminary step requiring subsequent stages for thinning and 
sculpting (39-41). 

The distal portion of the primary resurfacing flap can be 
folded on itself to wrap around a cartilage graft and pro- 
vide internal lining. This utilizes cutaneous epithelium and 
is subject to the same guidelines in terms of risk of transfer- 
ring actinically injured skin. The additional morbidity may 
be minimal for small lining defects since the source of skin 
may be the superior portion of the forehead. The skin pad- 
dle should be thinned aggressively. Moreover, this portion 
of the forehead flap may include the frontal hair and have 
to be trimmed regularly. There is concern over the vascular- 
ity of this distal part of the flap, particularly after folding it 
on itself, but the robust vascular perfusion appears to be 
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Figure 177.17 Internal lining repair with a composite graft. A: 
Full-thickness defect of right ala. B: Superior scar margin excised. 
C: Composite graft from anterior conchal bowl. Cartilage rests on 
bony aperture laterally and is tucked under tip skin. D: Base view 
demonstrating patency and support. 
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adequate. Perhaps the greatest shortcoming has to do with 
the free margin of the ala. Although the intranasal lumen 
may be functionally adequate, the alar rim often takes on 
an unnaturally thick and straight appearance when using 
this method. This option is not used as often for internal 
lining repair. 

The epithelial “turn-in” flap is a versatile flap for internal 
defects limited to the lower half of the nose, especially the 
middle third/lateral nasal wall (42). It utilizes the cutane- 
ous epithelium from the upper nose and turns it in 180 
degrees, so that it faces intranasally. Elevation begins supe- 
riorly in the subdermal plane and descends deeper as one 
proceeds inferiorly in order to create a flap with a healthy 
subcutaneous pedicle. The pedicle base requires careful 
dissection in order to avoid amputation and often leaves 
an area of bulk and fullness to the external nose. The ideal 
defect has the intranasal edge in close proximity to the 
skin edge, allowing for primary edge-to-edge approxima- 
tion. One must closely survey the quality of the skin prior 
to elevation and transfer. In some cases, this flap adds no 
additional morbidity; at times, the “turn-in” flap repre- 
sents skin that would be discarded during the completion 
of the nasal aesthetic subunits. It has the advantage of not 
disrupting the native intranasal mucosa, which can greatly 
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(Continued) E: Forehead flap 
transferred. Note aggressive thinning. F: One-year 
postoperative view showing contour at rim. G: Base 
view demonstrating vestibular patency. 


accelerate recovery. It is limited in terms of the amount of 
skin available and is best suited for smaller internal defects 
(Fig. 177.18). 


Intranasal Tissue 


It is ideal to replace tissue with like tissue, and intranasal 
mucosa has several options that provide a thin, pliable, 
robust, and physiologic lining for the full-thickness nasal 
defect. The inferior turbinate mucosal flap provides a mod- 
est amount of mucosa without major donor site morbidity 
and can be an excellent flap for defects involving the lateral 
aspect of the middle or lower thirds of the nose (43). It 
is rare for a primary cutaneous malignancy to invade so 
far posteriorly that it disrupts the head of the inferior tur- 
binate. Mesenchymal tumors of the lateral nasal wall, on 
the other hand, can extend posteriorly to involve the tur- 
binates or even maxillary sinus. The inferior turbinate flap 
is based anteriorly on its head and is best elevated by first 
extracting the entire turbinate, including bone, as a flap 
based anteriorly. The conchal bone is then dissected off 
and the mucosal flap mobilized to fill the lining defect as 
an interpolated flap. The pedicle is usually quite short and 
does not necessarily require revision. 
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Figure 177.18 Epithelial “turn-in” flap. A: Full-thickness right 
nasal defect with lining deficit of middle third and ala. B: Turn-in 
flap designed. C, D: Flap elevated on subcutaneous pedicle. 
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G ; H 


(Continued) E: Flap turned in with cutaneous epithelium facing intranasally. F: Two- 
layered composite graft to distal vestibule. G, H: Six months showing alar form and patency. 


The bipedicled “bucket-handle” mucosal flap is an excellent 
option for relatively small lining defects along the alar 
lobule. It utilizes intranasal mucosa immediately above 
the defect and hinges it inferiorly as a flap based medially 
and laterally. The anterior septal artery territory does not 
dependably extend laterally to the sidewall, and the lateral 
pedicle must be maintained. Any contribution from the 


ethmoid system is severed by flap design. Wide under- 
mining is critical in order to allow complete mobilization 
inferiorly without superior traction and recoil. A horizon- 
tal relaxing incision can be created with an angled beaver 
knife. The extent of undermining should be to the nasal 
bones, where the secondary donor site defect is allowed 
to heal by second intention. Placing a skin graft to this 


location is an alternative, but rarely necessary. Any superior 
retraction will inevitably lift the free alar margin and 
compromise the alar base symmetry. 

The contralateral septal mucosa can be used via a 
swinging, composite septal flap, based on the dorsal septum 
and the branches of the anterior ethmoid artery. It is an 
excellent means of providing both intranasal lining and 
cartilaginous framework to the middle third of the nose. 
It does not have sufficient size to provide structural frame- 
work to the alar lobule. The cartilage is typically straight 
and can also assist with dorsal support to that area as it 
rests on the boney ledge of the piriform aperture. The ipsi- 
lateral septal mucosa is elevated off the septal cartilage and 
preserved. A full-thickness incision is then made through 
the septum, creating a swinging door of cartilage and con- 
tralateral septal mucosa, based on a hinge along the dor- 
sum. The cartilage rests lateral to the bony ledge, but the 
mucosa is sewn directly to the internal lining margin. There 
is a tendency for the flap to swing back medially, and this 
is resisted by securing the cartilage to the boney aperture. 
The ipsilateral septal mucosa can be used for alar lining for 
larger defects or can be replaced to reconstruct the resultant 
septal perforation. Occasionally, this area will break down 
and a perforation will recur. 

The ipsilateral, septal mucosa flap is a large flap for 
complex internal lining defects of the nose. First described 
by Millard (15) in 1967, it is a thin and dependable flap 
based on the septal branch of the superior labial artery. The 
entire septal mucosa is lifted off the cartilage and mobi- 
lized to line the lower two-thirds of the nose. Tremendous 
care should be observed to stay in the correct subperi- 
chondrial plane, especially if there coexist septal spurs or 
fractures. The pedicle to this mucosal flap may cross the 
nasal vestibule and cause nasal obstruction. This can be 
divided at a subsequent stage. A large septal perforation 
may develop but is only rarely symptomatic. The critical 
prerequisite for this flap is the preservation of the anterior/ 
inferior portion of the septum and the nasal sill, as this 
functions as the flap base. 


Pericranial Flap 


The pericranial flap is a thin and versatile flap often used 
by neurosurgeons for anterior cranial defects. It can also 
be elevated for internal nasal lining and transferred as part 
of the forehead flap. The pericranium should be covered 
with a skin or mucosal graft because, although epitheliali- 
zation will occur eventually, wound contracture and des- 
iccated cartilage may present problems. The forehead flap 
can be elevated full thickness (i.e., with the periosteum of 
the forehead), then split longitudinally to excise the fron- 
talis muscle and create a bifid flap that encapsulates the 
cartilage grafts of the nose. The pericranium is based on 
the same pedicle as the forehead flap but is more tenuous 
and a wider pedicle base may be needed. It can be dunked 
intranasally during the pedicle division at 3 weeks. 
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CONCLUSION 


Nasal restoration in the 21st century has reached a new 
milestone that has brought together centuries of experi- 
ences, lessons, errors, and rewards. The bar has been set 
and it is nothing less than full restoration of normal func- 
tion and complete aesthetic acceptance. The expectations 
for both minor and major nasal repair include symmetry, 
natural contour, excellent color and texture match, and 
a final product that remains inconspicuous to the casual 
observer. The major tenets that have been realized today 
include the wide application of the subunit principle, 
liberal and nonanatomic cartilage grafting, and address- 
ing each of the three layers of the nose diligently and 
independently. The robust nature of the forehead flap 
has expanded its applications and lifted the outcomes of 
major nasal resurfacing. Anticipating resultant scars and 
vectors of tension are the subtle nuances of local flaps that 
ensure a pleasing result. 


m= Using a reconstructive algorithm can assist with flap 
selection and avoiding pitfalls. 

m Alar base symmetry must be preserved with small 
flaps, often requiring cartilage batten grafts and 
careful design. 

= Consideration of the aesthetic subunit principle can 
improve scar camouflage. 

m The forehead flap is a robust flap that remains the 
workhorse for resurfacing large defects. 

m Full-thickness defects must address each of the three 
layers of the nose independently (internal lining, 
structure, and covering). 

= Nasal function is paramount and usually addressed 
with nonanatomic, conchal cartilage grafts resting 
on the lateral nasal wall laterally. 

m All internal lining defects must be meticulously 
repaired with flaps or grafts. 
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Facial Reanimation 


Rehabilitation of the paralyzed face remains a challenging 
problem for otolaryngologists, and its proper manage- 
ment may require input from facial plastic surgeons, 
head and neck reconstruction specialists, otologists, and 
adjunct medical personnel. Following viral nerve insult, 
traumatic nerve injury, or intentional sacrifice with repair 
or cable grafting, regenerative results vary greatly and can 
lead to hypofunction, hyperfunction, aberrant regenera- 
tion, or a combination of these phenomena. The func- 
tional problems related to facial paralysis are extensive. 
In the upper face, they include brow ptosis, leading to a 
visual field deficit and hygiene issues related to skin des- 
quamation onto the cornea. In addition, loss of a blink 
reflex leads to corneal exposure of the affected eye, there 
is lacrimal gland hypo- or hyperfunction, and lower lid 
paralysis results in ectropion as well as poor lacrimal 
punctal function. In the central zone of the face, patients 
may suffer with unilateral nasal obstruction, upper lip 
ptosis, lack of oral commissure excursion with smil- 
ing, oral incompetence to both liquids and solids, and 
articulation problems. In the lower face, lower lip weak- 
ness also contributes to oral incompetence, and platys- 
mal synkinesis can restrict smiling and lead to superficial 
torticollis symptoms. Facial paralysis also has a signifi- 
cant impact on nonverbal communication, and the loss 
of one’s ability to express positive emotions on the face 
rivals the above-listed issues as the most dominant source 
of patient devastation. 

Herein, we review the management of facial nerve 
deficits and describe the surgical management of each 
distinct zone of the paralyzed face, with regard to recov- 
ery potential, prognosis, and patient factors that con- 
tribute to surgical decision making. We emphasize the 
systematic assessment of each facial zone as a critical 
step to ensure comprehensive management of the para- 
lyzed face (1). 


Tessa A. Hadlock 


Nerve Injury Classification 


Nerve injuries are classified according to the level of micro- 
anatomical disruption. According to the Sunderland clas- 
sification system (2), level 1 injury has no microanatomic 
disruption but a simple temporary dysfunction of the 
membrane sodium channels, resulting in transient inabil- 
ity of the nerve to transmit impulses. In level 2 injury, 
axons are disrupted, though their individual endoneurial 
channels are not, so that when regeneration occurs, there is 
little to no axonal misrouting. In level 3 injury, endoneu- 
rial sheaths are violated, though perineurium is left intact. 
Recovery from this type of injury occurs over months and 
inevitably results in some synkinesis. Level 4 injury implies 
total perineurial disruption, where only the outer epineu- 
rial sheath is intact, and spontaneous recovery is generally 
poor. Level 5 injury refers to total anatomic disruption, 
including the epineurium. No spontaneous recovery is 
expected from this injury without surgical intervention. 


Management of Neural Discontinuity 


In cases of complete facial nerve disruption, reestablish- 
ment of direct nerve continuity is required for restoration 
of muscle function. Reapproximation of freshened edges 
must be accomplished without placing tension across the 
suture line, through simple epineurial sutures. When injury 
occurs within the temporal bone, thorough exposure of the 
site of injury is recommended, and surgical repair is indi- 
cated when 50% of the diameter of the facial nerve appears 
to have been violated (3). 

After facial nerve injury or sacrifice, if a tensionless 
neurorrhaphy is not possible because of a gap between 
the cut edges, then a nerve graft is employed to bridge the 
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neural defect. In facial nerve reconstruction, the three most 
commonly employed nerve grafts are the great auricular 
nerve, the sural nerve, and the medial antebrachial cutaneous 
nerve (Fig. 178.1). For short nerve gaps in the absence of 
head and neck malignancy, the great auricular nerve is a 
convenient choice. This often does not require a separate 
incision from the primary facial nerve exposure incision. 
The resulting anesthesia to the ipsilateral auricle is well 
tolerated, and the nerve is of adequate diameter and caliber 
to provide a suitable graft. However, for nerve gaps of greater 
than 10 cm, the great auricular nerve does not always pro- 
vide sufficient length, and the sural nerve becomes a better 
option. The nerve is removed from the leg via a short inci- 
sion adjacent to the lateral malleolus and can be harvested 


Figure 178.1 Common donor nerves in facial nerve reconstruc- 
tion. A: Great auricular nerve. B: Sural nerve. C: Medial antebrachial 
cutaneous nerve. 
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through a series of stair-step incisions, a minimally 
invasive stripping technique, using endoscopic equipment 
(Fig. 178.2). The resulting segment of anesthetic skin on 
the dorsum of the foot does not pose a significant clinical 
problem, and the nerve can yield up to 30 cm in length. 
For total facial nerve reconstruction from the main trunk 
to the peripheral branches, the medial antebrachial cuta- 
neous nerve is most appropriate. There are at least four 
reliable branches, and it provides adequate length to graft 
the entire facial nerve, from the geniculate ganglion to the 
medial border of the parotid gland. 

For both primary nerve repair and nerve grafting, 
surgery should be performed within the first 72 hours after 
injury or sacrifice, irrespective of the need for subsequent 
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Figure 178.2 Endoscopic view of sural nerve during harvest. 
Note the nerve at the 6 o'clock position. 


radiation therapy (4). During this time frame, the dis- 
tal nerve segments retain electrical stimulability, making 
identification easier. Meticulous debridement and careful 
microsurgical technique are of paramount importance in 
optimizing outcome. There is debate as to the best method 
of nerve coaptation, as it applies to both primary and graft 
repair. Epineurial repair has been contrasted to fascicular 
repair, though no study has convincingly demonstrated 
improved regenerative outcome based upon fascicular 
facial nerve repair. Therefore, given its relative simplicity, 
the current standard is to perform epineurial suture repair. 
Though not fully established as more efficacious, it is now 
becoming commonplace to further reinforce the repair 
using fibrin glue stabilization (5). 


Reinnervation Techniques 


When the reestablishment of neural continuity is not 
possible based upon absence of an adequate proximal 
facial nerve stump at the brainstem, or severe comminu- 
tion within the temporal bone, an alternative approach to 
restoring neural input to the facial musculature involves 
nerve substitution. This approach, also termed reinnerva- 
tion, involves performing surgery to deliver neural input 
to the distal facial nerve and musculature via an alterna- 
tive motor nerve. The hypoglossal facial transfer is most 
often used, though investigators have studied the utility of 
the spinal accessory nerve, the motor branch to the ster- 
nocleidomastoid muscle, and the masseteric branch of the 
trigeminal nerve as alternative inputs for the distal facial 
trunk. Axonal ingrowth through the distal facial nerve to 
the target muscles provides resting tone to the facial mus- 
culature, and voluntary movement of the tongue, shoul- 
der, or muscle of mastication elicits facial movement. 
Reinnervation techniques are most commonly employed 
following skull base tumor resection, when the facial nerve 
is sacrificed at the brainstem, or when the facial nerve is 
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not actually sacrificed but does not appear to be reaching 
facial muscle targets after a 12-month waiting period, 
based upon clinical examination and electrophysiologic 
studies. 

The advantages of the hypoglossal nerve as a donor for 
reinnervation techniques include its location, close to the 
extratemporal facial nerve; its dense population of motor 
axons; and the relative acceptability of the resultant hemi- 
tongue weakness. In the classic XII-VII transfer, the entire 
hypoglossal nerve is transected and reflected superiorly, 
and a neurorrhaphy to the facial nerve stump is performed 
(Fig. 178.3A). Several modifications have been described 
(G) (Fig. 178.3B-D), including the “split” XII-VI transfer, 
where approximately 30% of the width of the hypoglos- 
sal nerve is divided from the main trunk of the nerve for 
several centimeters, and secured to the lower division of 
the facial nerve (Fig. 178.3B). Another modification is the 
XII-VII jump graft, designed to reduce tongue morbidity 
by avoiding the splicing away of a significant length of the 
hypoglossal trunk. This involves an end-to-side neuror- 
thaphy between the hypoglossal nerve and a donor cable 
graft (usually the great auricular nerve), which in turn is 
sewn to the distal facial trunk (9) (Fig. 178.3C). This modi- 
fication evolved from a more precise appreciation of the 
microanatomy of the hypoglossal nerve, which demon- 
strates interwoven fascicular architecture; separating a 30% 
segment away from the main trunk for several centimeters 
divides a significantly greater number of axons than if the 
fibers were oriented in parallel. 

In circumstances where the facial nerve can be mobilized 
within the temporal bone and reflected inferiorly, removal 
of the mastoid tip has permitted direct coaptation of the 
facial nerve to the hypoglossal nerve, without the need for 
an interposition graft (see Fig. 178.3D). Elimination of the 
cable graft provides a theoretical regenerative advantage by 
reducing from two neurorrhaphies to one. 


Surgical Technique 


The classic XU-VII procedure is performed via a modified 
Blair parotidectomy incision. The main trunk of the facial 
nerve and the pes anserinus are identified using standard 
facial nerve landmarks. The hypoglossal nerve is identified 
deep to the posterior belly of the digastric muscle and is 
followed anteriorly, to just beyond the branching of the 
descendens hypoglossi. The hypoglossal nerve is sharply 
transected and reflected superiorly to meet the facial nerve. 
The facial nerve is transected at the stylomastoid foramen, 
reflected inferiorly, and secured to the hypoglossal nerve 
with several 10-0 nylon epineurial microsutures. 

The split XH-VU transfer (Fig. 178.3B) provides many 
fewer axons and is therefore best utilized only for the 
lower segment of the face. In the jump graft procedure 
(Fig. 178.3C), the great auricular nerve graft is harvested 
and interposed between the hypoglossal nerve and the 
facial stump. For the facial nerve mobilization out of the 
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Figure 178.3 Hypoglossal facial nerve transfer. Hypoglossal nerve is shown in green, facial nerve in 
orange. A: Classic procedure, with entire hypoglossal nerve transected. B: Modification with 40% seg- 
ment of nerve secured to lower division. C: Jump graft (purple) modification. Insert shows how graft 
is positioned to capture axons extending from the proximal aspect of the opened hypoglossal nerve. 
D: Reflection of the facial nerve out of the mastoid bone to meet the hypoglossal nerve in the neck. 


temporal bone, the proximal facial nerve is mobilized 
from the temporal bone via mastoidectomy approach, sec- 
tioned at the second genu, and transposed into the neck 
by removal of the mastoid tip. The facial nerve can be fur- 
ther mobilized by dissecting it away from the parotid tis- 
sue beyond its bifurcation. The end-to-side neurorrhaphy 
is executed by removing a segment of hypoglossal epineu- 
rium, then cutting a 30% opening into the hypoglossal 
nerve and allowing exposure of the severed axons. 

With a XII-VII transfer, good resting facial tone is 
achieved in over 90% of patients. When successful, the 
transfer allows deliberate facial movement with intentional 
manipulation of the tongue. Results are variable, and it is 
generally agreed that reinnervation must be performed 
within 2 years following injury, before facial muscle fibro- 
sis and atrophy progress to a point where meaningful tone 
and movement are not achievable. 

Two significant drawbacks of the procedure are the mass 
facial movement experienced by many patients and the 
variable tongue dysfunction, which has been categorized 
as “severe” in up to 25% of patients. Articulation and mas- 
tication difficulties are commonly cited. The modifications 
mentioned above are aimed at one or the other of these 
two problems. The procedure is contraindicated in patients 
who are likely to develop other cranial neuropathies (i.e., 
neurofibromatosis type II) or who have ipsilateral tenth 
nerve deficits, as the combined X-XII deficit can result in 
profound swallowing dysfunction. 


VII-VII Cross-Face Grafting 


Some have advocated utilizing branches of the contralat- 
eral facial nerve to drive the denervated facial musculature. 
It is the only donor source with the potential for mimetic 
function (the involuntary blink and emotive smile), and 
it is significantly arborized distally, so several branches 
may be sacrificed for use in cross-facial grafting, without 
adversely affecting the healthy side. Donor branches con- 
tain many fewer motor axons than the hypoglossal to 
power the paralyzed side, so the motor input provided by 
the hypoglossal nerve is distinctly superior. The use of the 
contralateral facial nerve strictly for reinnervation of native 
facial musculature has largely been replaced by cross-face 
nerve grafting in conjunction with free muscle transfer. 


ZONAL APPROACH TO THE PARALYZED 
FACE 


The goal of modern facial reanimation surgery is to address 
each specific functional and aesthetic zone of the face dur- 
ing the rehabilitation process (1). In order to identify spe- 
cific zonal deficits, it is helpful to divide the face into upper, 
middle, and lower facial zones and to systematically char- 
acterize each of the issues that arise within those zones. 
Then, the choice as to whether to pursue a static correction 
of position of facial landmarks, a dynamic reconstruction 
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that introduces movement, or alternative reanimation 
techniques can be made separately for each area. Below, we 
present approaches to each zone of the face, based upon 
location and functional issue. 


The Upper Facial Zone 


The three key regions in the paralyzed upper face are the 
brow, the upper eyelid, and the lower eyelid. In facial nerve 
dysfunction, the brow is most commonly ptotic, though 
it can also be in a balanced position, or be paradoxically 
hyperelevated. Significant brow ptosis can seriously impair 
peripheral vision. The upper eyelid can be superiorly mal- 
positioned, from both paralysis of the orbicularis oculi 
and foreshortening of the levator palpebrae superioris 
(LPS) based upon the lack of periodic passive stretching 
of the muscle from the orbicularis oculi. The lack of pas- 
sive stretch results in inappropriate cross-linking of the 
LPS myosin bridges, resulting in foreshortening. In chronic 
synkinesis (i.e., after viral facial paralysis or skull base sur- 
gery), the upper lid can also be inferiorly malpositioned 
and can be accompanied by acquired ptosis, likely from 
disinsertion of the tendon of the LPS under the chronic 
influence of the hyperkinetic orbicularis oculi. The flaccid 
lower eyelid can fall away from the globe, producing both 
scleral show and ectropion. Synkinesis results in superior 
malposition of the lower lid, with a slit-like palpebral fis- 
sure. Hyperlacrimation with eating, termed the syndrome 
of crocodile tears, or Bogorad syndrome, must also be 
assessed. 

Based upon analysis of the upper facial issues, a man- 
agement plan is designed. Usually, the brow and upper 
lid are addressed surgically, even when recovery through 
a graft is expected. Surgical management of the lower lid 
may be reserved for cases in which permanent flaccidity is 
clinically apparent. 


Surgical Techniques 

For the inferiorly positioned brow, surgical correction is 
ordinarily performed in the office setting. The brow can 
be secured into its proper position either by perform- 
ing subperiosteal dissection followed by soft tissue fixa- 
tion using biodegradable polymeric devices (Endotine 
Inc., Coapt, Palo Alto, CA) or by using suture-bearing 
bone pins. Additional options for brow ptosis correction 
include direct brow lifting and midforehead brow lift- 
ing. Alternatively, a two-stitch subcutaneous brow lift can 
be executed (Fig. 178.4). Using either surgical approach, 
excellent correction of brow position can be achieved. 
Recurrent brow ptosis may occur and is usually amenable 
to office revision. 


The Upper Eyelid 

There are three approaches to the flaccidly paralyzed 
upper eyelid: eyelid-weighting techniques, eyelid spring 
placement, and tarsorrhaphy. The most common and 
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Figure 178.4 Suture-based brow lifting tech- 
nique, showing placement of sutures from brow 
to bone pins. 


predictable of these approaches is placement of a weighted 
implant, made of either gold or platinum. The thin profile 
platinum weight is preferred (7), given its higher density 
and the lack of reported allergic reactions, which occur 
up to 9% of the time using gold. The thin implants are 
barely visible beneath the skin, compared with thicker 
gold implants; the technique is straightforward and is 
performed under straight local anesthesia. An incision is 
made in the supratarsal crease, and a plane is developed 
deep to the orbicularis oculi, exposing the anterior surface 
of the tarsal plate. The implant is inserted and centered 
over the medial limbus. It is secured with permanent 6-0 
clear nylon sutures to the tarsal plate (Fig. 178.5). If suf- 
ficient recovery to protect the cornea does occur through a 
nerve graft or via reinnervation, the eyelid weight is easily 
removed. 

Eyelid springs are designed to achieve a more natural 
blink. However, the procedure carries a high revision rate, 
nearly 100%, and therefore lacks the reliability of the eye- 
lid-weighting techniques. Tarsorrhaphy techniques (Fig. 
178.6) are extremely effective at protecting the cornea but 
yield the least favorable aesthetic result. 

For the hypertonic, inferiorly positioned upper lid 
seen in ocular synkinesis, lateral canthal botulinum toxin 
administration is effective in resolving hyperkinesis, 
improving quality of life, and restoring a normal palpebral 
fissure width (Fig. 178.7) (8). This approach involves serial 
treatments at 4- to 6-month intervals. 


The Lower Eyelid 

The weak lower eyelid may be addressed using tarsal strip 
procedures, in which a small segment of the lateral tar- 
sus is removed to tighten the lower lid, though this may 
not have the desired long-term effect in the paralyzed eye. 
More long-lasting approaches include placement of a fas- 
cia lata sling from the nasal bone medially, through the 
lower eyelid on the lower tarsal plate, to the superolateral 
orbital rim (Fig. 178.8). The surgical technique involves 
harvesting fascia lata from the thigh and the creation of 
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a 0.5-cm x 10-cm strip. The fascia is secured to the nasal 
bone via a single bone anchor and tunneled subcutane- 
ously with the use of a fascia needle. A small nick is made 
in the lateral brow, to expose a segment of the superolat- 
eral orbital rim. A through and through hole is drilled in 
the lateral orbital rim with a 1.5-mm otologic drill, and a 
suture is passed through the fascia lata and through the 
bone. This provides a “seat belt” for the lower lid, and ten- 
sion can be very precisely set on the lower lid to achieve 
the proper location. This procedure provides good long- 
term results; however, the surgical technique possesses a 
steep learning curve. 


Lacrimal Function 

Facial nerve damage proximal to the geniculate ganglion 
can result in inappropriate tearing during salivation, 
where fibers intended for the salivary glands are misrouted 
to the lacrimal gland. This phenomenon is known as 
Bogorad syndrome (synonymous with the syndrome of 
crocodile tears). Hyperlacrimation with eating can be 
managed with botulinum toxin injection into the lacri- 
mal gland (9). Occasionally, there is normal tear volume 
that masquerades as hyperlacrimation, based upon fail- 
ure of the punctal system to adequately drain the fornix. 
Dacryocystorhinostomy, lower lid correction, and good lid 
hygiene can ameliorate this condition. Hypolacrimation 
is treated with periodic administration of artificial tears. 


The Middle Facial Zone 


Functional and aesthetic issues that arise in the midface 
include nasal base malrotation, leading to external nasal 
valve collapse, malposition of the nasolabial fold (NLF) 
(either hyperprominence or effacement), upper lip ptosis, 
philtral deviation, and poor excursion of the oral com- 
missure (1). Hypertonic facial paresis, such as that seen 
following poorly recovered Bell palsy or Ramsay Hunt syn- 
drome, generally leads to an overprominence of the naso- 
labial fold. 


Surgical Techniques 

The Nose 

External nasal valve collapse is addressed with a fascia lata 
sling technique (10). A segment of fascia lata is harvested 
from the lateral thigh and tunneled subcutaneously from 
a temporal and preauricular incision to an incision made 
in the alar crease. The fascia lata is secured medially to the 
sesamoid cartilages in the nasal ala and laterally to the true 
temporalis fascia (Fig. 178.9). Additional lower lateral car- 
tilage batten grafting may help in cases of persistent valve 
collapse due to lower lateral cartilage in-bowing during 
inspiration. 


The Nasolabial Fold 

Nasolabial fold abnormalities are addressed according 
to whether there is flaccid or hypertonic facial paralysis. 
Suture suspension techniques analogous to those used 
during face lifting are placed either medial to the fold (to 
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Figure 178.5 Eyelid weight placement. A: Weight inserted 
directly onto tarsal plate. B: Sutures prevent mobility of the 
weight. C: Location of weight centered over medial limbus. 


define an effaced NLF) or lateral to the fold (to soften a 
hyperprominent NLF) (1). 

Botulinum toxin chemodenervation in the midface is 
not helpful for nasolabial fold hyperprominence, as it fre- 
quently results in upper lip ptosis without correcting the 
asymmetry. 


The Oral Commissure and Smile 

Restoration of the smile is one of the most important 
goals of the facial reanimation surgeon. While every indi- 
vidual possesses a slightly different smile, there are three 
basic smile shapes (11), which are classified depending 
upon which muscle groups dominate during smiling 
(Fig. 178.10). Sixty-seven percent of individuals possess a 
“zygomaticus major” smile, in which the zygomaticus mus- 
cles and buccinator muscle have the strongest action during 
emotive smiling. In 30% of individuals, the zygomaticus 
and levator labii superioris muscles codominate, giving a 
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Figure 178.6 Technique for tarsorrhaphy. A: Scoring of the con- 
junctival surfaces. B: Placement of a suture with silastic tube bol- 
sters. C: Final closure. 


“canine” smile. The most infrequently encountered smile 
type is the “full-denture” smile, occurring in 2% of the 
population and characterized by equal action of both the 
lip elevators and depressors. It is important in patients with 
unilateral paralysis to observe which smile type is present, 
so that reconstructive efforts can most closely match the 
unaffected side. 

Options for reanimation of the midface and oral 
commissure include regional or free muscle transfer for 
dynamic reanimation or fascia lata suspension for static 
reanimation. Ordinarily, static suspension is reserved for 
patients with a poor prognosis, in whom regional muscle 
transfer is not a practical option, or dynamic reanimation 
failures. For regional muscle, the temporalis, masseter, and 
digastric muscles have been utilized, but in the past decade 
nearly all reanimation surgeons have abandoned the use 
of the masseter muscle, based upon its unfavorable vector 
pull and the significant contour defect it leaves. The tem- 
poralis muscle is the mainstay of regional muscle trans- 
fer, based upon its surgical simplicity and its fan-shaped 


architecture, permitting precise vector matching with the 
individual’s native smile type. 


Temporalis Transfer 

The procedure is performed through an incision from the 
superior temporal line down to the attachment point of 
the lobule and may extend several cm below the angle 
of the mandible. There are two contemporary approaches to 
transferring the muscle. The first approach involves elevat- 
ing the temporoparietal fascia off the superficial surface of 
the temporalis muscle, on its vascular pedicle, and rotat- 
ing it posteriorly to reveal the muscle. A 1.5-cm strip of 
the muscle is elevated off the calvarium to the level of the 
zygomatic arch and reflected over the arch to reach the 
modiolus. The second approach, emerging in popularity in 
the past several years, is to expose the temporalis tendon as 
it attaches to the coronoid process and to remove it from 
the bone and secure it to the modiolus. This can be per- 
formed through a lateral incision (as above) or through a 
nasolabial crease incision, or intraorally. 


Figure 178.7 Management of periocular synkinesis with botuli- 
num toxin. Top: Pretreatment view of eye while smiling. Bottom: 
Posttreatment view of same. Note more close matching of the 
palpebral fissure to the normal side. 
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Potential problems arising after temporalis muscle 
transfer include a visible bulge overlying the zygomatic 
arch (when using the first method described above), 
excess midfacial bulk, hollowing and/or alopecia in the 
temporalis fossa, and inadequate excursion of the trans- 
ferred muscle. These problems can be largely avoided 
with meticulous surgical technique and proper candidate 
selection. Edentulous patients who are likely to have 
disuse atrophy of the muscle and those with preoperative 
wasting or trigeminal dysfunction are not good surgical 
candidates. 


Free Muscle Transfer 

Patients under the age of 70, in whom life expectancy is 
greater than 2 years, make good candidates for free muscle 
transfer. The most important advantage of this approach is 
that when it is driven by a cross-face nerve graft, it has the 
potential to yield an involuntary, emotive smile, and excur- 
sion is often greater than that seen using temporalis transfer. 
Because this approach involves microvascular anastomo- 
ses, and sometimes requires multiple operations, patients 
with vascular disease or other significant comorbidities are 
not appropriate candidates. Free muscle can alternatively 
be driven by the ipsilateral motor branch to the masseter 
muscle as a single-stage operation, which results in higher 
success rates and greater excursion but does not provide a 
completely involuntary, spontaneous emotive smile. 


Figure 178.8 Fascia lata sling to lower eyelid. A: Schematic demonstrating technique. B: Preoperative 


view. C: Postoperative view. 
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Figure 178.9 External nasal valve repair via fascia lata sling from 
alar base to zygoma. Top: Alar makings. Middle: Fascia lata graft 
over its tunnel. Bottom: Graft in place. 


First-Stage Cross-Face Nerve Grafting 

A preauricular incision is made on the nonparalyzed side, 
and a flap is raised on the parotidomasseteric fascia to the 
anterior border of the parotid gland. Dissection within the 
masseter fascia is carried out to identify several facial nerve 
branches. The branches yielding isolated smile movement 
are selected as the donor branches and transected sharply. 
A sural nerve graft is harvested from the leg and tunneled 
subcutaneously from the donor branches, across the upper 
lip, to the gingivobuccal sulcus on the paralyzed side, 
where the tip of the graft is marked with a 4-0 nylon suture. 
Nerve coaptation is performed between the sural nerve and 
the donor facial nerve branches, using 10-0 nylon sutures 
(Fig. 178.11). The penetration of axons into the graft is fol- 
lowed clinically by tapping on the graft (the Tinel sign); tin- 
gling in the zygomaticus muscle groups on the donor side 
indicates the presence of regenerating axons. Ordinarily, 
second-stage free muscle transfer ensues 6 to 9 months later. 


Free Muscle Transfer 

The gracilis muscle was the first muscle utilized in success- 
ful facial reanimation (12) and remains the most popular 
choice for this purpose, though pectoralis minor and latis- 
simus dorsi are favored by some centers. 

The gracilis muscle is harvested from the medial aspect 
of the thigh. An incision is made 1.5 cm posterior and 
parallel to a line connecting the pubic tubercle to the 
medial condyle of the tibia. The belly of the gracilis muscle 


is identified, and the vascular pedicle is located entering 
the deep surface of the muscle, 8 to 10 cm distal to the 
pubic tubercle. The obturator nerve is then identified 2 to 
3 cm proximal to the vascular pedicle and similarly traced. 
The flap is harvested, and the length of muscle required is 
determined by measuring the distance from the oral com- 
missure to the tragus and adding 2 cm. Thus, upon inset, 
resting length of the muscle is reestablished. 

For facial inset, a preauricular incision is made and 
extended to just below the mandible, and the facial vessels 
are prepared for microvascular anastomosis. A thick skin 
flap is raised, extending medially to expose the orbicularis 
oris. In the two-stage procedure, the stump of the cross- 
face nerve graft is identified in the gingivobuccal sulcus 
for the neurorrhaphy, and in the single-stage procedure, 
the masseteric nerve is identified by dividing masseter 
fibers off the zygomatic arch to expose the nerve on the 
deep muscle surface. The gracilis muscle is then secured to 
the modiolus, stretched to its resting tension length, and 
secured to the temporalis fascia in the appropriate vector, 
taking into account the patient's healthy side smile vector. 
The microvascular anastomoses and the neurorrhaphy are 
performed, and the incisions are closed over suction drain- 
age (Fig. 178.12). 

Movement is expected starting approximately 3 months 
after transferring a trigeminally driven muscle and 8 to 
10 months following cross-face nerve graft-driven mus- 
cle transfer (Fig. 178.13). Drawbacks include excessive 
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Figure 178.10 The smile types. A: Zygomaticus smile, 
dominated by zygomaticus major and minor and risorius. 
B: Canine smile, dominated by zygomaticus muscles and 
upper lip elevators. C: Full-denture smile, dominated by lip 
elevators and depressors. 
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Placement of a cross-face nerve graft. Note sev- 
eral midface branches are sacrificed and routed into the graft. 


midfacial bulk and the 8% to 30% failure rate, universally 
cited among those who perform this operation routinely. 
Failure is thought to occur secondary to poor ingrowth 
of the donor nerve fibers into the transferred muscle. Less 
commonly, microvascular failure or improper resting 
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Expected result 12 months following successful 
free gracilis muscle transfer for flaccid facial paralysis from sacri- 
Inset of the gracilis muscle. Note the suture lines fice during acoustic neuroma surgery. Top: Preoperative smile. 
at either end of the transferred muscle. Bottom: Postoperative smile. 
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B 


Hypertonic lower facial paralysis following poorly recovered Bell palsy. A: Classic 
pucker in mentalis muscle. B: Downturned oral commissure. 


tension of the muscle may result in an unsatisfactory 
outcome. 


Within the lower face, the lower lip, the chin, and the neck 
require independent assessment. The lower lip tends to 
be superiorly displaced, based upon lack of tone from the 
depressor anguli oris and the depressor labii inferioris. In 
hypertonic facial paralysis, there may be significant hyper- 
tonicity in the mentalis muscle and the platysma, which 
leads to chin puckering and excessive downturning of the 
corner of the mouth (Fig. 178.14). Lower lip displace- 
ment can be managed by contralateral lower lip weakening 


techniques, which would include either chemodenerva- 
tion with botulinum toxin (Fig. 178.15) or transection of 
fibers of the contralateral depressor labii inferioris (13). 
Dynamic reanimation to the affected lower lip has been 
described, using digastric muscle transfer, and several sur- 
geons have described the utility of free platysma transfer to 
the lower lip, though the high success rate of contralateral 
lower lip weakening has diminished the focus on dynamic 
lower lip techniques. 

Mentalis dimpling is effectively managed with che- 
modenervation therapy, and platysmal synkinesis is elimi- 
nated either using botulinum toxin or via office-based 
platysmectomy (Fig. 178.16) (14). 


The effect of contralateral (right) lower lip chemodenervation for left lower lip 


weakness. A: Pretreatment. B: Posttreatment. 
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Figure 178.16 Platysmectomy. Above: Schematic outlining the 
1 cm of gracilis to be removed. Below: Close-up schematic dem- 
onstrating cross-clamping of muscle prior to cautery and removal. 


SUMMARY 


Rehabilitation of the paralyzed face is a challenging medi- 
cal, surgical, and physical therapy problem. The manage- 
ment strategies are determined by many critical variables, 
and a systematic approach to the problem is absolutely 
mandatory. Careful evaluation of each of the different 
facial zones will provide the best, most all-encompassing 
plan for each individual patient. In addition to surgi- 
cal intervention, there is a critical role for both directed 
physical therapy and botulinum toxin chemodenervation 
(8,9,15). These adjuncts are relevant in the acutely para- 
lyzed face (brow and lower lip), as well as the hypertonic, 
synkinetic face (lacrimal gland, orbicularis oculi, men- 
talis, and platysma). Management via a team approach, 
which includes neuro-otologists, facial plastic surgeons, 
head and neck surgical oncologists, oculoplastic sur- 
geons, and physical therapists together, will optimize the 
outcome. 
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m Facial paralysis has significant functional, aesthetic, 
and communication consequences. 

m Nerve injuries are classified using the Sunderland 
scale according to severity, and neural discontinuity is 
managed with timely primary repair or nerve grafting. 

= Hypoglossal—-facial transfer provides global input 
to the facial musculature when there is no proximal 
facial nerve stump for grafting. 

= Smile reanimation is accomplished using either 
free or regional muscle, and results achievable can 
match the excursion of normal smiling. 

m Physical therapy, botulinum toxin chemodenerva- 
tion, and office adjunct procedures play a critical 
role in thorough management of facial paralysis. 
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Surgical Anatomy of the 
Nose: A Foundation for 


Rhinoplasty 


David W. Kim 


Success in rhinoplasty depends on the surgeon’s ability to 
create favorable functional and cosmetic changes to the 
nose. The operation is difficult for a number of reasons: 
noses are complex, three-dimensional, highly variable 
structures; most maneuvers attempt to alter a framework 
that has inherent resistance to manipulation; and the 
changes that are created are often subtle and subject to 
relentless postoperative forces of scar contracture. To over- 
come these challenges, the surgeon must have the ability 
to analyze a nose and match its variations to underlying 
structural correlates. Techniques may then be chosen to 
alter these structures into an optimal form while maintain- 
ing support and function. Finally, the maneuvers must be 
executed with meticulous precision. In rhinoplasty, these 
steps of diagnosis, selection of technique, and execution 
are possible only with a clear understanding of the com- 
plex anatomy. 

This chapter describes sequentially the anatomy of the 
different regions and components of the nose. Infinite 
variations of these regions exist and may be the result of 
differences in ethnicity, gender, age, trauma, congenital 
deformity, or prior surgery. The unique structural charac- 
teristics of each nose underlie each individual’s external 
appearance and may motivate that person to seek surgery. 
Whether or not these variations should be classified as vari- 
ant anatomy is a semantic question, but because of this 
huge diversity, it is problematic to designate a “normal” 
archetypal anatomy toward which rhinoplasty surgery 
should aspire. 

Each section in this chapter begins with general ana- 
tomic concepts, detailing the orientations and relations 
that are most commonly encountered. Subsequently, “vari- 
ations” from normal anatomy are discussed, particularly as 
they pertain to rhinoplasty. A separate section focuses on 
the structural architecture of the nose, emphasizing how 
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the various individual anatomic elements integrate into 
a stable unit. Although the chapter emphasizes anatomy 
predominantly, discussions on rhinoplasty philosophy, 
analysis, technique, and complications are included where 
germane. 


Discussion of the surface anatomy of the nose begins within 
the larger contextual framework of the face. In general, the 
nose occupies the central horizontal third of the face, from 
the glabella to the subnasale, and central vertical fifth, 
between the medial canthi. Variations of nasal dimension 
and position may cause the nose to extend outside of these 
confines. These divergences may draw attention to the nose 
and may therefore be a patient’s motivation to undergo 
rhinoplasty. Directional references and topographic land- 
marks are illustrated in Figures 179.1 through 179.5. 


Subunits 


The external topography of the nose is divided into six 
subunits. These consist of the nasal dorsum, sidewalls, tip, 
columella, ala/sill, and soft triangles (Fig. 179.6). These 
areas are defined by the shadows and highlights cast by 
incident light. Human visual processing depends on these 
light-dark contrasts to form a perception of the nose. The 
subunits do not necessarily have sharply defined bound- 
aries and do not mirror exactly the underlying anatomic 
structures. Nonetheless, it is crucial for the nasal surgeon 
to identify them in preoperative assessment, particularly 
in external nasal reconstruction. During reconstruction, 
effort should be made to place scars within subunit bor- 
ders whenever possible, as the human eye is more apt 
to discern a scar that traverses across a subunit than one 
that outlines it. This may require a surgeon to resect and 
replace an entire subunit (or subunits) involved, rather 
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Figure 179.1 Topographic key landmarks and accepted 
designations for (A) frontal and (B) oblique views of the nose. 
1, Glabella; 2, nasion, nasofrontal angle; 3, rhinion (osseocartilagi- 
nous junction); 4, tip-defining point; 5, infratip lobule;6, columella; 
7, columella-labial junction; 8, facet; 9, alar sidewall; 10, alar—facial 
junction; 11, medial crural footplate; 12, supra-alar crease; 
13, alar margin; 14, philtrum; 15, philtral crest; 16, supratip dor- 
sum. (From Tardy ME. Surgical anatomy of the nose. New York: 
Raven Press, 1990, with permission.) 


Figure 179.2 A: Topographic key landmarks and accepted desig- 
nations for lateral view of the nose. 1, Glabella; 2, nasion (nasofron- 
tal junction); 3, rhinion (osseocartilaginous junction); 4, tip-defining 
point; 5, infratip lobule; 6, columella; 7, columella—labial junction; 
8, facet; 9, alar lobule; 10, alar-facial junction; 11, medial crural 
footplate; 12, supra-alar crease. B: Topographic key landmarks and 
accepted designations for basal view of the nose. 1, Tip-defining 
point; 2, interdomal area, alar lobule; 3, infratip lobule; 4, columella; 
5, medial crural footplate; 6, columellaabial junction; 7, philtrum; 
8, nostril aperture; 9, facet; 10, alar sidewall; 11, alar—facial junction; 
12, nostril sill. (From Tardy ME. Surgical anatomy of the nose. New 
York: Raven Press, 1990, with permission.) 


Figure 179.3 Key anatomic landmarks (A) and standard terminology 
(B) for lateral view of fresh cadaver dissection of nose. 1, Nasofrontal 
suture line; 2, nasal bone; 3, intranasal suture line; 4, osseocartilagi- 
nous junction (rhinion); 5, nasomaxillary suture line; 6, ascending pro- 
cess of maxilla; 7, levator labii superioris muscle; 8, transverse nasalis 
muscle; 9, cephalic portion of ULC (articulates to undersurface of nasal 
bone); 10, piriform margin; 11, sesamoid cartilages; 12, cartilaginous 
dorsum; 13, upper lateral cartilage; 14, caudal free margin of ULC; 
15, intercartilaginous ligament; 16, quadrangular cartilage; 17, ante- 
rior septal angle; 18, tip-defining point alar cartilage; 19, lateral crus of 
alar cartilage; 20, concavity (“hinge”) of lateral crus; 21, lateral aspect 
of lateral crus; 22, alar lobule; 23, infratip lobule; 24, columella. (From 
Tardy ME. Surgical anatomy of the nose. New York: Raven Press, 1990, 
with permission.) 


LOBULE 


INFRATIP LOBULE 


Figure 179.4 Additional anatomic landmarks (A) and standard nasal terminology of base of nose 
(B). 1, Apex of alar cartilage; 2, medial genu; 3, lateral genu; 4, transitional segment; 5, lateral crus; 
6, medial crus; 7, medial crural footplate; 8, nostril aperture; 9, nostril floor; 10, nostril sill; 11, lateral 
alar sidewall; 12, alar lobule; 13, alar—facial junction; 14, anterior septal angle; 15, caudal septum; 16, 
maxillary crest; 17, nasal spine; 18, infratip lobule. (From Tardy ME. Surgical anatomy of the nose. 
New York: Raven Press, 1990, with permission.) 
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ANTERIOR 


Figure 179.5 Preferred directional references applied to the 
nose. Note that the axes shift to lie oriented to the nasal dorsal line. 


than replace only the primary defect, even if this requires 
removal of areas of healthy tissue. Tissue of a similar thick- 
ness, color, and consistency should be used to reconstruct 
these defects. 


Topography 


A discussion of surgical anatomy must begin with the exter- 
nal topography that surgery aims to alter. A detailed discus- 
sion of aesthetic facial analysis is found in Chapter 170. 
What follows is a limited discussion of nasal analysis and 
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definitions of terms with specific relevance to rhinoplasty 
anatomy. Correlation of nasal topography to underlying 
structural anatomy is introduced—details of this anatomy 
are discussed in greater depth in subsequent sections. 

On frontal view, a gentle, unbroken curve should appear 
from the lateral brow to the nasal tip on each side of the 
nose (Fig. 179.1A). These brow-tip aesthetic lines should 
follow the normal changes of nasal width: wider cephalad 
at the brow/nasal root transition, narrower in the middle 
vault, and wider again at the tip. An irregular brow-tip 
aesthetic line may be correlated to bony and cartilaginous 
vault irregularities through palpation and close inspection 
with a light placed above the patient to enhance shadow- 
ing. When the upper cartilaginous vault is overly narrow, 
the curvature of these brow-tip lines is exaggerated. 

General tip shape may be determined from the frontal 
and base views (e.g., bulbous, deviated, wide, amorphous, 
asymmetrical). The unique features of tip shape are deter- 
mined by the endless variations of form, dimension, and 
position of the lower lateral cartilages (LLCs) and sur- 
rounding structures. Inference about the thickness of the 
nasal skin may be made from inspection of the contour of 
the tip. A tip with sharp features reflects underlying struc- 
tures transmitting through thin skin. A smooth, bulbous 
tip is likely covered by thick skin. 

The base view also provides information about the 
shape and size of the columella, alar base, nostrils, and 
infratip lobule (Figs. 179.2B and 179.4). In most noses, 
the frontal and base views reveal a triangular shape of the 
nose in which the nasal base (interface of nose and face) 
is wider than the tip and dorsal line. The triangularity of 
the tip depends on the presence of an unbroken line from 
a narrower nasal tip to a wider nasal base. Poor structural 
support along this line will manifest as alar pinching or 
concavity of the alar margins on frontal and base views. 
When the base is excessively narrow or the tip overly 
wide, a square or trapezoidal shape instead of triangular 


Figure 179.6 Aesthetic topographic subunits of 
the nasal surface. From left to right: dorsum, tip/ 
columella, soft tissue triangle, alar lobule, and side- 
wall. The columella may be considered a separate 
distinct subunit. (From Tardy ME. Surgical anatomy 
of the nose. New York: Raven Press, 1990, with per- 
mission.) 
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configuration is present (1). The width of the infratip lob- 
ule reflects the underlying shape of the intermediate crura 
of the LLCs. Asymmetry in the columella may be caused 
by asymmetries of the shape or trajectory of the medial 
crura, deflection of the caudal edge of the cartilaginous 
septum, or both. The lateral flaring of the alar lobules is 
only indirectly determined by the shape and strength of 
the lateral crura of the LLCs, as the lobules themselves are 
composed of soft tissue only and are caudal to the lateral 
crura. 

On lateral view, several important external landmarks 
may be identified (Fig. 179.2A). The nasion is the most 
concave point at the nasofrontal angle and corresponds 
anatomically to the midline of the nasofrontal suture. This 
angle is determined by the height of the radix, the most 
cephalic portion of the nasal dorsum, and the slope of 
the forehead. An average nasofrontal angle measures 120 
degrees in the Caucasian nose. The vertical position of 
the nasion marks the nasal starting point and is typically 
between the supratarsal crease and the upper eyelid mar- 
gin. The rhinion corresponds to the osseous—cartilaginous 
junction and often marks the location of a dorsal hump. 
Proceeding caudally, the presence or absence of a supratip 
breakpoint depends on the dorsal height of the cartilagi- 
nous septum and the projection of the domal region of the 
LLCs. The tip-defining point, or the pronasale, is the most 
anterior projection of the nose. The overall projection and 
rotation of the nasal tip may be assessed by using Goode’s 
method, in which the nasal tip projection (from the alar 
crease to the tip-defining point) is divided by nasal length 
(from nasion to tip-defining point). According to Goode, 
the normal value should be 0.55. The nasolabial angle in 
men is typically between 90 and 95 degrees and in women, 
between 95 and 105 degrees. This angle may be affected by 
variations of the size and shape of the upper lip and pre- 
maxillary bone. Therefore, the nasolabial angle does not 
always reflect the degree of tip rotation. The lateral view 
of the ideal nostril is oval shaped, with 2 to 4 mm of the 
columella visible beneath the alar rim. 


Variant Anatomy 

Because the nose is a three-dimensional structure that is 
viewed in whole, the topographic dimensions of one area 
have an optical effect on the appearance of other areas. 
This is critical during rhinoplasty, as surgical changes to 
one region or parameter of the nose create the illusion of 
change to another. Examples as they pertain to external 
nasal topography follow. 


Dorsal Height 

The overall height of the nasal dorsum is determined pre- 
dominantly by the size and development of the highly 
variable cartilaginous and osseous nasal septum. In gen- 
eral, an increased overall projection of the dorsum on 
the lateral view corresponds to a narrower appearance on 
the frontal view. Conversely, a low nasal bridge creates a 
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wider-appearing nose from the front. This is explained by 
the concept that one looks down the apex of a triangle 
when observing a nose from the front. In a nose with a 
high dorsum, the sidewalls are subject to more shadowing, 
and the apex of the triangle appears narrower. In a nose 
with a low bridge, the cross-sectional triangular geometry 
of the nose is flattened, or if surgical hump reduction has 
occurred, it is truncated into a trapezoid. With less shad- 
owing of the sidewalls, the nose appears wider on frontal 
view. Local differences in dorsal height create other illu- 
sions. In a normal profile, the radix, middorsum, supra- 
tip, and nasal tip are linear or nearly colinear. Because our 
eyes are accustomed to this norm, deviations from these 
relations create certain optical illusions. For instance, the 
presence of a mid-dorsal convexity creates an illusion of 
an underrotated nasal tip, irrespective of absolute tip posi- 
tion. A dorsal concavity, in contrast, creates a perception of 
increased tip rotation and a shorter nose. Before the sur- 
geon commits to making true alterations of tip position, 
the effects of dorsal height and its modification must be 
carefully weighed. 


Radix and Nasofrontal Angle 

Variations in radix height have an effect on numerous aes- 
thetic nasal parameters such as the nasal starting point, 
nasofrontal angle, overall dorsal profile, and apparent 
intercanthal distance. A low radix, as commonly seen 
in individuals of African or Asian descent, creates an 
illusion of increased intercanthal distance (see earlier 
explanation). If associated with tip underprojection, a 
low radix may create an appearance of a dorsal hump. 
Correction of this appearance may be accomplished with 
augmentation of the radix and increasing tip projection 
instead of reduction of the dorsum to the level of the low 
radix (Fig. 179.7). Maintaining a higher dorsum offers 
the advantages of a narrower appearance on front view 
and avoidance of an open-roof deformity associated 
with hump reduction. A high radix, in contrast, creates 
an appearance of decreased intercanthal distance. When 
excessive height at the radix blunts the nasofrontal angle, 
the distinction between the nose and forehead may be 
blurred, creating the illusion of a longer nose. This is 
particularly true in the presence of a posteriorly sloping 
forehead. Because of the abundant overlying soft tissue 
in this area, reduction of osseous height at the radix does 
not transmit well to overall profile reduction. Conversely, 
a more acute nasofrontal angle creates an illusion of a 
shorter nose, independent of the actual vertical position 
of the nasal starting point. 


Nasolabial Angle 

The nasolabial angle, formed by the upper lip and colu- 
mella, is widely used as a metric for the degree of rota- 
tion of the nasal tip. This region, however, is composed 
of numerous anatomic components with a high degree 
of variation and in reality may not accurately reflect the 
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overall degree of nasal tip rotation. Fullness in this area 
may be caused by an overdeveloped quadrangular carti- 
lage in the area of the posterior septal angle, a prominent 
nasal spine and premaxillary bone, or tenting of the soft 
tissue in a projecting nose. These variations create a more 
obtuse angle, irrespective of the true rotational position of 


A B 
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Figure 179.7 A: Profile view of a nose with a true 
dorsal hump in the region of the rhinion. Correction 
may involve reduction of the hump. B: Nose with a 
relative dorsal convexity due to a low radix and an 
underprojected nasal tip. Correction might involve 
elevating of the radix with a graft and increasing tip 
projection. Final external dorsal contour is similar in 
both examples. 


the nasal tip. However, even if the true rotational position 
of the tip is not changed, an increased nasolabial angle 
creates an illusion of increased tip rotation. Conversely, 
when these structures are less developed or retrusive, a 
relative deficiency on the nasolabial angle may be present, 
leading to a perception of counterrotation (Fig. 179.8). 


Cc 


Figure 179.8 Lateral view of three noses with identical tip position. A: Relative deficiency of tissue 
at the nasolabial area and an acute nasolabial angle creates an illusion of underrotation of the tip. 
B: Nose with a moderate nasolabial angle. C: Fullness at the nasolabial area with an obtuse nasola- 
bial angle creates an illusion of increased tip rotation. 
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Alar—Columellar Relation 

With alar retraction or a dependent caudal edge of the car- 
tilaginous septum, excessive columellar height is visible on 
the lateral view. This hanging columella may create an illu- 
sion of a ptotic nasal tip, even when tip position is normal. 
In contrast, a retracted caudal septum or a low alar margin 
may lead to a relative lack of columellar show and an asso- 
ciated illusion of increased tip rotation. The size, position, 
and interrelations of the medial crura, caudal septum, lat- 
eral crura, and alar soft tissue determine these variations. 


SKIN-SOFT TISSUE ENVELOPE 


The nose is constructed of a skeletal framework onto which 
a skin-soft tissue envelope (SSTE) is draped. Although 
the framework is the subject of most surgical techniques, 
the appearance of the nose is determined by the manner 
in which the SSTE drapes over the modified skeleton. An 
understanding of the composition of the SSTE and its vari- 
ant anatomy guides the surgeon in choosing appropriate 
techniques for successful surgery. 


Skin 


The skin of the nose varies in thickness depending on its 
location. The skin is thickest at the nasion and thinnest at 
the rhinion (2). From the rhinion, the skin becomes pro- 
gressively thicker as it descends along the dorsum to the 
tip, where a large number of sebaceous glands reside. The 
skin becomes thin again at the most caudal aspect of the 
nose along the alar margin and columella. 

Understanding skin thickness variation along the dor- 
sum aids the rhinoplasty surgeon in performing dorsal 
hump reduction. Because the skin is thinnest at the rhin- 
ion, a straight external profile requires a small relative con- 
vexity to remain in this region. If the dorsum is reduced so 
that a straight skeletal profile results, a slight concavity at 
the middorsum is likely to result after skin redraping (3). 
This may create a cartilaginous pollybeak, in which the 
supratip dorsum projects above the plane of the dorsum 
cephalad to it. To avoid this, hump reduction should be 
carried out incrementally, with verification of the effect of 
each pass on external contour through the SSTE. 


Subcutaneous Tissue 


The subcutaneous layer of the nose is made up of the super- 
ficial fatty layer, the fibromuscular layer, the deep fatty layer, 
and the periosteum or perichondrium. The superficial fatty 
layer is directly connected to the dermis. The fibromuscular 
layer comprises the nasal subcutaneous muscular aponeu- 
rotic system (SMAS) (4). The nasal SMAS is in continuity 
with the SMAS of the rest of the face and encases and inter- 
connects the mimetic muscles of the nose. The deep fatty 
layer contains the neurovascular system of the soft tissue 
envelope. Dissection in the avascular plane between the 
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deep fatty layer and the perichondrium and periosteum 
is met with litthe mechanical resistance or bleeding and 
results in the least postoperative scarring and contraction. 


Muscles 


The mimetic muscles of the nose reside within the SMAS. 
They are divided into four groups (5) (Table 179.1). The 
elevator muscles shorten the nose and dilate the nostrils, the 
depressor muscles lengthen the nose and dilate the nostrils, 
the compressor muscles lengthen the nose and narrow the 
nostrils, and the minor dilator muscles widen the nostrils. 
In addition to these individual functions, the muscles work 
synergistically to alter the shape of the nasal tip, alae, and 
dorsum. For example, simultaneous contraction of the leva- 
tor labii superioris and the depressor septi nasi may depress 
the nasal tip, “round up” the supratip area, and lengthen 
the nose (6). The muscles, particularly the dilator naris (7), 
also serve to maintain the tone of the nostrils during inspi- 
ration, as illustrated in the patient with ipsilateral facial 
nerve paralysis with unilateral alar collapse (8). Dissection 
in the sub-SMAS layer of the soft tissue envelope allows the 
surgeon to avoid the nervous supply to the nasal muscles. 

Although most rhinoplasty techniques do not directly 
address nasal muscles, division of the depressor septi nasi 
may correct drooping of the nasal tip and shortening of the 
upper lip during facial animation. The small, paired mus- 
cle that originates at the anterior nasal spine and inserts 
onto the medial crura footplates may be addressed through 
simple division (6), muscular release and plication (9), or 
dissection and transposition of the muscle (10). In selected 
patients, these techniques may reduce gingival show and 
nasal tip descent during smiling, elevate the nasal tip, and 
elongate the upper lip in the resting state. 


Arterial Supply 


The superficial vascular supply to the external nose derives 
from both the external and internal carotid systems. The 


TABLE 
179.1 INVESTING NASAL MUSCULATURE 


Elevator muscles 
Procerus 
Levator labii superioris alaeque nasi 
Anomalous nasi 
Depressor muscles 
Alar nasalis 
Depressor septi nasi 
Compressor muscles 
Transverse nasalis 
Compressor narium minor 
Minor dilator muscles 
Dilator naris anterior 
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facial artery branches into the angular artery and the supe- 
rior labial artery. The lateral nasal branch of the angu- 
lar artery supplies the lateral surface of the caudal nose. 
Branches of the superior labial artery supply the nasal sill 
and the base of the columella. The columellar artery, a 
branch of the superior labial artery, is often encountered 
in the transcolumellar incision used in the external rhino- 
plasty approach. The septal branches of the superior labial 
artery enter the nose on each side of the nasal spine and 
form the major blood supply to the anterior septum. Large 
septal mucosal flaps may be pedicled on the nasal spine 
area with these branches for reconstructive purposes. 

The dorsal nasal artery, an external branch of the oph- 
thalmic artery, anastomoses with the lateral nasal branch 
of the angular artery, forming an axial arterial network 
for the dorsal nasal skin. Arterial supply to the nasal tip 
derives from branches of the anterior ethmoid and angular 
arteries. The external nasal branch of the anterior ethmoid 
artery perforates the transverse nasalis muscle of the nasal 
sidewall and descends toward the nasal tip. The lateral 
nasal branch of the angular artery sends off branches from 
the ala anteriorly toward the nasal tip. The vascular plexus 
to which these arteries contribute resides predominantly in 
the adipose layer just deep to the SMAS. Remaining in the 
plane just above the perichondrium and periosteum dur- 
ing dissection minimizes injury to these vessels. 


Sensory Nerve Supply 


Sensation to the external nasal skin is supplied by branches 
of the ophthalmic and maxillary divisions of the trigemi- 
nal nerve. Twigs from the supratrochlear and infratrochlear 
branches of the ophthalmic nerve supply sensation to the 
skin of the radix, the rhinion, and the cephalic portion of 
the nasal sidewalls (11). The external nasal branch of the 
anterior ethmoidal nerve supplies the skin over the dor- 
sum of the caudal nose down to and including the nasal 
tip. This branch emerges between the caudal edge of the 
nasal bone and the upper lateral cartilage (ULC) and 
courses in the SMAS layer. Injury to this nerve during inter- 
cartilaginous or cartilage-splitting incisions can result in 
tip numbness (11). Branches of the infraorbital nerve pro- 
vide sensation to the side of the lower half of the nose and 
the lateral vestibule. The nasopalatine nerve, a branch of 
V2 that enters the nose through the incisive foramen, pro- 
vides the major sensory supply to the posterior two-thirds 
of the nasal septal mucosa, maxillary gingiva, and anterior 
palatal mucosa. This nerve may be injured during surgery 
involving the maxillary crest or nasal floor and can result 
in temporary numbness near the incisors (12). 


Inner Lining 


The nasal vestibule is lined with keratinizing squamous 
epithelium. The surfaces of the nasal cavities, with the 
exception of the superior olfactory epithelium, are covered 
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by ciliated stratified or pseudostratified respiratory epithe- 
lium (13). Because of its high vascularity, the vestibular 
epithelium and intranasal mucosa are excellent sources of 
local flaps for reconstruction of the inning lining in full- 
thickness nasal defects. In such procedures, a free cartilage 
graft is often used to rebuild structure for the nose. The 
rich vascular intranasal lining flap nourishes the cartilage 
graft from its undersurface. Common inner lining donor 
sites are the nasal septum or nasal vestibule. These flaps are 
discussed in more detail in Chapter 165. During routine 
rhinoplasty, care must be taken to preserve vestibular skin 
in the internal nasal valve area to avoid web formation and 
nasal valve stenosis (14). 


Variant Anatomy 

Thickness of the SSTE varies with ethnicity, age, and gender. 
Noses with thin, less sebaceous skin assume a shape that 
closely matches the underlying cartilaginous and osseous 
structure. In contrast, the underlying nasal architecture 
does not accurately transmit through the soft tissue enve- 
lope in thicker-skinned noses. These concepts are critical in 
rhinoplasty. 

In the thick-skinned individual, modifications of the 
underlying framework, particularly reductive alterations, 
may not result in significant changes in external appearance 
because of poor redraping of the overlying SSTE. In these 
patients, the surgeon should consider augmenting areas of 
relative deficiency to create a framework that pushes and 
stretches the thick SSTE into a desirable shape. In such cases, 
overall proportion of the nose becomes more important 
than absolute size. Because a thick SSTE cannot conform 
onto the underlying structure after reduction, scar tissue may 
fill the resulting void. An example is the soft tissue/scar pol- 
lybeak that results after aggressive supratip hump reduction 
in a thick-skinned individual. Little to no external lowering 
of the supratip convexity occurs as the cartilaginous hump is 
simply replaced by scar beneath a noncompliant SSTE. 

In patients with thin skin, even small irregularities of 
the underlying structure may become evident after sur- 
gery as the soft tissue envelope redrapes very closely to 
the framework below. In these cases, care must be taken 
to camouflage grafts, edges of bone and cartilage, and any 
other contour irregularities. Graft must be placed in a pre- 
cise manner, and any edges that may transmit through the 
skin should be beveled or crushed to blend seamlessly 
into surrounding structures. Soft tissue or crushed cartilage 
onlay grafts may aid in camouflaging irregularities. 


SKELETAL FRAMEWORK 


The skeletal framework of the nose may be divided into 
thirds: the upper third consisting of the osseous vault; the 
middle third consisting of the upper cartilaginous vault; 
and the lower third consisting of the lower cartilaginous 
vault. The nasal septum, consisting of a bony and a car- 
tilaginous portion, provides support in all three sections 
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and divides the nasal cavity into two lateral halves. In this 
section, these structures are discussed individually, with an 
emphasis on anatomic forms and their variations. In a later 
section, the interrelations of these bodies as they pertain to 
nasal structural mechanics are discussed. 


Septum 


The nasal septum is a sagittal midline structure that divides 
the nose into two cavities and provides structural support 
to the osseous and cartilaginous vaults (15). The septum 
is divided into a cephalic—posterior osseous septum, com- 
posed of the perpendicular plate of the ethmoid and the 
vomer, and a caudal-anterior cartilaginous septum, con- 
sisting of the quadrangular cartilage. 

The perpendicular plate of the ethmoid forms the dor- 
sal aspect of the osseous septum. Its superior attachment 
consists of the frontal bone and its nasal spine anteriorly 
and the cribriform plate posteriorly. Anterosuperiorly, it 
articulates with the inward projection of the nasal bones in 
the midline. Anteroinferiorly, it borders the quadrangular 
cartilage, and posteroinferiorly, it borders the vomer. The 
thickness of the perpendicular plate of the ethmoid var- 
ies considerably, and it is rarely pneumatized. Because it 
is attached to the cribriform plate, aggressive lateral force 
high on the osseous septum may lead to fracture of the 
skull base and resultant cerebrospinal fluid leak or olfac- 
tory bulb injury. 

The vomer, one of the bones that make up the skull, 
is shaped like the keel of a boat. In a midsagittal view of 
the skull, its superior edge forms a line connecting the 
sphenoid sinus to the anterior nasal spine. Superiorly, the 
vomer articulates with the perpendicular plate of the eth- 
moid. Inferiorly, it attaches to the midline nasal crest of 
the palatine bone posteriorly and the maxilla anteriorly. 
Anterior to its articulation with the vomer, the maxillary 
crest forms a groove into which the quadrangular cartilage 
sits. The posterior free edge of the vomer forms the poste- 
rior border of the choanae. 

The quadrangular cartilage comprises the cartilaginous 
septum. This structure rests within a groove in the nasal 
spine and maxillary crest inferior to it. This ventral surface 
is typically thickened in comparison to the remainder of 
the structure. Dorsally, the quadrangular cartilage forms 
the contour of the nasal bridge externally. The ULCs articu- 
late with the cephalic aspect of the quadrangular cartilage, 
forming the dorsum of the central third of the nose. The 
most caudal portion of the cartilage extends anterior to the 
nasal spine and is the least rigid portion (Fig. 179.9). Three 
angles may be identified at the caudal edge of the septum 
(Fig. 179.10). The anterior septal angle is usually the most 
anterior projection of the septum and forms the transi- 
tion between the dorsal and caudal components of the 
supportive cartilaginous septal L-strut. The domal regions 
of the LLCs are in intimate proximity and typically proj- 
ect beyond the anterior septal angle, creating the external 
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Figure 179.9 Anatomy of the typical nasal septum. 1, Nasal pro- 
cess and frontal bone; 2, perpendicular plate of ethmoid bone; 3, 
nasal bone; 4, vomer bone; 5, palatine bone; 6, maxillary crest; 7, 
nasal spine; 8, quadrangular cartilage; 9, upper lateral cartilage; 
10, caudal margin quadrangular cartilage; 11, membranous sep- 
tum; 12, posterior projection of “tongue” of quadrangular carti- 
lage (variable length). (From Tardy ME. Surgical anatomy of the 
nose. New York: Raven Press, 1990, with permission.) 


topography of the nasal tip. Because of this relation, devia- 
tions of the anterior septal angle may cause distortions of 
nasal tip position. The posterior septal angle is located at 
the quadrangular cartilage articulation with the anterior 
nasal spine. The intermediate septal angle lies between the 
anterior and posterior septal angles. 

The membranous septum is the soft tissue continuation 
of the cartilaginous septum. Consisting of a central layer 
of subcutaneous areolar tissue between vestibular skin on 
each side, the membranous septum bridges the caudal 
edge of the cartilaginous septum to the medial crura and 
columella. Contained within it are the ligamentous attach- 
ments of the medial crura to the caudal septum. Because 
of a lack of cartilage, it is mobile and displaces easily with 
manipulation of the columella. 

The septum is lined with an inner layer of perichon- 
drium or periosteum covered by an outer layer of mucosa. 


Figure 179.10 Arrows, The three anatomic angles composing 
the caudal aspect of the nasal quadrangular cartilage. A, Anterior 
septal angle; B, midseptal angle; C, posterior septal angle. 
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The two layers of septal lining are closely attached and 
together contain the vascular and nervous supply to the 
septum. Separation of the mucoperichondrium from the 
underlying cartilage, as may occur in traumatic or postsur- 
gical septal hematoma, may lead to ischemic necrosis of 
the affected septum and result in a perforation or a saddle- 
nose deformity. When portions of septal cartilage or bone 
are removed during surgery, the lining flaps from each side 
of the septum are left to readhere and scar. Thus, during 
septal surgery, perforations may also result after oppos- 
ing bilateral mucosal tears are created. Because the peri- 
chondrial and periosteal layers bear the majority of the 
biomechanical strength of the septal lining, the surgeon 
must remain deep to these layers during flap dissection, to 
maximize strength of the resulting lining flaps and reduce 
the risk of perforation. If the flap elevation occurs in a sub- 
mucosal plane, the perichondrium or periosteum may be 
inadvertently resected with the septal cartilage and bone, 
leaving only the relatively weak mucosa and increasing the 
tisk of perforation (16). 


Variant Anatomy 

Differences in the size and development of the nasal sep- 
tum account for many of the functional and aesthetic vari- 
ations in the nose. Because the septum is attached to the 
cartilages that determine nasal shape (LLCs and ULCs), its 
overgrowth may lead to excessive projection of these struc- 
tures. In these situations, the septum pulls the cartilaginous 
elements of the nose under tension—the underpinnings of 
the so-called tension-nose deformity. Such noses are char- 
acterized by a high cartilaginous dorsum, a tip-defining 
point that is determined by a projecting anterior septal 
angle (instead of the domal angle of the LLC), and a low- 
hanging columella that is created by a prominent caudal 
septal border. In such patients, conservative trimming of 
the septum may be necessary to create a less conspicuous 
profile. 

An inverse relation exists between the sizes of the carti- 
laginous septum and osseous septum. Patients with short 
nasal bones and long ULCs tend to have a greater abun- 
dance of quadrangular cartilage and less vomer and eth- 
moid plate. The opposite is true in noses with long nasal 
bones and short ULCs. This relation may help the rhino- 
plasty surgeon predict how much septal cartilage will be 
available for graft harvesting before surgery. 

The septum rarely exists in a true midsagittal plane. 
Deviations from the midline have both functional and 
cosmetic implications. Particularly along the floor of the 
nasal airway, deviations may cause considerable airway 
obstruction. Most often, a combination of cartilaginous 
and osseous deformities contributes to the obstruction. 
Surgical treatment may require removing or repositioning 
these deviated skeletal elements. After trauma in particu- 
lar, portions of the septum may be jagged and angulated. 
Meticulous elevation of the septal lining from these struc- 
tures is required before their removal to prevent septal 
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perforation. Uncorrected deviations of the perpendicular 
plate of the ethmoid and vomer may result in persistent 
posterior airway obstruction after septal surgery. 

Deviations of the caudal and dorsal edge of the sep- 
tum have cosmetic implications in addition to functional 
effects. From the rhinion to the anterior nasal spine, sep- 
tal deviations may translate to visible external deformities. 
Deviation of the mid-dorsal septum, anterior septal angle, 
mid-caudal septum, and posterior septal angle may lead to 
a crooked-nose deformity at the upper cartilaginous vault, 
the nasal tip, the columella, or the columellar base, respec- 
tively. These irregularities may originate from a traumatic 
event. However, the septum will eventually develop an 
inherent memory to its new shape and position. Thus, the 
correction of a severely crooked nose may require reposi- 
tioning or replacing these septal elements (17). 


Osseous Vault 


The osseous vault is a pyramidal structure that, together 
with the bony septum, provides the principal structural 
support for the nose. It consists of the frontal process of the 
maxilla and the paired nasal bones. The cephalic portion 
of the osseous vault articulates with the frontal bone at the 
nasofrontal suture line. The superior portion of the nasal 
bones rests on the nasal spine of the frontal bone and also 
derives midline support from the perpendicular plate of 
the ethmoid. Caudally, the free edge of the osseous vault 
forms the superior portion of the pyriform aperture. The 
caudal edge is joined by a connective tissue to the upper 
cartilaginous vault in the keystone area. 

Each nasal bone may be thought of as an elongated 
quadrangle, with its lateral long edge articulating with the 
frontal process of the maxilla and its medial long edge 
articulating in the midline with its contralateral partner. 
The cephalic edge at the nasofrontal suture line is narrow, 
whereas the free caudal edge is wider. The nasal bones are 
thick cephalically at the nasofrontal suture line and thin 
progressively toward the free caudal edge. Most traumatic 
nasal fractures occur in the caudal, more projecting por- 
tion of the nasal bones where they are the thinnest. 

The bony pyramid of the osseous vault may be mobi- 
lized with osteotomies during rhinoplasty. Medial osteoto- 
mies disconnect the two halves of the osseous vault so each 
may be moved independently, and lateral osteotomies free 
the anterior sidewall of the osseous vault from its attach- 
ment to the rest of the frontal process of the maxilla. The 
lateral osteotomy is made on the frontal process of the 
maxilla and preserves the nasomaxillary suture line. A wide 
range of height, length, and width of the osseous vault 
occurs, and this should be taken into account in the plan- 
ning of osteotomies. 


Variant Anatomy 
The overall thickness of the nasal bones varies by age, 
gender, and ethnicity. As elsewhere in the body, the nasal 
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bones are subject to age-related osteopenia and may 
become thinner and more fragile over time, particularly 
in women. Such individuals are particularly prone to 
nasal fractures, even with moderate-energy trauma. After 
such injuries, it may take these patients longer to reach 
stable osseous union, potentially prolonging the time 
window in which closed nasal reduction may be per- 
formed. Surgical osteotomies should be performed cau- 
tiously in noses with thin, fragile bone, as a higher risk 
exists of creating overly mobile, free-floating osseous seg- 
ments. In contrast, patients with thick, rigid nasal bones 
may be relatively resistant to nasal fractures, may heal 
rapidly after fractures occur, and may require greater force 
to create adequate osteotomies during surgery. Often in 
rhinoplasty, the goal is to create a modest narrowing of 
the osseous vault. This may be accomplished through 
a controlled back-fracture of the bridge of bone that 
remains between the cephalic termination of the medial 
and lateral osteotomies. In patients with thick bone, this 
osseous bridge may resist back-fracture. In such cases, the 
area of intact bone may be weakened before back-fracture 
through a transcutaneous bridging osteotomy. By using a 
2-mm osteotome, a series of small perforations may be 
made through the bone through a single entry point in 
the skin. 

Variations in the width and medial-lateral position of 
the nasal bones may be hereditary or acquired. Hereditary 
variations are more likely to manifest as a symmetrical but 
unusually narrow or wide osseous vault. Gross asymme- 
tries are more likely to be acquired traumatic injuries. In 
many cases, these are injuries incurred very early in life or 
even during the birth process. Correction of these defor- 
mities typically requires repositioning of the nasal bones 
through surgical osteotomies. The lateral osteotomies 
should lie lateral to the bony deformity so that it may be 
incorporated into the segment of mobilized bone. In cases 
in which the nasal bone has a very convex, concave, or 
irregular topography, the bone may need to be mobilized 
in more than one segment to correct the contour irregu- 
larities. In such situations, an intermediate osteotomy may 
be necessary between the medial and lateral osteotomies. 
When several osteotomies are needed, they are performed 
medial to lateral so that the cuts are always made on stable 
bone. The distance of osteotomies needed to mobilize the 
nasal bones is dictated by their length, which is also highly 
variable. 


Upper Cartilaginous Vault 


The upper cartilaginous vault consists of the paired, shield- 
like ULCs that are fused in the midline to the dorsal edge 
of the cartilaginous septum. The septum and the ULCs are 
fused early in embryonic development and form a single 
structural unit in this area (18). Although the cartilagi- 
nous septum provides support to the ULCs at their mid- 
line dorsal fusion, the nasal bones provide the majority 
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of reinforcement to the ULCs at their cephalic margin, the 
keystone area. Here, the ULCs overlap the caudal border of 
the osseous vault, extending cephalad under the bony arch 
for a distance of up to 11 mm. This attachment is critical 
in maintaining the structural integrity of the nasal frame- 
work. Vigorous downward force on the ULCs can lead to 
their dislocation from the nasal bones, a deformity that 
causes collapse of the upper cartilaginous vault. Because 
the nasal bones stabilize the ULCs at their cephalic aspect, 
the upper cartilaginous vault is less rigid and more mobile 
caudally. 

The upper cartilaginous vault is wider cephalically 
where the ULCs take on a more horizontal course as they 
articulate with the septum. The arch of the ULCs closely 
follows the arch of the nasal bones in this region. Caudally, 
the ULCs slope more acutely away from the dorsal septum, 
creating a narrower dorsal line. At their caudalmost aspect, 
a free edge of the ULCs may diverge away laterally from the 
septum. This relatively narrow area of the upper cartilagi- 
nous vault corresponds intranasally to the internal nasal 
valve area, the region with the greatest nasal airway resis- 
tance. These regional variations are easily visualized on 
cross sections (Fig. 179.11). 

Along with the cartilaginous septum, the ULCs deter- 
mine the appearance of the middle third of the nose. The 
transition between these structures should be smooth and 
unbroken. Surgical alterations in this area, such as with 
hump reduction or spreader grafting, should result in a 
smooth, coplanar dorsal surface. 


Variant Anatomy 

The distance from nasion to rhinion defines the cephalic- 
caudal length of the osseous vault. The upper cartilaginous 
vault refers to the area of the nose from rhinion to the cau- 
dal edge of the ULCs. Despite their common nomencla- 
ture of upper and middle thirds of the nose, the lengths of 
these regions rarely occupy exactly one-third of total nasal 
length. The lengths of the osseous vault and upper carti- 
laginous vault have an inverse relation. That is, individu- 
als with long nasal bones have a short upper cartilaginous 
vault and vice versa. The length of the upper cartilaginous 
vault typically corresponds to the length of the quadrangu- 
lar septal cartilage. Thus, the presence of long nasal bones 
and a short upper cartilaginous vault should alert the sur- 
geon that a relative deficiency of septal cartilage may be 
present. 

The relative lengths of these areas have significant 
implications on the supportive mechanism of the inter- 
nal nasal valve. Patients with long nasal bones and short 
ULCs tend to have more support of the internal valve area 
because of a greater contribution of the rigid support pro- 
vided by the nasal bones. In contrast, long ULCs have less 
rigid osseous support and are therefore more prone to col- 
lapse, particularly at their caudal aspect in the area of the 
internal nasal valve (Fig. 179.12). Individuals with pre- 
existing narrowing in this region may already have nasal 


Chapter 179: Surgical Anatomy of the Nose: A Foundation for Rhinoplasty 


2929 


Figure 179.11 A: Cross section of the upper cartilaginous vault just below the rhinion. The broad 
arch of the ULCs closely follows the caudal margin of the nasal bones in this region. B: Further caudal 
in the area of the internal nasal valve, the structures are more flexible and a much narrower relation 
exists between the ULCs and nasal septum. (Photograph courtesy of Dean Toriumi.) 


valve insufficiency or collapse of the ULC during inspira- 
tion. These patients are predisposed to develop postrhi- 
noplasty nasal obstruction after dorsal hump reduction. 
In such cases, the articulation of the ULCs and septum is 
resected with the hump, leaving the ULCs unsupported 
along the dorsum. Ensuing inferomedial collapse of the 
ULCs occurs, leading to internal valve narrowing, medial 
pinching of the central area of the dorsal line, and the 
inverted-V deformity, in which cephalic ULC collapse 


reveals the outline of the V-shaped caudal border of the 
nasal bones. To prevent such complications, the ULC 
should be resupported onto the septum with a technique 
such as spreader grafting. 


Lower Cartilaginous Vault 


The key elements in the lower cartilaginous vault are the 
paired lower lateral (or alar) cartilages. Perhaps more than 


Figure 179.12 A: Long nasal bones create more stabi- 
lization of the caudal cartilaginous elements of the nose 
with less tendency for inferomedial collapse of the ULCs 
with inspiration or with scarring after hump reduction. 
B: Short nasal bones and a long upper cartilaginous vault 
may cause narrowing of the ULCs after they are sepa- 
rated from the nasal septum following hump reduction. 
Restabilization with spreader grafts may prevent this 
complication in such patients. 
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anywhere else in the nose, endless anatomic variations and 
divergences are found between individuals in these struc- 
tures. However, the extent to which the LLCs determine 
the shape and configuration of the nasal tip and base is 
variable, depending on the thickness of the SSTE and the 
tensile and compressive forces imparted to these areas by 
the attachments to the surrounding fixed structures of the 
nasal septum, pyriform aperture, ULCs, and nasal bones. 
Nonetheless, surgical modifications of the nasal tip and 
base in rhinoplasty almost always involve some modifica- 
tion to the shape or position of the LLCs. 

With the septum, the LLCs provide support to the nasal 
tip. Each LLC may be considered in three sections: the 
medial crus, the intermediate crus, and the lateral crus. 
The three areas are not necessarily distinct anatomic enti- 
ties but transition from one to the next through a series of 
bends and undulations in the continuous roll of cartilage. 
These myriad turns and divergences create the nuances 
of this structure, which then form the unique external 
topography of each nasal tip. Two distinct angles, how- 
ever, are fairly consistent in most noses and consequently 
are generally conceptualized as transition points that 
separate the three crura: the lateral genu and the medial 
genu (Fig. 179.4A). The subsequent discussion covers 
the general anatomy of each subsite of the lower lateral 
crura. The more commonly encountered variant anatomy 
is then discussed. The role of the LLCs as they pertain to 
mechanical stabilization of the nose is discussed subse- 
quently. 


The Medial Crus 


With their connection to the caudal septum, the medial 
crura form the structural support of the columella. The 
width of the LLCs is narrowest in this region and may be 
as little as 4 to 5 mm. Each medial crus may be divided 
into an anterior columellar segment and a posterior foot- 
plate segment. On base view, each columellar segment 
parallels its contralateral counterpart and is connected 
to it and the caudal septum by fibrous tissue. The foot- 
plate segment flares posterolaterally and contributes to 
the normal widening of the columella at its base or ped- 
estal. On the lateral or base view of an ideal Caucasian 
nose, the anterior limit of the medial crus corresponds to 
the columellar—lobular junction at the apex of the nostril 
(Fig. 179.4). 


Variant Anatomy 

Variation in the length and shape of the medial crus affects 
the appearance of the nasal base and position of the nasal 
tip (19). A short medial crus results in a short columella 
and a small anteroposterior dimension of the nostril. This 
tends to result in deficient nasal-tip projection and a small 
nostril-lobular ratio. A long medial crus that extends ante- 
riorly beyond the apex of the nostril creates a flat, pro- 
jecting nasal tip. Endless variations exist in the degree of 


Section X: Facial Plastic and Reconstructive Surgery 


symmetry, curvature, flare, and smoothness of these struc- 
tures. The intervening soft tissue between the columellar 
segments may camouflage irregularities, but a thin SSTE 
may lead to a bifid appearance of the columella. In gen- 
eral, the goals during surgery are to place the medial crura 
into a symmetrical, midline position. Fixation sutures to 
resecure the medial crura are a reliable technique to this 
end, but care must be taken to maintain a normal relation 
between the crura and surrounding structures. For instance, 
the medial crura should be bound together only at their 
cephalic borders to retain the natural flare of the caudal 
edges so as to maintain adequate columellar width (11). 
Even a small degree of malposition of the medial crura 
may have significant impact on nasal tip rotation, pro- 
jection, columellar show, and nasolabial angle. Fixation, 
therefore, must be executed with enormous forethought 
and meticulous technique. 

The width of the individual medial crura and their dis- 
tance from each other determine the width of the colu- 
mella. In some cases, the normal flare of the posterior 
medial crura (footplates) is exaggerated, leading to a wide 
columellar base, which may compromise airflow at the 
nostril aperture. Caudally positioned medial crura may 
result from excessive cartilaginous width, lax ligamentous 
attachments to the caudal septum (wide membranous sep- 
tum), or caudal overgrowth of the septum, which tensions 
the medial crura downward. Particularly in the presence of 
retracted nasal ala, low medial crura will lead to excessive 
columellar show. Such patients may complain that their 
nostrils are too conspicuous. Surgical correction usually 
involves elevating or trimming the caudal margin of the 
medial crura. 


The Intermediate Crus 


Also called the domal segments, the intermediate crura 
bridge the medial and lateral crura, extending from the 
medial genu to the lateral genu. This structure represents 
the transition from the convergent and divergent por- 
tions of the paired LLCs. The region of the lateral genu 
is often the anteriormost projecting point of the LLC 
and may correspond topographically to the tip-defining 
point. In this region, the intermediate crus may narrow 
abruptly, rendering it susceptible to transection during 
surgery. The angle formed between the two intermedi- 
ate crura as they flare away from each other laterally is 
termed the angle of divergence (Fig. 179.13). The ideal 
angle is approximately 60 degrees and provides a nat- 
ural-appearing width to the infratip lobule as it transi- 
tions from the columella to the nasal tip on frontal or 
basal views. The intermediate crura also diverge from the 
medial crura in a cephalic direction by approximately 50 
degrees. Externally on lateral view, this bend corresponds 
to the columellar—lobular angle, dividing the nasal base 
into the infratip lobule anteriorly and columella posteri- 
orly—the basis of the double break. 
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Figure 179.13 The intermediate crura bridge the lateral and 
medial crura of the LLCs. The angle of divergence is shown on the 
left. If the intermediate crura are widely bifurcated, a broad trap- 
ezoid appearance of the tip results, as shown on the left. If the 
intermediate crura are closely opposed, a triangular appearance 
results, as shown on the right. 


Variant Anatomy 
Variations in the length and curvature of the intermediate 
crura and the degree of angulation at the medial and lat- 
eral genua determine the shape of the infratip lobule on 
frontal and basal views. Gentle turns at the genua and a 
smooth convex curvature of the intermediate crus produce 
a convex domal segment. A broad and flat intermediate 
crura with angulated connections at the genua result in a 
“boxy” configuration. If the intermediate crura are concave, 
a “double-dome” segment is created (2). Variation in the 
angle of divergence also will affect the shape of the tip lob- 
ule. A narrow angle of divergence results in a narrow lob- 
ule and creates a more triangular appearance to the tip on 
base view. An angle of divergence approaching 90 degrees 
produces a boxy tip that appears trapezoidal on base view. 
These variations in the cartilage configuration may not be 
reflected in the shape of the tip lobule if overlying skin is 
thick (Fig. 179.13). 

Excessive thickness or convexity of the intermediate 
crura in the cephalic-caudal dimension may manifest 
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externally as bulging of the infratip lobule. On lateral view, 
the tip may appear rounded, transitioning to the infratip 
lobule with one unbroken curve, rather than as a distinct 
normal double break. 


The Lateral Crus 


The lateral crus extends from the lateral genu of the LLC 
posteriorly. Normally, it assumes a gentle convex shape and 
parallels the alar rim for its medial half, then flattens and 
turns posterosuperiorly for its lateral portion, ending short 
of the pyriform aperture. It generally becomes wider as it 
leaves the lateral genu and then narrows again toward its 
lateral termination. It is typically the broadest portion of 
the LLC. Although a centimeter in width is a reasonable 
estimate of average width, tremendous variation exists (20). 

A portion of the medial cephalic borders of the lateral 
crura may overlap. In this region, the LLCs may be con- 
nected to each other and to the caudal border of the ULC 
by fibrous tissue. The connection to the ULCs is often rein- 
forced by overlapping segments of cartilage. This scroll area 
is highly variable and may be thickened in comparison to 
other parts of the LLC (Fig. 179.14). 


Variant Anatomy 

The variations of lateral crus anatomy are too numerous to 
detail (20), but some of the more commonly seen varia- 
tions are discussed herein. Variations in the width and cur- 
vature of the lateral crura greatly influence the appearance 
of the tip and ala. The widest portion of the lateral crus 
may vary from 7 to 15 mm (20). Broad convex lateral crura 
impart a bulbous, amorphous appearance to the tip. The 
concept is similar to the relation of dorsal height and the 
appearance of width discussed earlier. In a normal nose, 
the relative narrowness at the nasal tip/domes and the 


Figure 179.14 A variety of anatomic relations between the cephalic margin of the LLC and the 
caudal margin of the ULC is found in dissection of cadaver specimens. As individuals age, the inti- 
mate relation between the cartilages may be lost. (From Tardy ME. Surgical anatomy of the nose. 
New York: Raven Press, 1990, with permission.) 
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relative width at the alar base create a visual contrast that 
makes the tip look appropriately distinct and refined. If the 
transition from the tip to base is characterized by widely 
curving lateral crura and nasal ala, this contrast is indis- 
tinct, creating the appearance of a wide nose. Correction 
of such a deformity may require techniques to straighten 
the overly curved lateral crura, such as suture modification 
or structural grafting. Aggressive techniques that focus only 
on narrowing the domes themselves and ignore the con- 
vexity of the lateral crura may result in no improvement 
of the appearance of the tip while incurring structural and 
cosmetic complications. 

Less commonly, the LLCs may be concave as they 
diverge away from the domes. Externally, this may mani- 
fest as a hollow, sunken appearance at the alar lobule with 
an exaggerated supra-alar crease. If severe, the concavity 
may narrow the nasal vestibule, impairing nasal airflow. 
Surgical correction may require structural onlay or under- 
lay grafting, resection and graft replacement of the con- 
cave segment, or simply flipping over the concave segment 
through excision, inversion, and suture fixation. 

The strength and thickness of the intermediate and lat- 
eral crura determine much of the inherent support of the 
nasal tip. Stronger cartilage is more resistant to alteration 
and may result in visible or palpable deformities after sur- 
gery. The surgeon must remember Tardy’s admonition of 
the risks of bossae formation after excisional techniques to 
narrow the tip in patients who possess the triad of tip bifid- 
ity, thin skin, and strong LLCs. In such situations, the thick 
edges of cartilage gradually become apparent through the 
thin skin envelope as contracture distorts the disrupted tip 
structures. Modification through suture techniques with 
avoidance of LLC division is less likely to lead to bossae 
formation in such patients. 

As discussed, the medial aspect of the cephalic border 
of the lateral crura may overlap for a variable distance. This 
degree of overlap depends on the overall cephalocaudal 
position of the lateral crura. In extreme cases, the trajectory 
of the upper border of the lateral crura is actually straight 
cephalad, each edge overlapping with the other in the mid- 
line over the dorsal septum. In such noses, the lateral crura 
may diverge from the midline only near its lateral termi- 
nation. External deformities may be discernable in such 
patients, particularly in those with thin skin. The classic 
description is the parenthesis deformity, so named because 
the bulky outline on frontal view created by the cephali- 
cally positioned lateral crura looks as if it is framed by two 
parentheses on either side of the supratip—“( ).” A high 
dorsum at the supratip on the lateral view in such patients 
may be misdiagnosed as overdevelopment of the quadran- 
gular cartilage in this region when it may be caused by the 
overriding cephalic lateral crura. Lowering the dorsum in 
such patients may require trimming of the cephalic mar- 
gin of the lateral crura or suture repositioning of the lateral 
crura instead of dorsal septal excision, the conventional 
approach to profile reduction. Another consequence of 
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cephalic lateral crura is the resultant decrease in support to 
the alar margin. With the lateral crus angled further cepha- 
lad, less structural reinforcement is provided to the caudal 
alar rim, predisposing patients to alar pinching or external 
nasal valve insufficiency. 

Another variation of the lateral crus that may affect 
nasal airflow is inward (medial) recurvature of its lateral 
terminus. In some patients, this creates a visible or palpa- 
ble mass in the lateral nasal vestibule, potentially impair- 
ing nasal airflow. In other cases, the deformity may not 
be apparent until after other rhinoplasty maneuvers have 
caused medialization of the lateral nasal wall, such as 
dome-narrowing or tip-projecting maneuvers. Correction 
may involve simple excision of this portion of the lateral 
crura if it is caused by overly long, redundant cartilage. 
Repositioning the area with a stiff underlay graft may be 
needed in other situations. 

Asymmoetries of the lateral crura may create tip irregular- 
ities and contour deformities. When these asymmetries are 
severe, they may create tip deviation, even in the presence 
of a midline caudal septum. 


NASAL BASE 


The main structures of the nasal base are the paired nasal 
alae, the nasal sills, the soft triangles, and the columella. 
These structures form a continuous ring around each of the 
nares or nostrils, the external openings of the nasal cavi- 
ties. The normal Caucasian nostril should be oval, with a 
vertical axis less than 45 degrees from the columella and 
a nostril-to-infratip lobule ratio of 2:1. Ethnic differences 
account for significant divergences from these values. 

The nasal ala is the most lateral wing-like portion of the 
nostril (21). The main body of the alar lobule is devoid 
of cartilaginous structure and consists of fibroareolar tis- 
sue. Because of this, the shape of the alar lobule is not 
typically sculpted directly in rhinoplasty. However, cartilag- 
inous elements frame the nasal ala, and their modification 
alters its shape. The lateral crus of the LLC sweeps over the 
superomedial portion of the ala. The sesamoid cartilages 
are located in the soft tissue overlying the pyriform aper- 
ture above the ala. Their number is variable, with 0 to 5 
cartilaginous bodies present. Interlaced with collagen and 
fibrous tissue, these accessory cartilages form the sesamoid 
complex, the connection between the mobile termination 
of the lateral crus to the rigid pyriform aperture rim. 

The insertion of the nasal ala to the face at the junction 
of the lip and cheek subunits determines the width of the 
nasal base. Interalar width refers to the horizontal distance 
from one alar crease to the other. The overall width of the 
nostrils is also affected by the alar flare, as defined by the 
degree of bowing of the ala above its insertion. The inser- 
tion to the face is three-dimensional, paralleling the curved 
alar crease that frames the nostrils laterally. Along with the 
position of the columella, the vertical position of the alar 
insertion determines the degree of columellar show. 
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The nasal sill is the soft tissue continuation of the ala as 
it curves medially to join the columella at the nasal spine. It 
represents the floor of the nostril and is generally wider in 
those individuals with a large interalar width. Inadvertent 
injury to the thin skin in this area may lead to visible scar 
or contraction leading to stenosis of the nostril. 

The soft triangle is a small base-up triangular subunit 
bordering the columella medially, the ala laterally, and 
apex of the nostril anteriorly. This area is unique in that it 
contains minimal subcutaneous tissue. The external nasal 
skin folds directly onto the internal vestibular skin, span- 
ning across the genua of the LLC. Because of the lack of 
subdermal support, this delicate skin is prone to scar con- 
tracture if violated. Cicatrix in this area can also lead to 
reduction in the cross-sectional area of the nostril. 

The columella is made up of the paired medial crura, 
which are bound together with fibrous attachments and 
covered with a skin envelope continuous with the membra- 
nous septum. In most individuals, the columella is fairly 
mobile, limited only by the attachments of the medial crura 
to the relatively fixed caudal border of the cartilaginous 
septum. The shape of the columella is determined by the 
paired medial crura and the most caudal edge of the carti- 
laginous septum. Distortions of the columella on base view 
often result from a deviated caudal tip of the septum, which 
may be easily revealed with side-to-side manipulation. 


Variant Anatomy 

The alar base represents one of the most highly vari- 
able regions of the nose. Width of the alar insertion is 
rarely within the confines of the medial canthi, as widely 
described, even in the leptorrhine Caucasian nose. Overall 
nasal alar width results from the combination of interalar 
width and alar flare. Patients of Asian and African descent 
are more likely to have greater alar base width, alar flare, 
a shorter columella, and more horizontally oriented nos- 
trils. These external differences are ascribable to underly- 
ing variations of structural anatomy: weaker, flatter LLCs; 
thick SSTE; and deficiency of the premaxilla and nasal 
spine (22). Thickness of the alar wall is also inconstant and 
reflects the amount of subcutaneous fatty fibroareolar tis- 
sue. These variations account for a wide range of nostril 
orientations and resultant deviation from the “normal” 
nostril-to-infratip lobule ratio of 2:1. Farkas et al. (23) 
categorize the variants of nostril position into seven types 
ranging from vertical to horizontal. 

It is crucial that the rhinoplasty surgeon precisely diag- 
nose the cause of a wide alar base before surgery. Some 
individuals have a wide interalar distance associated with 
wide nasal sills as the predominant cause. Correction of 
such a deformity might require segmental excision and 
closure of a portion of the nasal sills or suture technique 
to narrow the sills. Other patients may have a normal alar 
insertion with normal interalar distance but excessive alar 
flare. Reduction of the ala above the insertion would then 
be indicated. Reduction of the sill without addressing 
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the alar sidewalls in such patients may actually lead to 
an exaggeration of the flare, as the ala are forced to curve 
more acutely. Many patients have components of both an 
increased interalar width and alar flare, requiring treatment 
of both the sill area as well as the alar sidewalls. 

In addition, the internal and external circumferences of 
the nostrils must be considered so that the geometry of the 
excision may be appropriately adjusted. Some individu- 
als have a normal or even small inner nostril circumfer- 
ence but have an overall wide alar base because of thick 
alar walls. Such individuals benefit from a triangular or 
trapezoidal wedge excision such that more tissue is excised 
from the external rim of the nostril than is removed from 
the inner circumference. In extreme cases, the alar sidewall 
itself may be debulked and thinned through an alar rim 
incision. 


MECHANICS AND STABILITY 


Structural Elements and Relations 


Considerations regarding the mechanical stability of the 
nose are too often overlooked in rhinoplasty. Compromise 
to the structures and relations that maintain the nose’s 
architecture leads to long-term complications impairing 
both function and cosmesis. In this section, the regional 
anatomy of the nose is revisited as it pertains to the 
mechanical stabilization of the nose. Also discussed are 
several conceptual models, some of them co-opted from 
engineering principles, which are commonly invoked to 
help surgeons conceptualize the elements of nasal struc- 
tural stability. 

The stability of the nose derives from the strength and 
resiliency of its complex anatomic elements and their vari- 
ous interconnections. Three echelons of support may be 
conceptualized, each contributing various degrees of stabi- 
lization. First, the osseous framework, including the nasal 
bones, pyriform aperture, osseous septum, and nasal floor, 
provides the rigid foundation onto which the cartilaginous 
and soft tissue elements are built. Second, the rigid quad- 
rangular cartilage, which is fixated to bone along its ven- 
tral and cephalic borders, directly supports the upper and 
lower cartilaginous vaults. And third, the intrinsic architec- 
tures of the LLCs, ULCs, and associated soft tissue, which 
are all supported by the osseous and septal foundations, 
provide much of the stability of the nasal tip and base. The 
extent to which these regions exert support to the nose 
depends on the region of the nose. Cephalad, the nasal 
bones and osseous septum provide nearly all of the rigid 
support. The middle third of the nose is supported by the 
nasal bones cephalically and by the quadrangular cartilage, 
which serves as a pillar beneath. The nasal tip and base 
area, farthest removed from the osseous framework, is the 
most flexible and dynamic region and depends most on 
the support of the cartilaginous buttressing of the caudal 
septum and the inherent strength of the LLCs. 
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Cantilever Concept 


Sheen and Sheen (19) have described the nasal skeleton 
as a cantilever, in which the osseous vault is a stable exten- 
sion of the skull. Like a cantilever, the upper cartilaginous 
vault projects as a beam, supported cephalically through 
the thick fibrous attachment of the keystone area, and car- 
ries the load of the dependent aspects of the nose along its 
length and at its distal end. The strength of this support 
depends on the length and thickness of the nasal bones. 
Longer bones impart more caudal support. The fusion of 
the osseous vault and the upper cartilaginous vault with 
the dorsal edge of the septum forms this structural I-beam 
that extends from the nasion toward the nasal tip. This 
complex forms the basis of dorsal support for the nose. 
Disruption of the connections between the nasal bones 
or of the ULCs or both to the septum greatly weakens the 
central support provided by the I-beam. This occurs during 
hump reduction in which the medial septal support ele- 
ment for the ULCs is resected. The ULCs then must rely 
only on the cephalic attachments to the nasal bones for 
support. Unless this medial support is reestablished, for 
example, with spreader grafts, the ULCs may collapse infer- 
omedially, creating pinching, internal valve compromise 
and the inverted V. 


Role of the Nasal Septum 


The nasal septum supports the cantilever from its under- 
surface much as a support wall holds up a roof. Particularly 
at its caudal aspect, the quadrangular cartilage, functioning 
as a pillar, carries much of the burden of nasal tip support 
in most noses. Because the quadrangular cartilage is inher- 
ently rigid and sits firmly in an osseous foundation from 
the nasal spine along the maxillary crest and up the osseous 
septum to the nasal bones, it provides significant stabiliza- 
tion to the nose. The combination of the cantilevering dor- 
sal element and the buttressing caudal element forms the 
basis of the L-shaped strut—the most structurally impor- 
tant aspect of the quadrangular cartilage. Compromise to 
the dorsal component leads to a saddle-nose deformity 
with ventral collapse of the upper cartilaginous vault. The 
classic example of this is quadrangular cartilage resorption 
after an untreated septal hematoma. Compromise to the 
caudal component may lead to nasal tip ptosis, particu- 
larly in the presence of weak medial crura. Traumatic or 
iatrogenic injury is most often the cause. This is shown in 
studies in which removal of the cartilaginous septum in 
cadavers has been shown to result in a significant loss in 
nasal tip projection (24). For these reasons, it is critical to 
maintain structural integrity of the L-strut during surgery. 
Although conventional teaching emphasizes the need to 
maintain an uninterrupted 1.5-cm-wide dorsal-caudal 
strut, malposition or deformity of the strut itself may 
be the cause of external deformities, particularly in the 
crooked nose. Correction of these problems may mandate 
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the use of techniques that modify the septum and may 
require repositioning, camouflaging, or reconstruction of 
the L-strut itself (17). 


Ligamentous Attachments 


The nasal bones and the quadrangular cartilage serve as 
the rigid support structures of the nose. The more mobile 
caudal elements are reinforced onto these foundations 
through a network of fibrous adhesions. Although termed 
“ligaments,” these connections do not conform to the 
strict definition of an attachment between an osseous 
origin and insertion. Rather, they bind the cartilaginous 
structures to each other, to the nasal septum, and to the 
pyriform aperture. Numerous histologic and cadaver stud- 
ies have been conducted in an attempt to better character- 
ize the nature of this tissue. Although the characteristics 
of these attachments are variably reported, most authors 
believe they impart a variable degree of structural stabi- 
lization to the nose and, in particular, the nasal tip. The 
ligamentous systems most commonly described are dis- 
cussed later: the attachments between the ULCs and lateral 
crura, the intercrural ligaments, the attachments between 
the lateral crura and pyriform aperture, and the connection 
between the ULCs and nasal bones at the keystone region 
(discussed earlier). 

The area of overlap between the caudal aspect of the 
ULCs and the cephalic margin of the lateral crura is com- 
monly referred to as the scroll region, owing to the inter- 
locking curved cartilaginous elements. In reality, the 
relation between these structures is highly variable. In the 
most common orientation, the upper borders of the lat- 
eral crura overlap above the ULCs. It is thought that the 
extent of recurvature of the ULC is determined by the ten- 
sion exerted onto its cephalic margin as it is driven cepha- 
lad during fetal development (25). The angle of curvature 
may range from slight (less than 45 degrees) to complete 
(180 degrees). Other orientations exist with various rela- 
tions between the cartilaginous structures (Fig. 179.14). 
Irrespective of the particular orientation, the cartilages are 
bound together within the scroll region by fibrous tissue, 
also described as the “intercartilaginous ligament” (26). 
This articulation forms a hinge mechanism around which 
the nasal tip is suspended and can flex (27). With advanc- 
ing age, the intimate relation between the ULCs and the 
lateral crura may be lost as these ligamentous connections 
relax and the nasal tip settles caudally. In such cases, a dias- 
tasis between the upper and lower cartilaginous vaults may 
be present instead of a normal thickened scroll area. 

The intercrural ligament, also termed “the ligamentous 
sling” (28), binds the medial aspect of the lateral crura, 
the intermediate crura, and the medial crura to each other. 
This ligamentous structure is thought to pull the paired 
LLCs into the midline. It is widely believed that fibrous 
attachments connect this ligament to the caudal margin 
of the septum in the region of the medial crura, providing 
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additional tip support at the base of the nose. Some stud- 
ies, however, dispute the existence or the importance of 
such connections (29-31). The contribution of the inter- 
crural ligament in overall tip support, however, is fairly 
clear. After division of the intercrural ligament, nasal 
tip support is decreased by 25% to 35%, as measured 
by tensiometry (30). These studies highlight the need to 
restore the integrity of these attachments after they are 
disrupted during surgery, to prevent postoperative loss 
of tip support. An effective means to this end is through 
stabilization of the tip at the nasal base. Such techniques 
involve suture stabilization of the medial and intermedi- 
ate crura to a stable midline foundation, such as a long 
nasal septum, a nasal septal caudal extension graft, or a 
columellar strut (1). 

The connection between the lateral crura and the 
pyriform aperture consists of collagen fibers arranged 
irregularly with muscular fibers interspersed (31). This 
connection, which in some individuals contains embed- 
ded sesamoid cartilages, also is called the sesamoid complex 
or the lateral crural complex. 


Nasal Tip Support: Tripod Concept 


The nasal tip is a complex structure whose integrity is 
maintained by an interrelated network of supporting 
mechanisms made up of both the tip cartilages and the 
ligaments that connect them. One classic model used for 
understanding nasal tip support and dynamics is the tri- 
pod analogy (32). The apex of the tripod is the nasal tip, 
with each of the lateral crura extending cephalolaterally 
to form two legs of the tripod, and the conjoined medial 
crura together forming the third leg. Modification of the 
limbs of the tripod results in changes in nasal tip position. 
Shortening the limbs results in a loss of tip projection, 
whereas lengthening increases projection. Tip rotation 
increases as a result of either truncating the lateral limbs or 
extending the medial limb. The opposite maneuvers lead 
to decreased tip rotation. Although the tripod concept is 
useful to conceptualize these dynamic consequences of 
crural modification, the analogy falls short as a model for 
tip structural support. Unlike a true tripod, the LLCs do 
not rest on a stable surface. Rather, their “feet” are teth- 
ered by ligamentous connections to the osseous rim of the 
pyriform aperture and nasal spine, whereas the apex is ten- 
sioned anteriorly and cephalad by the intercrural ligament 
and the scroll (33). Thus, the nasal tip tripod is a dynamic 
unit that is suspended and supported by its rigid surround- 
ing structures (Fig. 179.15). 


Nasal Tip Support: Tardy Classification 


In his classic description of nasal tip support, Tardy includes 
three major and six minor mechanisms (Table 179.2), each 
of which imparts variable degrees of support depending 
on individual anatomy (6). The three major mechanisms 
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are the size, shape, thickness, and strength of the medial 
and lateral crura; the attachment of the medial crural foot- 
plate to the caudal border of the quadrangular cartilage; 
and the attachment of the caudal border of the ULCs to the 
cephalic border of the LLCs. The minor tip-support mecha- 
nisms are thought to augment the major ones. The classifi- 
cation into major and minor groups was based on clinical 
experience rather than on one specific structural model. 
Tardy advocates assessment of tip recoil through digital 
palpation to determine the relative importance of the vari- 
ous tip-support mechanisms in a given patient. 


Nasal Tip Support: Other Models 


Other schemas of nasal tip-support mechanisms have 
been reported. Based on multiple cadaver dissections, 
Janeke and Wright (28) proposed that the tip support is 
based on the fibrous connection between the ULCs and 
LLCs; the connection between the lateral crus to the 
pyriform aperture; the interdomal ligament between the 
paired domes of the LLCs; and the attachment of the 
medial crus to the caudal septum (28). Two of these are 
considered major tip-support mechanisms in the Tardy 
classification. The importance of the interdomal liga- 
ment, classified as a minor mechanism by Tardy, also is 
echoed by other authors who concluded that this inter- 
crural ligament is a major tip-support mechanism and 
should be reconstructed during open rhinoplasty (29,34). 
Conversely, other authors believe that the attachment of 
the medial crural footplates to the septum, a major mech- 
anism in the Tardy classification, plays only a small role 
in the stability of the nasal tip (33). This is supported by 
histologic studies of cadaveric noses showing the lack of 
defined attachments in this area (18,28,31). Tardy points 
out that minor mechanisms become major contributors 
(and vice versa) in certain individuals depending on their 
particular anatomy. 

Several of the ligamentous tip-support structures have 
been examined in histologic detail in fresh cadaveric noses, 
and the results are consistent with the macroscopic find- 
ings from dissections and from clinical experience. For 
example, the fibrous connection between the ULCs and 
LLCs is shown to consist of dense collagen fibers running 
in the same direction and anchored firmly to each cartilage 
(4,7,31). This meets the histologic criteria of a true liga- 
ment. 

The concept of the nasal tip as a dynamic structure is car- 
ried further in the tensegrity model of nasal tip support as 
proposed by Dyer (33). Applying an engineering and archi- 
tectural concept to the nasal skeleton, Dyer proposed that 
the nasal tip may be thought of as a tensegrity structure, in 
which stability derives from the distribution of mechani- 
cal stress throughout all its components. Such a structure is 
self-stabilizing, consisting of an equilibrium of compressive 
and tensile elements. In the nasal tip, the LLCs and the car- 
tilaginous septum are the compression-bearing members, 
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Figure 179.15 Various support mechanisms of the nose. A: The nasal septum functions as a sup- 
porting wall that reinforces the dorsal elements of the nose. Cross section through (i) osseous vault, 
(i) upper cartilaginous vault, and (iii) nasal base. B: The two lateral crura and the conjoined medial 
crura create a nasal tip tripod, a model useful for understanding nasal tip dynamics. The degree to 
which the inherent strength of these structures contributes to nasal tip support varies significantly 
from individual to individual. C: The network of ligamentous attachments reinforce and intercon- 
nect the skeletal elements of the nose. The ULCs are connected firmly to the undersurface of the 
nasal bones, forming a cantilever-like support for the dorsum. The nasal tip and base are stabilized 
through ligamentous attachments between the lateral crura and ULC, the lateral crura and pyriform 
aperture, and between the two dorsal regions of each LLC. 


and the fibrous, ligamentous connections are tension-bear- 
ing members. The nasal tip structure is thus viewed as an 
integrated structure in which disruption of one element 
affects the stability of the whole. Although it is difficult to 
test this description of nasal tip support scientifically, it is a 
useful concept that has already been applied to rhinoplasty 
techniques (33). 


Areas of Structural Void 


Two areas of the nose devoid of cartilaginous support are 
particularly susceptible to collapse in certain patients. 
First, the lateral nasal wall that is lateral (and often cepha- 
lad) to the termination of the lateral crura and medial to 
the pyriform aperture is prone to dynamic collapse with 
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TIP-SUPPORT MECHANISMS 


Major 
Size, shape, and resilience of the medial and lateral crura 
Medial crural footplate attachment to the caudal border 
of the quadrangular cartilage 
Attachment of the upper lateral cartilages (caudal border) 
to the alar cartilages (cephalic border) 


Minor? 

Ligamentous sling spanning the paired domes of the alar 
cartilages 

Cartilaginous septal dorsum 

Sesamoid complex extending the support of the lateral crura 
to the pyriform aperture 

Attachment of the alar cartilages to the overlying skin and 
musculature 

Nasal spine 

Membranous septum 


#On occasion, because of extreme anatomic variability, a “minor” 
tip support may assume the importance of one of the more major 
supports. 


inspiration. This area corresponds intranasally to the inter- 
nal valve area and may require reinforcement with graft 
such as alar batten grafts. In the normal state, this area is 
supported by the dilator naris and nasalis muscles (7). 
A second area is the alar margin, particularly lateral to 
the point at which the lateral crura diverge cephalically. 
In patients with projecting, thin noses, the alar margins 
are susceptible to collapse and resultant external valve 
narrowing. 

In summary, the stability of the nasal skeleton derives 
from its rigid elements, the nasal bones, pyriform aper- 
ture, and nasal septum. The dynamic caudal structures, 
the nasal tip and base, are stabilized largely through the 
lower lateral crural attachments to these anchoring struc- 
tures through networks of interconnecting fibrous tissue or 
ligaments. The means of support may be conceptualized 
both as a cantilevering mechanism from the nasal bones 
and ULCs cephalically and a pillar-like support from the 
septum ventrally. Although the inherent strength and resil- 
iency of the LLCs create a dynamic tripod and provide 
form and some support to the nasal tip, a significant loss 
of tip support is incurred if the attachments of the tripod 
to the surrounding rigid structures are violated. In rhino- 
plasty, it is therefore imperative to reconstitute tip support 
through methods such as suture stabilization of the medial 
and intermediate crura to a stable midline foundation to 
prevent postoperative tip instability. 


Variant Anatomy 

The infinite variations of form are evident in the different 
structural orientations encountered in different noses. As 
Tardy reminds us, the relative role of any of the structural 
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component of the nose differs from person to person. For 
example, individuals with long, broad nasal bones are more 
apt to have greater stability imparted to upper cartilagi- 
nous vault and to the caudal elements of the nasal tip and 
base. Within the tip itself, thicker, more developed cartilage 
provides greater strength and has a larger role in structural 
support than in someone with weak, thin cartilages. These 
differences are important to remember when choosing rhi- 
noplasty techniques. For instance, one traditional method to 
decrease projection of the tip is simply to perform a full trans- 
fixion incision and an intercartilaginous incision. Because 
this incision violates many of the anchoring ligamentous 
attachments of the tip tripod, the nasal tip may settle toward 
the face, thus reducing overall projection. However, in a nose 
in which the medial crura are long and broad, their inher- 
ent strength and resiliency may prevent the tip from moving. 
Methods that reposition and fixate the tip structures to stable 
surrounding structures are more reliable, reducing the unpre- 
dictability of results based on patient-variant anatomy (1). 


FUNCTIONAL VALVULAR ANATOMY 


Internal Nasal Valve 


The internal nasal valve area is the narrowest portion of 
the nasal passage. It is framed superolaterally by the caudal 
border of the ULC, medially by the septum, inferiorly by 
the floor of the pyriform aperture, and posteriorly by the 
head of the inferior turbinate (35). The internal nasal valve, 
formed by the caudal border of the ULC and the septum, 
is a specific slit-like structure within the internal nasal valve 
area and is often the narrowest region of the internal valve 
area. The angle formed by the attachment of the ULCs to 
the septum is 10 to 15 degrees in the Caucasian nose and 
wider in the African or Asian nose. If this angle is less than 
10 degrees, the patient will likely experience nasal obstruction 
because of the collapse of the internal valve on inspiration. 


External Nasal Valve 


The external nasal valve consists of the nare and the nasal 
vestibule. The nasal vestibule is the space just inside the 
external nare and is the compartment caudal to the inter- 
nal valve area. The vestibule is bordered medially by the 
septum and columella and laterally by the alar sidewalls. 
The vestibule contains vibrissae, or nasal hair, on a fold of 
skin under the lateral crus. Functioning as a coarse filter 
for inspired air, the vibrissae also serve a resistive purpose 
to slow the inspired air current and directing it posteriorly 
into the nasal cavity (36). 

The internal and external nasal valves are dynamic struc- 
tures that function together to deliver a smooth air current 
to the nasal cavities for humidification. During normal, 
quiet inspiration, the nasal valves change little in their 
cross-sectional areas. On deep inspiration, the nostrils 
flare to increase the diameter of the external valve. With 
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increased airflow, the intraluminal pressure in the internal 
valve area decreases according to the Bernoulli principle. 
The tendency for the valve to collapse, however, is coun- 
terbalanced by the resistance of its cartilaginous structure 
to deformation, as well as by isometric contraction of the 
alar dilator muscles to keep the lumen open. In normal 
nasal function, the cross-sectional area of the internal valve 
should be relatively unchanged during inspiration (37). 
Valvular collapse that occurs only during forced inspiration 
can be considered physiologic and does not usually require 
surgical correction (14). 

Certain variants of normal nasal anatomy predispose 
people to nasal obstruction. Individuals with a narrow 
upper cartilaginous vault tend to have a more acute angle 
in the internal nasal valve and may be more susceptible to 
nasal obstruction, even in the resting state. Poiseuille’s law 
states that the rate of air flow is directly proportional to 
the fourth power of the radius of the conduit. Therefore, 
even miniscule differences in airway size may have signifi- 
cant clinical effects. Individuals with weak ULCs or lateral 
nasal walls or both may have more collapse of the inter- 
nal valve area during inspiration. Preexisting or traumatic 
septal deviation in the internal valve area also can narrow 
the valve and cause nasal obstruction. Collapse of the 
external valve on deep inspiration can result from insuf- 
ficient support of the alar rim and alar lobule. Patients 
predisposed to such collapse have particular features that 
should alert the rhinoplasty surgeon: short nasal bones 
and a long upper cartilaginous vault (discussed earlier); 
narrow, projecting noses; slit-like nostrils; exaggerated 
supra-alar creases; visible pinching of the lateral wall with 
inspiration; thin cartilages and thin skin; and cephalically 
positioned lateral crura, which provide minimal support 
to the alar margins (38). 


ETHNIC VARIATIONS 


Three broad nasal morphology types have been used to 
describe ethnic variations. The leptorrhine (“tall and thin”) 
nose is associated with Caucasian or Indo-European 
descent. The leptorrhine nose has served as the basis of 


TABLE 
179.3 
Platyrrhine 

Skin type Very thick 
Dorsum Short, wide, concave 
Radix Low 
Nasal bones Short 
Nasal tip Bulbous, underprojected 
Columella Short 
Nasal alar width Wide 


Ala Prominent flaring 
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aesthetic ideal in Western culture, and the specific nasal- 
analysis parameters associated with this ideal are discussed 
elsewhere in this textbook. Because it is the most exten- 
sively studied in modern nasal analysis, it also inevitably 
becomes the reference point for comparison when study- 
ing noses of different ethnicities. Only recently have non- 
Caucasian standards of nasal analysis been developed for 
specific ethnic groups. 

The platyrrhine (“broad and flat”) nose is associated 
with African descent. It is characterized by very thick skin, 
a low radix, a short dorsum, a bulbous and underprojected 
tip, and flared nostrils. An analysis of the African American 
female nose shows that compared with the Caucasian 
standard for nasal analysis, the columella-to-lobule ratio 
is decreased, and the alar width relative to the intercan- 
thal distance is increased. With regard to the bulbous and 
underprojected tip, cadaver studies in African American 
males have demonstrated that the dimensions of the lat- 
eral crura are not significantly different from those of the 
Caucasian nose (39). However, the smallest cartilages were 
found among noses of the African subtype, and the larg- 
est were found in the Afro-Caucasian and Afro-Indian sub- 
types. This variability may underscore the effect of racial 
mingling on the canonic platyrrhine nose. 

The mesorrhine (“intermediate”) nose has features inter- 
mediate between the leptorrhine nose and the platyrrhine 
nose. The “typical” Asian or Latino nose is commonly 
regarded as mesorrhine, with a low radix, variable anterior 
dorsal projection, rounded and underprojected tip, and 
rounded nostrils. Note that considerable variation exists in 
this group. An individual from Northern China or Japan 
is likely to have a mesorrhine nose with strong leptorrhine 
characteristics, whereas another from Southeast Asia will 
likely share more platyrrhine features. In addition to dif- 
ferences in baseline characters, the types of nasal defects 
encountered in rhinoplasty may also depend on ethnicity. 
For example, Hispanic patients were more likely to have dor- 
sal humps, saddle deformities, dependent alae, retracted col- 
umellae, and poor tip projection compared to Anglos (40). 

Generalized characteristics of the canonic nasal mor- 
phology types are listed in Table 179.3 (41-43). 


GENERAL NASAL CHARACTERISTICS BY MORPHOLOGY 


Mesorrhine Leptorrhine 


Moderately thick Thin 


Short, wide Long, narrow 
Low High 

Short Long 

Rounded, underprojected Projected 

Short Long 
Intermediate Relatively narrow 
Variable Modest flaring 
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Any discussion of rhinoplasty for the “non-Cauca- 
sian nose” is by its nature flawed. It is overly simplistic 
to classify a non-Caucasian nose as an “ethnic” nose to 
which “ethnic rhinoplasty” principles apply. Two noses 
from two different ethnic backgrounds are likely to be as 
different from each other as they are from a Caucasian 
nose. In addition, as may be expected from studies of 
the Caucasian nose, significant variations in facial fea- 
tures are found within any given ethnic group, for exam- 
ple, as documented in African American women (44). 
Intragroup differences may be as great as intergroup dif- 
ferences. For instance, Latinos with Caribbean ancestry 
are more likely to have platyrrhine noses, whereas those 
of Central and South American descent have more lep- 
torrhine noses (45). It would be incorrect to apply eth- 
nic group characteristics blindly to an individual patient 
based on his or her background alone. Nevertheless, an 
awareness of the global differences between ethnic nasal 
morphologies will make a rhinoplasty surgeon more sen- 
sitive to the needs of all patients in preserving desired 
ethnic characteristics. 


CONCLUSIONS 


The nose is a dynamic and inconstant structure, its anat- 
omy varying from individual to individual. The anatomic 
principles and support mechanisms described in this chap- 
ter are not intended to be inflexible rules applicable to 
all patients. Rather, they are meant to be guidelines with 
which any one individual’s anatomy may be assessed to 
understand his or her tissue characteristics, structural 
dynamics, and anatomic features. Selection of the appro- 
priate surgical techniques should begin with an accurate 
assessment of the individual anatomy. Only then will the 
rhinoplasty surgeon maximize the likelihood of achieving 
the intended aesthetic and functional result. 


m Altering the topographic dimensions of one region 
of the nose may have a significant visual impact on 
the appearance of another region. 

= Modifications to the underlying nasal skeleton are 
less accurately transmitted through a thick SSTE, 
particularly when they are reductive. Even small 
contour changes or irregularities may transmit 
clearly through a thin SSTE. 

= An inverse relation exists between the lengths of 
the nasal bones and upper cartilaginous vault. Long 
nasal bones provide greater stabilization to the 
ULCs and other caudal elements of the nose than 
do short nasal bones. 


2939 


The tremendous variation in the size, position, 
shape, and contour of the LLCs accounts for much 
of the diversity of nasal tip form and support. 

The structural support of the nose is provided by 
the osseous framework, nasal septum, and the liga- 
mentous network that attaches the cartilaginous ele- 
ments to these foundations and to each other. 
Certain anatomic variations predispose patients 
to destabilization and valvular insufficiency after 
rhinoplasty: short nasal bones, narrow projecting 
noses, deep supra-alar creases, inspiratory pinching 
of the lateral wall, and cephalic LLCs. 

An understanding of individual variant nasal anat- 
omy and the features of nasal morphology that exist 
for different ethnicities allow the rhinoplasty surgeon 
to tailor treatment for each patient’s unique needs. 
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structure rhinoplasty. 


Rhinoplasty: Incisions, 
Approaches and Analysis 


A thorough and thoughtful approach to nasal analysis 
is the foundation upon which a successful aesthetic and 
functional rhinoplasty outcome is built. A consistent 
strategy—routinely applied—will hone one’s analysis 
skills and minimize the likelihood of failing to address 
something that should have been recognized preop- 
eratively. By studiously engaging in this practice preop- 
eratively and postoperatively, one will come to better 
appreciate the dynamics of rhinoplasty and the anatomic 
and surgical correlates of one’s observations and inter- 
ventions. 

No doubt, aesthetic ideals will vary—from patient 
to patient, from culture to culture, and from surgeon to 
surgeon (1-5). Nonetheless, the “guidelines” contained 
in this chapter are intended to serve as a useful, practical 
framework upon which to evaluate nasal aesthetics and 
from which to move forward to surgical planning. 


Familiarity with the nomenclature used for the reference 
points of surface anatomy facilitates improved commu- 
nication between colleagues and clarity of notes and the 
operative record. In addition, knowing how underlying 
structures are reflected on the surface topography enables 
the surgeon to more accurately analyze, diagnose, and 
anticipate the pathology and thereby develop a more 
thoughtful surgical strategy preoperatively. Accordingly, it 
is appropriate to begin with terminology. 

The commonly accepted terms for surface nasal anat- 
omy, as seen from the frontal, lateral, and base views, 
are illustrated in Figures 180.1 to 180.3 and defined 
below. Nasal anatomy is also covered and reviewed in 
greater detail in the chapter on “Surgical Anatomy of the 
Nose.” 


Grant S. Gillman 


Terminology 


Trichion—the most anterior midline point on the hairline 

Glabella—the most anterior or prominent point on the 
forehead (lateral view) 

Nasion (aka radix)—the starting point, root, or visual 
takeoff of the nose, it is the deepest depression at the 
root of the nose in the midsagittal plane, correspond- 
ing to the nasofrontal suture. The midline junction 
between the frontal bone and the nasal dorsum is 
also known as the radix. 

Rhinion—the midline junction of the nasal bones and 
the dorsal septum (osseocartilaginous junction) 

Supratip—the point along the nasal dorsum that lies 
just cephalic to the nasal tip 

Tip—the most anterior projecting part of the nasal pro- 
file (ideally). The tip “lobule” refers more broadly to 
the region bounded by the supratip superiorly, the 
anterior end of the alar crease laterally, and the ante- 
rior nostril margin posteroinferiorly. 

Infratip lobule—the part of the nasal tip seen from the nasal 
base view that sits anterior to the columella and leading 
edge of the nares and extends to the tip-defining point 

Soft tissue triangle (or soft tissue facet)—seen from the 
nasal base, this refers to the soft tissue skin fold that 
lies anterior to the apex of the nostril and just behind 
the caudal border of the junction of the medial and 
lateral crus of the lower lateral cartilage 

Subnasale—midline junction of the columella and 
upper lip 

Labrale superioris—the vermilion border of the upper lip 

Stomion—the midline point at the junction of the 
upper and lower lips 

Pogonion—the most anterior or prominent point on 
the chin (lateral view) 

Menton—the lowest midline point on the chin 
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Trichion 


Glabella 


Nasion 


Rhinion 


cartilage 
Supratip 


cartilage 
Tip 

Nasal ala 
Subnasale 


Labrale 
Superioris 


Stomion 


Pogonion 


Menton 


Surface anatomy nomenclature—frontal view. 


Trichion 


Glabella 
Nasion 
Rhinion 
Supratip 
Tip 
Subnasale 


Stomion 


Pogonion 
Menton 


Surface anatomy nomenclature—lateral view. 


Nasal bones 


Upper lateral 


Lower lateral 


Labrale superioris 


Nasal tip 
Infratip lobule 


Soft tissue facets 
Columella 


Alar rim 


Medial crural footplate 


Alar-facial junction 


Nasal sill 


Surface anatomy nomenclature—base view. 


The most commonly referenced angles applied to nasal 
analysis are the nasofrontal angle, the nasofacial angle, and 
the nasolabial angle. Collectively these generate information 
on features that have some bearing on nasal-facial propor- 
tion such as tip rotation, tip projection, and nasal length, 
and they are very useful when evaluating the nasal profile. 
The nasofrontal angle (Fig. 180.4) is the angle measured 
between a line extending from the glabella through the 
nasion and a second line drawn from the nasion through 
the nasal tip-defining point. The ideal nasofrontal angle 
ranges from 115 to 135 degrees. The deepest point of 
the nasofrontal angle is known as the nasion (or radix). 
Perhaps more important than the actual angle measure- 
ment itself, the position (superior vs. inferior) and depth of 
the nasofrontal angle and nasion have significant bearing 


Nasofrontal angle—the normal angle measures 
115 to 135 degrees. 
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Figure 180.5 Nasofacial angle—the normal angle measures 30 
to 40 degrees. 


on the overall aesthetics and proportion of the nose as it 
relates to the rest of the face. This is discussed in greater 
detail in the section on nasal analysis. 

The nasofacial angle (Fig. 180.5) is formed by a line from 
the glabella through the pogonion, intersecting with a line 


Figure 180.6 Nasolabial angle—the normal angle measures 90 
to 115 degrees. 
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from the nasion through the nasal tip-defining point. The 
ideal nasofacial angle ranges from 30 to 40 degrees (ideal 
36 degrees). A larger (more obtuse) angle reflects a rela- 
tive increase in tip projection whereas the nasal tip would 
appear less projected with a more acute nasofacial angle. 

The nasolabial angle (Fig. 180.6) is the angle formed 
between the upper lip (from subnasale to labrale supe- 
rioris) and the plane of the columella through the sub- 
nasale. The ideal nasolabial angle ranges from 90 to 115 
degrees. Males typically have a more acute nasolabial angle 
(90 to 105 degrees) consistent with less tip rotation, while 
the ideal nasolabial angle in females ranges from 100 to 
115 degrees in keeping with more tip rotation. 


SURGICAL INCISIONS AND 
APPROACHES 


An important distinction is made between surgical 
approaches and incisions. 

A surgical approach refers to the means of exposing the 
structures of interest. The approach that is chosen will then 
dictate the incisions that are used to enable that approach. 
The surgical approach chosen for nasal surgery will vary 
with the training, comfort level, experience, and preference 
of the operating surgeon as well as the complexity of the 
case. While there are a variety of surgical approaches and 
the preferred approach may vary from surgeon to surgeon, 
as a general rule, the more severe or complicated the nasal 
deformity in question, the more likely the surgeon is to 
benefit from broader exposure. 

Surgical approaches can be broadly categorized into 
external or endonasal approaches. Endonasal approaches 
can be subdivided into approaches to the nasal dorsum, 
the nasal septum, or the nasal tip, and endonasal tip 
approaches can then be further divided into delivery and 
non-delivery approaches (Fig. 180.7). 

Although no absolute indication exists for either an 
external or endonasal approach and multiple factors will 
play into the choice of the operating surgeon as noted ear- 
lier, a reasonable set of guidelines for each, which may be 
of benefit to the less experienced surgeon, is outlined in 
Table 180.1. 


Incisions 


Surgical incisions are made to facilitate surgical exposure, 
but the incisions in and of themselves, properly made, 
have little or no impact on the ultimate dorsal contour, tip 
shape, or septal position. The surgical incisions most com- 
monly used or referred to in the literature include 


m= The marginal (aka infracartilaginous) incision (Fig. 
180.8)—an incision of variable length made along the 
caudal margin of the lower lateral cartilage. It may be 
along the caudal border of the lateral crus only in certain 


2944 


Section X: Facial Plastic and Reconstructive Surgery 


Surgical approach 
External Endonasal 
Tip Dorsum Septum af Dorsum Septum 
Non-delivery Delivery 
Transcartilaginous Retrograde/eversion 


Figure 180.7 Surgical approaches to the nose. 


circumstances, the medial crus only, or along the entire 
caudal edge of the lateral crus. 

m The transcolumellar incision (Fig. 180.8)—an incision 
made transversely across the short axis (width) of the 
columella, joining bilateral marginal incisions at its lat- 
eral end to facilitate the external approach to the nose. 
It is typically sited over the medial crura about midway 
back along the columella and is generally irregularized 
(nonlinear) in some fashion for better camouflage and 
less scar contracture. 

m The intercartilaginous incision (Fig. 180.8)—an incision 
made at the junction of the caudal border of the upper 
lateral cartilage and the cephalic border of the lower lat- 
eral cartilage (hence “inter’-cartilaginous). Alone it can 
provide access to the upper two-thirds of the nasal vault 
(bony and cartilaginous dorsum, nasal sidewall) as well 
as retrograde access to the lateral crura of the lower lat- 
eral cartilages. When combined with marginal incisions, 
it allows the surgeon to release and “deliver” the lower 
lateral cartilage as a bipedicled chondrocutaneous flap, 


pivoting inferiorly in a bucket-handle fashion to enable 
tip contouring in endonasal rhinoplasty using a delivery 
approach. 

m The rim incision—an incision placed just within the 
nasal vestibule along the rim of the nostril margin. 
Owing to its proximity to the rim of the nares, any 
untoward healing or scar contracture with this incision 
carries a higher risk of visibility, retraction, notching, or 
irregularity along the alar margin as compared to a mar- 
ginal incision, and as such, it has fallen out of favor and 
is less frequently used. 

m The transcartilaginous (or cartilage-splitting) incision 
(Fig. 180.8)—an incision made through the lateral crus 
of the lower lateral cartilage caudal to the junction of the 
upper and lower lateral cartilage and at least 5 to 6 mm 
above the caudal margin of the lateral crus of the lower 
lateral cartilage. Effectively this divides the lateral crus 
into a superior (cephalic) and inferior (caudal) segment 
enabling removal of the cephalic strip for volume 
reduction of the tip cartilage. 


Endonasal Rhinoplasty 


¢ Dorsal reduction 
— Modest reduction, nasal bones of normal length (not short 
nasal bones with long upper lateral cartilages) 
— Normal width and alignment of middle third of nasal vault 
¢ Tip surgery 
— Primary (non-revision) surgery 
— To modify tip definition (boxy, wide, bifid, broad/bulbous tip) 
— No gross asymmetry 
— Modest increase/decrease in tip projection 
— Limited tip revision surgery 
¢ Linear deviation of nasal dorsum in need of osteotomies 


External Approach Rhinoplasty 


¢ Congenital nasal deformities, for example, cleft lip rhinoplasty 
¢ Major dorsal reduction or dorsal reduction with narrow/pinched 
middle third of nasal vault 

Major change in tip projection 

Marked nasal septal deformities 

Twisted nose 

Need for sutured-in-place structural grafting (middle nasal 
vault or lower third) 

Very thick skin 

Large septal perforation for repair 

Major secondary (revision) surgery 
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M- Marginal incision 


IC- Intercartilaginous 
incision 

TF- Transfixion 
incision 


Cc 
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CS- Cartilage splitting 
incision 

TF- Transfixion 
incision 


M- Marginal incision 
TC- Transcolumellar 
incision 


D 


Figure 180.8 Nasal-tip incisions. A: Marginal incision. B: Cartilage splitting (trans-cartilaginous) 
incision and transfixion incision. C: Inter-cartilaginous and transfixion incision. D: Transcolumellar and 


marginal incisions. 


m The hemitransfixion incision (Fig. 180.9)—an incision 
made unilaterally in the membranous septum at or just 
below the caudal edge of the septum. This allows access 
to one or both sides of the nasal septum and when com- 
bined with either an intercartilaginous or transcartilagi- 
nous incision dissection can facilitate exposure of the 
nasal dorsum right up to the nasion. 

m The full transfixion incision—an incision completely 
across the membranous septum from one side of the 
nasal vestibule to the other, just below the caudal edge 
of the septum. This incision separates the attachment 
of the medial crural feet from the caudal septum. Like 
the hemitransfixion incision, the complete transfixion 
incision enables access to either side of the septum, the 
anterior nasal spine, and the depressor septi muscle. 
It may be made alone or as a continuation of either an 


intercartilaginous incision (to facilitate alar delivery in 
combination with bilateral marginal incisions or for dis- 
section along the nasal dorsum) or a transcartilaginous 
incision (to facilitate dissection along the nasal dorsum). 


m The Killian incision (Fig. 180.9)—this incision is made 


through septal mucoperichondrium parallel and 
approximately 4 to 5 mm cephalic to the location of a 
hemitransfixion incision, further up in the nose proxi- 
mal to the mucocutaneous junction. It is primarily a sep- 
tal access incision. By virtue of its location, this incision 
preserves the mucosal attachment and blood supply to 
the most caudal aspect of the nasal septum. For septal 
deflections requiring modification of the caudal septum, 
either a hemitransfixion incision or external approach to 
the septum (depending on the severity of the problem) 
is preferred over the Killian incision. 
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Killian 
incision 


Hemitransfixion 
or transfixion 
incision 


Figure 180.9 Nasal septal access incisions. 


Approaches 


As regards surgical approaches to the nose, the external 
approach combines bilateral marginal incisions with a 
transcolumellar incision as noted earlier. Dissection and 
elevation of the skin and soft tissue envelope can then 
continue in a cephalad direction right up to the nasion if 
need be. The primary advantage of the external approach is 
unparalleled exposure and the unlimited ability to modify 
the cartilages as need be. Optimal visualization can be par- 
ticularly beneficial in circumstances where the underlying 
anatomy is unclear such as revision surgery or patients 
with gross asymmetry and provides a definite advantage 
when sutured-in-place cartilage grafting is desired. 

Potential disadvantages of the external approach include 
the extent of dissection and therefore surgical trauma in 
situations where more limited dissection might suffice. 
Wider undermining with the external approach generally 
translates into more postoperative edema that persists lon- 
ger than in the typical endonasal rhinoplasty. In circum- 
stances where one can comfortably achieve the same or 
similar result through a less invasive approach, the atten- 
dant reduction in tissue trauma is desirable. Routine dis- 
ruption of native cartilaginous attachments to skin may not 
always be necessary. Greater ligamentous disruption and 
skin undermining may in fact result in a greater loss of tip 
projection when compared to similarly applied techniques 
using an endonasal approach (6), thereby necessitating 
maneuvers to restore or reestablish tip projection. Finally, 
it must be said that greater exposure alone does not equate 
with better surgical results—failure to apply thoughtful, 
assiduous analysis and meticulous surgical technique will 
not be overcome merely by enhancing exposure. 

There are a number of endonasal approaches to the nose. 
A retrograde approach utilizes an intercartilaginous incision 
for retrograde access to the lateral crura of the lower lateral 
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cartilages, thereby enabling a conservative volume reduction 
of the cephalic portion of the lateral crus. The transcartilagi- 
nous approach uses a cartilage-splitting incision for removal 
of a predetermined amount of the cephalic portion of the 
lateral crus (that portion superior to where the incision is 
made). Like the retrograde approach, the transcartilaginous 
procedure has limited application, being primarily used for 
very moderate volume reduction of a tip which is other- 
wise well structured. The disadvantages of both of these two 
approaches are the limited ability to otherwise modify the 
cartilage beyond a cephalic trim, limited access to the domal 
area of the lower lateral cartilages, and therefore the inher- 
ent difficulty of insuring symmetry between the two sides. 

The delivery approach is the most versatile of the endo- 
nasal approaches to the nasal tip. By using a marginal 
incision and an intercartilaginous incision connected to 
a full transfixion incision, surgical dissection will release 
the superior and inferior attachments of the lower lateral 
cartilage while maintaining attachments medially and lat- 
erally. It can thus be pivoted caudally, in a bucket-handle 
fashion so as to “deliver” a bipedicled chondrocutaneous 
flap. Broader exposure and more direct visualization of the 
lower lateral cartilages permits a greater range of surgical 
modifications to be applied than with either the retrograde 
or cartilage-splitting endonasal approaches. The main dis- 
advantage with the delivery technique as compared to an 
external approach is the disruption or distortion of native 
in situ relationships between the lower lateral cartilages 
when delivered and greater technical difficulty with certain 
cartilage grafting techniques. 


NASAL ANALYSIS 


It is impossible to overstate the value of assiduous and sys- 
tematic nasal analysis. Rhinoplasty surgeons may differ in 
terms of their own aesthetic ideal, their preferred surgical 
approach, instrumentation, dressings, postoperative care— 
in short, they may differ in almost every surgical sense. 
Except the value that they place on thoughtful preoperative 
analysis. On that they would all agree—careful and thor- 
ough preoperative analysis will promote better and more 
consistent outcomes, reduce revision rates, and minimize 
the traps that await oversight and errors of omission. Nasal 
surgery is not a good place for 20-20 hindsight. 

Uniform and reproducible photographs are a funda- 
mental part of the evaluation process and surgical planning, 
in addition to being an accurate reminder of the preopera- 
tive state. Images of consistent size, quality, lighting and 
positioning will facilitate an honest and accurate appraisal 
of postoperative changes as compared to the preoperative 
views. A more detailed discussion of the technical aspects of 
photo documentation is covered in Chapter 171 of this text. 

The standard views for rhinoplasty are vertically ori- 
ented full face frontal, right and left oblique, right and left 
lateral views, and a base view (horizontally or vertically 
oriented). 
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Optional views include the frontal close-up (to high- 
light particular asymmetries or a crooked nose), a “bird’s 
eye” or dorsal view (for a crooked nose), and a lateral smil- 
ing view (to highlight the activity of the depressor septi 
muscle). A lateral view with a ruler alongside the patient's 
face can be helpful to enable one to make life-size repro- 
ductions, which then allow for accurate preoperative mea- 
surements to be made. 

All parts of the physical examination, inspection, and 
palpation should impart meaningful information to the 
examiner at each and every step. For the skilled clinician, 
an impressive amount of information relevant to treatment 
(medical or surgical) can be gleaned in only a few minutes. 

Evaluation of the rhinoplasty patient begins with an over- 
all survey of facial proportion and symmetry. Naturally there 
will be some variation in anthropometric norms from one 
race to another as alluded to earlier. The typical occidental 
Caucasian face can be roughly divided into equal horizontal 
thirds (Fig. 180.10)—from the hairline (trichion) to the gla- 
bella, from the glabella to the subnasale, and from the sub- 
nasale to the menton (chin). As there is great variability in 
hairline position, another way of looking at nasal and facial 
proportion considers the distance from the nasion to the 
menton (Fig. 180.11). Using this method, a nose which is 
in relatively good proportion to the face as measured from 
nasion to subnasale, is 43% of the nasion-menton distance, 


Trichion 


Menton 


Facial proportion—the face can be roughly 
divided into equal horizontal thirds, from trichion (hairline) to 
glabella, glabella to subnasale, and subnasale to menton. 
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Menton 


Facial proportion—lower facial two-thirds—the 
distance from nasion-subnasale is 43% of total nasion—menton dis- 
tance, whereas the subnasale—menton distance is 57% of the total. 


whereas the measurement from subnasale to menton is 
57% of the total distance. The nasion-to-subnasale measure- 
ment is therefore three-fourths of the subnasale-to-menton 
distance. The face may also be divided into vertical fifths 
(Fig. 180.12), each of which equals the intercanthal dis- 
tance (between medial canthi) or the width of the palpebral 
fissure (from medial to lateral canthus). 

After an overall survey of facial proportion and symme- 
try is complete, inspection of the nose is carried out next 
from a frontal, lateral, and a base view, at rest and with 
normal inspiration. Any tendency of the lateral nasal wall 
or nasal ala to medialize or collapse on mild to moder- 
ate inspiration should be noted. Dynamic collapse of the 
nasal sidewall suggests instability or lack of proper struc- 
tural support in that region, which should be addressed at 
the time of surgery. 

Proper endonasal inspection of the nasal airway with a 
headlight and speculum further complements the informa- 
tion acquired from visual assessment of inspiratory stability. 
Ideally an endoscopic exam completes a physical examina- 
tion of the nasal airway. At this point, the examiner should 
have a good sense of septal alignment, turbinate size, and 
width of the nasal valve angle (normal = 10 to 15 degrees). 

Palpation of the nose follows. This gives the surgeon an 
indication of the thickness of the nasal skin, the presence 
of any palpable ridges or irregularities, the length of the 
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Facial proportion—the face can be divided into 
vertical fifths, each approximately equal to the intercanthal dis- 
tance or the width of the palpebral fissure. 


nasal bones relative to the upper lateral cartilages along the 

nasal dorsum, and some sense of the intrinsic strength of 

the alar cartilages, tip support, and caudal septum. 
Assessment is then carried out by examining the nose 

from a frontal view, oblique and lateral views, and base view. 
On the frontal view the examiner should evaluate 


m Overall symmetry. Asymmetries should be pointed out 
to the patient preoperatively. 

m Alignment (straight or crooked) and where if any misalign- 
ment exists (upper one-third, middle one-third, and/or 
lower one-third). Problems with alignment might suggest 
the need for osteotomies, rasping, onlay grafts, spreader 
grafts, or nasal tip surgery depending on where the asym- 
metry is centered. This is further discussed in the chap- 
ters on tip surgery and the management of the crooked 
nose. Narrowing of the middle nasal vault in particular is 
important to recognize since medialization of the upper 
lateral cartilage in this region will increase airflow resis- 
tance through the internal nasal valve and may account for 
a functional problem that would merit spreader grafting. 

m Tip definition and visible highlights or irregularities 

m Width of the bony nasal pyramid (upper one-third 
of the nose) as well as that of the nasal base. The alar 
base width should fall within lines dropped from each 
medial canthus. The bony width should be about 75% 
to 80% of alar base width. 
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The brow-tip aesthetic lines outline the nasal 
dorsum. 


m The brow-tip aesthetic lines (Fig. 180.13)—paired, 
smooth, gently curving lines, which follow the curvature 
of the brow, continuing caudally down the lateral nasal 
dorsum (at the junction of the dorsum and nasal side- 
wall) to the tip-defining points. Deviations along this 
line may be seen in patients with prior trauma and 
crooked or twisted noses as well as in those with pinch- 
ing or narrowing in the middle third of the nose where 
the upper lateral cartilages fuse with the dorsal septum 
(the internal nasal valve region). 


On the oblique view, one should evaluate 


m The brow-tip aesthetic line. The left oblique view high- 
lights the right brow-tip line and vice versa. Often 
irregularities along this line are well appreciated on the 
oblique view. 

m The height of the nasal dorsum 

@ Soft tissue facets 


A substantial amount of information is revealed from 
examination of the nose in lateral view. Owing to the vol- 
ume and complexity of what is seen from this view of the 
nose, it is helpful and therefore recommended to proceed 
in a methodical and reproducible fashion each and every 
time. In that respect, the author recommends first taking a 
broader view of the nose and how it relates to overall facial 
proportion and then proceeding sequentially from nasion 


Chapter 180: Rhinoplasty: Incisions, Approaches and Analysis 2949 


to subnasale. In this way, one can avoid overlooking fea- 
tures of interest or import. Specifically, on the lateral view 
beginning at the root of the nose and moving caudally, one 
should evaluate 


m Radix position, radix projection, and nasofrontal 
angle. The ideal radix position or visual radix break- 
point should lie around the level of the supratarsal 
crease or between the crease and the upper eyelid mar- 
gin. This will influence the height of the nose from 
nasion to subnasale, which should roughly equal 43% 
of the distance from nasion to menton. If the nasion 
or visual takeoff of the nose is low (a caudally posi- 
tioned radix—often referred to as “low radix dispropor- 
tion”), the nose will look shorter, the tip will appear 
to be relatively overprojected (a “bottom-heavy nose”), 
and the dorsal height will be somewhat exaggerated 
(Fig. 180.14), whereas the opposite is true when the 
radix is cephalically malpositioned (“high radix dispro- 
portion”). Regarding radix projection, Byrd calculates 
the normal radix projection to be 0.28 x ideal tip pro- 
jection (see calculation under tip projection), which 
generally corresponds to 9 to 14 mm from the ante- 
rior corneal plane (7). An underprojected radix (deep 
radix) will exaggerate any apparent dorsal height and 
may create the illusion of a “pseudohump” when dor- 
sal height might be appropriate (8). In addition, a deep 
radix, much like a low radix, will make the nose look 
shorter and the tip look relatively overprojected while 
an overprojected (shallow) radix will make the nose 
look longer and the tip less projected. A deep or low 
nasofrontal angle (deep or low radix) might warrant 
the need for radix grafting to bring the radix forward 
or higher and to improve upon relative proportions of 
the nose. 


m The length of the nose, from radix to the most anterior 


projecting point on the tip. Byrd’s dimensional analysis 
(7) derives ideal nasal length from measurements taken 
from either the midface or lower face. Midfacial height 
(MFH) is the measured distance from the glabella to the 
alar base plane (a transverse line through the alar base, 
perpendicular to the vertical axis of the face). Using his 
method, ideal nasal length is two-thirds of MFH (using 
midfacial measurements), or equal to the distance from 
the stomion to the menton (using lower facial measure- 
ments). When the mandible is underdeveloped (eg., 
microgenia), the midfacial guideline is preferred. 


m The height of the nasal dorsum and whether it be in 


need of reduction, augmentation, or neither. Height of 
the nasal dorsum, or lack thereof, is clearly considered 
relative to the radix depth and nasal-tip projection. With 
appropriate radix position and depth, if one were to 
draw a line from the nasion to the tip-defining point, the 
height of the dorsum would either be level with that line 
(male) or 1 to 2 mm below that line (female) conferring 
a slight supratip break so that the leading point of the 
nose is the tip and not the dorsum. 


m The presence or absence of a supratip break (seen when 


the tip projects just slightly anterior to the dorsal line in 
the lateral view) 

Nasal tip projection. There are several methods to 
assess tip projection. Byrd calculates that ideal tip pro- 
jection, measuring from the alar cheek junction to the 
anteriormost point on the tip, is two-thirds of ideal nasal 
length (as calculated above) (7). Crumley describes the 
nose as a right angle triangle with a 3:4:5 ratio, whereby 
nasal-tip projection is 60% (three-fifths) of nasal length 
from nasion to tip-defining point (9) (Fig. 180.15). 
Goode draws a vertical line from the nasion through the 


Figure 180.14 Low radix dis- 
proportion—a deep or caudally 
positioned radix (arrow) as seen 
preoperatively on left will make the 
nose appear shorter, the tip appear 
relatively overprojected, and the 
dorsal height appear exaggerated. 
Postoperatively on right, after radix 
augmentation with only conservative 
dorsal reduction, the radix takeoff 
has been moved cephalically and 
the nose looks better balanced and 
proportionate. 
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Figure 180.15 Crumley's 3:4:5 right angle triangle estimates 
appropriate tip projection to equal three-fifths (60%) of nasion-to-tip 
distance. Goode’s calculations yield similar proportions. 


alar cheek junction and a second line perpendicular to 
the first running from the alar facial junction to the nasal 
tip. Using his technique, this second line, which reflects 
tip projection, is 0.55 to 0.60 x nasion-to-tip distance 
(nasal length) (10). These lines essentially recreate the 
same 3:4:5 right angle triangle described by Crumley. 

m The columellar double break—a slight change in plane 
along the nasal base at the transition point from the 
columella to the infratip lobule at the anterior nares 

m The alar-columellar relationship. Normal columellar 
show as measured on lateral view from the highest point 
on the curved alar rim to the lower edge of the columella 
is 2 to 4 mm. Values in excess of that may be due to an 
overly long caudal septum, bowing of the medial crura 
or alar retraction. Measurements below 2 mm can be 
due to a retruded columella, foreshortened caudal sep- 
tum or alar hooding (11). 

m Tip rotation or the nasolabial angle. The ideal range is 
approximately 90 to 115 degrees, with men being gener- 
ally more acute and women being more obtuse. 

m Chin position. In men, the most anterior point of the 
chin (the pogonion) should lie at or just anterior to a 
vertical line dropped from the vermilion border of the 
lower lip, whereas in women the pogonion should be 
at or just behind that line. With obvious microgenia, a 
discussion of chin augmentation or advancement genio- 
plasty is warranted to optimize overall facial balance. 
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On the base view, the examiner should evaluate 


m Symmetry. Are there visible irregularities of the tip 
cartilages? Are the nostrils symmetric? 

m Shape of the nasal base. Is it nicely triangular (isosce- 
les) or boxy, broad, amorphous, trapezoidal, etc.? 

m Bifidity (separation) of the alar domes 

= Contour of the alar sidewall. Is the alar sidewall straight 
or slightly convex and stable, or is there any buckling/ 
concavity of the lateral crura or alar collapse, either at 
rest or with inspiration (suggestive of external nasal valve 
compromise)? 

m The position of the caudal septum 

m The columella-to-lobule ratio. Ideally 2:1 

m Width of the alar base 


CONCLUSION 


Fluency with the nomenclature, understanding the utility 
of the various nasal incisions and merit of different surgi- 
cal approaches and having a consistent framework to apply 
to nasal analysis are the essential starting points for the rhi- 
noplasty surgeon, and this chapter is intended to serve as a 
useful resource in that regard. 

It has been said that diagnosis precedes technique. As 
one of the most challenging, humbling and variable pro- 
cedures in facial plastic surgery, successful rhinoplasty is 
heavily predicated upon accurate preoperative assessment 
and diagnosis. It is thus incumbent upon the rhinoplasty 
surgeon to develop a dependable, thorough and reproduc- 
ible approach to nasal analysis. In this way, more consis- 
tently successful results and greater levels of patient and 
surgeon satisfaction are assured. 


m Thoughtful, systematic and precise preoperative 
nasal analysis is the foundation of a well-planned 
and well-executed rhinoplasty. 

m Fluency with proper terminology and nomenclature 
enables better record keeping and clearer communi- 
cation between colleagues. 

= Racial and anthropometric “norms” account for dif- 
ferences in “ideal” facial and nasal proportions and 
characteristics. 

= Surgical approaches to the nose should be chosen 
based on experience, the surgical plan and complex- 
ity of the case. The goal is always maximal results 
with minimal surgical intervention. Once chosen, 
the surgical approach guides the selection of inci- 
sions. 

m Each preoperative photograph conveys specific 
information—knowing what to look for and how to 
study each image is a vital skill to acquire for any- 
one performing rhinoplasty surgery. 
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The Nasal Dorsum: 
Management of the Upper 


Two-Thirds of the Nose 


Randolph B. Capone 


Of all the aesthetic facial units, the nose plays a predom- 
inant role in facial proportion and harmony. As a single 
unpaired structure occupying the midface, it serves to bal- 
ance the facial thirds and fifths as well as those aesthetic 
units surrounding it. Seemingly small changes after rhi- 
noplasty or traumatic injury frequently effect dramatic 
changes in nasal appearance. The nose is not, however, 
only an aesthetic structure but also a respiratory and olfac- 
tory organ. This duality of nasal form and function man- 
dates that rhinoplasty must enhance nasal appearance and 
optimize the nasal airway. It is essential, therefore, that the 
nasal surgeon have a detailed understanding of nasal anat- 
omy and physiology and a thorough grasp of the many 
interventions available in rhinoplasty. In this chapter, we 
discuss these issues with regard to management of the 
upper two-thirds of the nose, that is, the bony and carti- 
laginous vaults. 


The upper two-thirds of the nose contains the dorsum and 
sidewall aesthetic subunits, whereas the tip, columella, 
soft tissue triangles, and alae constitute the lower third of 
the nose (Fig. 181.1) (1). Topographically, the upper two- 
thirds of the nose is that portion from the nasion to the 
level of the alar groove (Fig. 181.2), where the nasion is 
defined as the intersection of the internasal suture with the 
nasofrontal suture in the midsagittal plane. The radix is the 
root of the nose and defines the most posterior point along 
the curve from the glabella to the nasal dorsum. 


Skin and Subcutaneous Tissue 


The skin overlying the upper nasal two-thirds has variable 
thickness. Relatively thick at the nasion (2 to 5 mm), it 
becomes thin and mobile over the dorsum (3.2 mm) and 
thinnest at the rhinion (2 to 2.2 mm) and gradually thickens 
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again, becoming sebaceous toward the tip (5 mm) (2). 
This variability is important in planning the dorsal profile 
because creation of a straight skeletal profile will not likely 
create a straight postoperative profile. When edema dimin- 
ishes, the surgeon may find that the rhinion has been over- 
resected if no allowance for skin thickness was considered 
during surgery. 

Beneath the skin is a thin fibrous layer designated the 
nasal superficial musculoaponeurotic system (SMAS) (3). 
Analogous to the facial SMAS, the nasal SMAS encompasses 
the nasal musculature and is located immediately superfi- 
cial to the periosteum and perichondrium. Dissection just 
below the nasal SMAS provides a less traumatic and easier 
dissection plane during rhinoplasty, with preservation of 
nasal vasculature, nerves, and lymphatics that lie within 
the skin-soft tissue envelope (4). 


Nasal Bones and Upper Lateral Cartilages 


Deep to the nasal SMAS are the paired nasal bones and 
upper lateral cartilages. The nasal bones fuse with the fron- 
tal bone approximately 11 mm superior to the intercanthal 
line and are on average 2.5 cm in length (5). The length 
can be quite variable and represents a significant risk fac- 
tor for airway compromise after rhinoplasty, for the shorter 
the nasal bones, the greater the proportion of cartilaginous 
nasal anatomy that is cantilevered and supported (6). The 
caudal margin of the nasal bones overlaps the cephalic 
margin of the upper lateral cartilages, which in turn inter- 
lock with the paired lower lateral cartilages at the scroll 
(Fig. 181.3). Each of these connections is an important 
structural component that contributes to nasal integrity 
and support. 

Laterally, the caudal margin of the nasal bones and the 
anterior margin of the ascending processes of the maxilla 
form the piriform aperture. The lateral margin of the upper 
lateral cartilages fuses with dense connective tissue, and the 
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medial margin fuses with the septum superiorly but sepa- 
rates and is mobile inferiorly. Mucosa is tightly adherent to 
the internal surface of the cartilages and is continuous with 
the lining of the septum and lateral nasal wall. 

The caudal margin of the upper lateral cartilage, the 
anterior head of the inferior turbinate, the proximate sep- 
tum, and floor of the nose define the borders of the internal 
nasal valve. The angle between the upper lateral cartilages 


Figure 181.2 Upper nasal two-thirds: nasion to alar groove. 
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Figure 181.1 Nasal aesthetic subunits. 
(From Burget GC, Menick FJ. Aesthetic 
reconstruction of the nose. St. Louis, MO: 
Mosby, 1994:7, with permission.) 


and the septum is the nasal valve angle, normally 10 to 
20 degrees. The internal nasal valve typically has a cross- 
sectional area of 55 to 83 mm? and represents the site of 
greatest nasal resistance. It is the primary airflow-limiting 
segment of the nasal cavity in the human nose (7). 


The Bony and Cartilaginous Vaults 


The upper nasal two-thirds can be thought of as two con- 
tiguous arches, or vaults—a superior bony vault and an 
inferior cartilaginous vault. The nasal bones and the paired 
ascending processes of the maxilla comprise the bony 
vault, and the cartilaginous vault is composed of the upper 
lateral cartilages and the cartilaginous dorsal septum. The 
region of transition of the bony vault to the cartilaginous 
vault is known as the rhinion. The soft tissue linkage that 
occurs at the rhinion is comprised of upper lateral carti- 
lage perichondrium that inserts on the undersurface of the 
paired nasal bones. This union allows for motion of the 
inferior vault relative to the superior vault. 

As the name implies, nasal vaults are critical for sup- 
port, distribution of forces, maintenance of dorsal height, 
and maintenance of nasal projection. As with any arch, the 
most essential support element occurs at the keystone. The 
nasal keystone area is the convergence of the caudal margin 
of the nasal bones, the perpendicular plate of the ethmoid 
bone, the cephalic margin of the upper lateral cartilages, 
and the cartilaginous septum. Understanding this area is 
critical during planning and execution of osteotomies so as 
to effect a change without disruption of important support 
mechanisms. 


NASAL ANALYSIS 


The face is a complex set of surfaces with tremendous vari- 
ability. The goal of facial analysis is to provide a consis- 
tent framework to compare pre- and postoperative results 
despite this variability. Nowhere is this more important 
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Figure 181.3 Anatomic relationships of the nasal bones, upper lateral cartilages, and lower lateral 
cartilages. (Modified from Papel ID. Management of the middle vault. In: Papel ID, ed. Facial plastic 


and reconstructive surgery, 2nd ed. Stuttgart, Germany: Thieme, 2002:408, with permission.) 


than in rhinoplasty. Every rhinoplasty candidate should 
have high-quality six-view photography to facilitate analy- 
sis. In addition, an additional chin-down view is especially 
useful in evaluation of patients with nasal vault deformity 
(Fig. 181.4). 


Aesthetic Angles 


Analysis of the nasal aesthetic angles reveals the importance 
of the dorsum in evaluation of the rhinoplasty patient. Of 
the five facial aesthetic angles, three are determined using 
the geometry of the nasal dorsum: the nasofacial, the naso- 
frontal, and the nasomental angles. The nasofacial angle is 
the angle prescribed by the intersection of the facial plane 
(glabella to pogonion) and a line tangent to the nasal dor- 
sum. Ideally, it is 36 to 40 degrees. The nasofrontal angle 
is determined by the intersection of the line connecting 
the nasion and glabella and the nasal dorsum tangent, 
ideally 115 to 130 degrees. Lastly, the nasomental angle is 


determined by the intersection of the line connecting the 
tip-defining point to the pogonion and the nasal dorsum 
tangent. The ideal nasomental angle is 120 to 132 degrees. 
Each of these angles should be carefully considered dur- 
ing the examination and photographic evaluation of the 
rhinoplasty candidate. 


Nasal Length 


Leonardo da Vinci introduced the practice of dividing the 
face into equal vertical thirds and horizontal fifths for the 
purpose of facial analysis. Later modified by Powell and 
Humphreys (8), this serves as the basis for modern-day 
facial analysis. A method more specific to nasal analysis, 
however, divides the lower face into two parts using the 
nasion, subnasale, and menton as landmarks (9). Using 
this method, nasal length (nasion to subnasale) should 
be three-fourths the distance from the subnasale to the 
menton (Fig. 181.5). 
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Figure 181.4 The chin-down view of nasal dorsum is useful 
to detect the presence of subtle radix contour irregularities or 
asymmetry. 


menton 
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Nasal Width and Radix Contours 


On frontal view, nasal width should increase along its 
length, with a minima occurring at the intercanthal line. 
Maximal nasal width occurs at the alae and should equal 
one-fifth the width of the face. The upper nasal contour 
should follow a gentle curve from the medial eyebrow to 
the ipsilateral tip-defining point. Any irregularities in this 
brow-tip aesthetic line will quickly be noted as different 
from the contralateral side, thereby contributing to asym- 
metry and an unsightly appearance. The pair of these lines 
(also referred to as radix contours) is highlighted by the 
nasal light reflex and are ideally symmetric (Fig. 181.6). 


Dorsal Projection 


The nose projects anteriorly from the face, with its for- 
ward thrust orthogonal to the facial plane and parallel to 
the midsagittal plane. Quantification of nasal projection 
is a critical component of the rhinoplastic evaluation, yet 
of the many methods previously described, none specifi- 
cally address dorsal projection (i.e., dorsal height) (10-12). 
Determination of proper tip projection using Crumley’s 
method, however, utilizes the geometry of the 3:4:5 trian- 
gle; that is, projection of the nasal tip should equal three- 
fifths (0.6) the length from the nasion to the tip-defining 
point. This method can be used simultaneously to yield 
the ideal dorsal projection at any point along the dorsum, 


nasion 


Vv 


Figure 181.5 Determination of nasal length using the 
nasion, subnasale, and menton: ideally a = “if, b. 
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Figure 181.6 Brow-tip aesthetic line. (From Orten SS, Hilger PA. 
Facial analysis of the rhinoplasty patient. In: Papel ID, ed. Facial 
plastic and reconstructive surgery, 2nd ed. Stuttgart, Germany: 
Thieme, 2002:361, with permission.) 


because the proportions of a 3:4:5 triangle are constant 
(Fig. 181.7). If dorsal projection exceeds this limit (0.6), 
it is indicative of the presence of a dorsal hump. Because 
a slight dorsal concavity can be attractive, dorsal projec- 
tion just less than this limit is allowable, but a significantly 
lower measurement could be indicative of a saddle-nose 
deformity. 


DEFECTS OF THE NASAL VAULTS 


Bony Vault Defects 


Most deformities involving the bony vault arise from blunt 
trauma (Table 181.1). Fractured nasal bones can be com- 
minuted and/or displaced, often resulting in an unsightly 
twist, depression, spur, or hump. Frequently, the skin 
overlying the bony dorsum is lacerated causing additional 
deformity by the presence of cicatrix and adherence of the 
dermis to the nasal bone periosteum. Severe fractures such 
as nasoorbital ethmoid (NOE) fractures are often quite 
disfiguring due to retrodisplacement of the nasal bones, 
deprojection and flattening of the nasal dorsum, and short- 
ening of the nose. The resultant telescopic defect is often 
associated with traumatic telecanthus due to the disrup- 
tion of the medial canthal tendon insertion on the nasal 
bones. Trauma involving the bony vault will commonly 
contribute to functional deficits if the keystone area, the 
septum, or the middle vault is also affected. Less common 
causes of upper vault deformity include prior rhinoplasty, 
neoplasia, and congenital anomalies (13,14). 


Section X: Facial Plastic and Reconstructive Surgery 


alar crease 


Figure 181.7 Determination of ideal dorsal projection using 
Crumley’s tip projection analysis. At any point along the dorsum, 
the ratio of dorsal projection to the distance from the nasion 
should equal 3/5 (0.6). 


Cartilaginous Vault Defects 


Deformity of the middle nasal vault can be more com- 
plex than that of the bony vault because it is frequently 
accompanied by internal nasal deformity contributing to 
airway compromise. The internal nasal valve occurs near 
the junction of the upper lateral cartilages and the dorsal 
septum and is often weakened or narrowed subsequent to 
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trauma affecting the middle vault. Furthermore, the soft 
tissue nature of the middle vault makes it susceptible to 
deformity caused by other etiologies, including unrecog- 
nized birth trauma, infections, inflammatory diseases, or 
autoimmune processes (15-17). 

Treatment of the middle vault in rhinoplasty was 
for many years considered little more than removal of a 
hump deformity. In the 1980s, however, surgeons began 
to describe numerous long-term complications of this lim- 
ited approach, including the inverted-V deformity, nasal 
valve collapse, open roof deformity, and pollybeak defor- 
mity. As a result, rhinoplasty techniques were modified to 
avoid these problems (18,19). 


MANAGEMENT OF THE 
CARTILAGINOUS VAULT 


Surgical correction of the middle vault involves correction 
of existing deformities, while ever mindful of additional 
deformity prevention. When certain risk factors are pres- 
ent, such as short nasal bones, weak upper lateral carti- 
lages, thin skin, narrow bony pyramid, or previous trauma 
or surgery, preventative action may be required utilizing 
cartilage grafting, precise structural realignment, and fixa- 
tion of nasal valve structures. 

Correction of middle vault starts with septoplasty. The 
old saying “as the septum goes, so goes the nose” indicates 
the importance of straightening the central strut of the 
nose. With the goal of making the dorsal septum as straight 
as possible, the open approach is often used. Accessing the 
septum from above via the separation of the medial crura 
of the lower lateral cartilages allows better exposure than 
the traditional endonasal approach (20). Further separa- 
tion of the upper lateral cartilages from the dorsal septum 
results in maximal septal exposure. The deviated portions 
of the quadrangular cartilage and perpendicular plate of 
the ethmoid bone are removed, making sure that 1 cm 
dorsal and caudal struts are maintained. Wide mucoperi- 
chondrial elevation, weakening incisions, wedge excisions, 
and sutured struts are adjuncts useful in straightening the 
deviated septum (21). 

Spreader grafts are probably the next most common 
corrective modality used for middle vault rehabilitation. 
First described by Sheen and Sheen (22), these rectan- 
gular cartilage grafts are placed between the junctions of 
the upper lateral cartilages and septum to widen and sta- 
bilize the nasal valve. Spreader grafts not only lateralize 
the upper lateral cartilages but also strengthen the middle 
vault to resist the inward motion on inspiration associated 
with Bernoulli principle. They can be placed either through 
open or closed rhinoplasty techniques but are easier to 
stabilize with direct sutures via the open approach. Septal 
cartilage is the most frequently used grafting material, but 
auricular cartilage may be used if septum is not available. 
Spreader grafts can also be used for aesthetic purposes. For 
patients with unilateral middle vault depressions, a single 
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spreader graft can elevate and lateralize the upper lateral 
cartilage to restore symmetry. 

In many revision rhinoplasty cases involving middle 
vault pathology, separation of the septum and upper lateral 
cartilages has occurred due to prior hump removal. There 
is usually fibrous connective tissue present instead of the 
native cartilaginous junction. Therefore, preservation of 
the mucoperichondrium and creation of a pocket for graft 
placement through the open approach are usually preferred. 
If the upper lateral cartilages are fused with the septum in 
the internal nasal valve area, sharp dissection with an ele- 
vator will preserve the mucoperichondrium and maintain 
stability. In cases in which the upper lateral cartilages have 
been almost completely resected, conchal cartilage onlay 
grafts may be needed in addition to spreader grafts to aug- 
ment lateral support or camouflage depressions. The grafts 
are carved, aligned, and fixed into position with 5-0 PDS 
(Polydioxanone Ethicon, Somerville, NJ) mattress sutures. 
Most spreader grafts are 1.5 to 2.5 cm in length and 1 to 
3 mm in width. In general, the grafts should run along the 
dorsal septum from below the bony cartilaginous junction 
to the anterior septal angle. In severe cases, the grafts may 
be layered to provide additional bulk. Grafts of unequal 
width may also be used to correct asymmetries in the mid- 
dle vault. Spreader grafts can also be used as internal splints 
to help straighten a caudal septal deflection. The technique 
of spreader graft placement and fixation is demonstrated 
in Figures 181.8 to 181.11. Placement of spreader grafts 
is greatly facilitated by placement of a 30-gauge needle 
through the cartilage complex while suturing. 

A corollary to spreader grafting that deserves mention 
is reverse spreader grafting. This technique can be useful 
in patients with an overly broad middle vault, minimal 
nasal obstruction, and no nasal valve collapse. In these 
cases, patients can benefit from reduction of the horizontal 
width of the cartilaginous dorsum, which can be thought 
of as the reverse of spreader grafts (23). 

Additional methods to augment the function of the 
nasal valve involve the placement of alar batten grafts, 
butterfly grafts, and various suture methods. Schlosser 
and Park (24) described the use of 5-0 clear nylon flaring 
sutures that span the upper lateral cartilages and septum 
horizontally. Tightening the suture theoretically increases 
the angle of the internal nasal valve and therefore improves 
nasal airflow. Their study indicated that flaring sutures 
used concomitantly with spreader grafts increase airflow 
more than the use of spreader grafts alone. Other suture 
techniques such as tip-lifting sutures, or valve maneuvers 
like internal valve M-plasty or lateral crural J-flap, can also 
be useful adjuncts but are outside the scope of this chapter. 

Patients with saddle-nose deformity frequently have 
middle vault collapse without soft tissue support, com- 
monly due to a large septal perforation. Fixation of a dor- 
sal graft helps to enhance dorsal projection, support the 
soft tissues, and restore the integrity of the nasal valve. 
Calvarial bone secured with a lag screw or rib cartilage 
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Figure 181.8 Placement of spreader grafts between septum and upper lateral cartilages. (From Papel ID. Management 
of the middle vault. In: Papel ID, ed. Facial plastic and reconstructive surgery, 2nd ed. Stuttgart, Germany: Thieme, 


2002:409, with permission.) 
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Figure 181.9 Placement of spreader graft lateralizes and ele- 
vates the upper lateral cartilage, widening the middle vault. (From 
Papel ID. Management of the middle vault. In: Papel ID, ed. Facial 
plastic and reconstructive surgery, 2nd ed. Stuttgart, Germany: 
Thieme, 2002:409, Fig. 35-5, with permission.) 


secured with sutures has been very useful in these patients 
(25,26). In addition, dorsal calvarial grafts can serve as 
anchors for other reconstructive grafts (27). In some cases, 
the use of crushed cartilage or AlloDerm (LifeCell Corp., 
Branchburg, NJ) over the dorsum and graft material can 
help smooth an irregular profile. 

The pollybeak deformity is a complex nasal deformity 
with multiple etiologies that deserves special mention. It 
is caused by relative underprojection of the nasal tip with 
regard to the projection of the dorsum. It is important to 
understand that a pollybeak can occur, therefore, when the 
tip is either correctly projected or underprojected. If tip projec- 
tion is aesthetically correct but the dorsum remains over- 
projected, a pollybeak deformity is present. Conversely, a 
pollybeak results when dorsal projection is aesthetically cor- 
rect but the tip is underprojected. A pollybeak deformity can 
occur naturally, or as the result of prior rhinoplasty, with 
insufficient lowering of the cartilaginous dorsum, excessive 
reduction of the bony dorsum, disruption of tip support 
without reconstitution, excessive tip deprojection, or inap- 
propriate derotation of the tip. As such, there are different 
management strategies for minimizing the incidence of 
pollybeak, depending on the nature of the deformity. The 
important point is that the rhinoplasty surgeon recognizes 
the importance of the critical relation between tip projec- 
tion and dorsal projection during rhinoplasty and main- 
tains adequate tip projection when altering the dorsum. 
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MANAGEMENT OF THE BONY VAULT 


Deformity of the upper nasal vault represents a challenge 
to the rhinoplasty surgeon, requiring thorough preopera- 
tive evaluation and careful surgical technique to manage. 
Improper or incomplete treatment of the bony vault may 
lead to suboptimal results, including persistence of exist- 
ing defects or the creation of new ones. The presence of 
iatrogenic deformities listed in Table 181.1 bears witness 
to this. Surgical treatment of the bony vault should aim to 
accomplish the following: (a) establishment of appropri- 
ate dorsal projection, (b) creation of a smooth dorsal con- 
tour free of bony irregularity, (c) correction of nasal width, 
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Figure 181.10 Spreader grafts in place and fixed 
with mattress sutures. The original dorsal height is iden- 
tified. (From Papel ID. Management of the middle vault. 
In: Papel ID, ed. Facial plastic and reconstructive sur- 
gery, 2nd ed. Stuttgart, Germany: Thieme, 2002:409, 
with permission.) 


and (d) straightening of the crooked nose. Techniques 
used to accomplish these aims include hump reduction, 
osteotomies, and grafting. 


Hump Reduction 


John Orlando Roe (1848 to 1915) provided the modern 
age with the first account of dorsal defect correction in 1891 
(Fig. 181.12) (28). Regional dorsal overprojection is man- 
aged with wide soft tissue envelope elevation and the 
removal of portions of the nasal bones. This can be done 
either through an open or closed approach. Adequate expo- 
sure must be balanced with the maintenance of soft tissue 
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Lower lateral 
cartilage Figure 181.11 Demonstration of mat- 
tress suture fixation and use of 30-gauge 
needle for stabilization. (From Papel ID. 
Management of the middle vault. In: Papel 
ID, ed. Facial plastic and reconstructive sur- 
gery, 2nd ed. Stuttgart, Germany: Thieme, 
2002:409, Fig. 35-7, with permission.) 
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Figure 181.12 John Orlando Roe patient: before (A) and after 
(B) dorsal hump removal (1891). (From Lam SM. John Orlando 
Roe: father of aesthetic rhinoplasty. Arch Facial Plast Surg 2002;4: 
122-123, with permission.) 


support, and it must be remembered that the upper lat- 
eral cartilages insert deep to the caudal margin of the nasal 
bones. Exquisite care must be taken not to disarticulate this 
union. The best way to avoid this is to elevate the nasal bone 
periosteum using a Joseph elevator starting from a point 1 to 
2 mm superior to the rhinion (29). Bone removal is subse- 
quently accomplished with a double-guarded osteotome or 
a carbide tungsten pull rasp, depending on the amount of 
bone to be removed. After sharp incision of the cartilaginous 
component, large humps typically require removal with the 
osteotome. Care should be taken to follow the planned tra- 
jectory and not make an oblique cut by straying laterally 
or canting the osteotome (Fig. 181.13). Refinements can 
then be performed by rasping just off midline in a slightly 
oblique manner so as not to avulse the upper lateral carti- 
lages (30). It must always be remembered that overly aggres- 
sive bony and cartilaginous dorsal reduction can lead to a 
scooped nasal appearance and even the saddle-nose deformity. 


Figure 181.13 Removal of dorsal excess. (From Mostafour SP, 
Murakami CS, Larrabee WF Jr. Management of the bony nasal 
vault. In: Papel ID, ed. Facial plastic and reconstructive surgery, 
2nd ed. Stuttgart, Germany: Thieme, 2002:403, with permission.) 
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Osteotomies 


Osteotomies have evolved greatly since the time of Jacques 
Joseph (1865 to 1934), one of the rhinoplasty pioneers 
who touted their importance (31). Early techniques were 
fraught with nasal airway compromise largely due to a 
trajectory that caused wide disruption of periosteum and 
release of lower lateral cartilage lateral suspensory liga- 
ments. Modifications have led to the emergence of modern 
techniques that place equal importance on preservation 
of the nasal airway and aesthetic improvement, in accord 
with the dual tenet of the rhinoplasty operation (32,33). 
Osteotomies are commonly used to improve irregulari- 
ties in the brow-tip aesthetic line and correct open roof 
deformities (diastasis of the nasal bones) associated with 
bony dorsum reduction. They can be performed laterally, 
medially, or intermediately. Lateral osteotomies should be 
limited to the thin bone of the pyriform aperture, lateral to 
the anterior margin of the ascending maxillary processes. 
If too far lateral, the thick bone at the nasofacial transition 
will be encountered, rather than the average 2.5-mm thick- 
ness typically encountered along the osteotomy path (34). 
Lateral osteotomies can be linear or perforating, inter- 
nal or external. The ideal trajectory is described as “high- 
low-high,” which indicates the anteroposterior position 
on the nasal pyramid. A standard lateral osteotomy is a lin- 
ear, internal cut that is initiated with a mucosal stab inci- 
sion made just lateral to the anterior face of the inferior 
turbinate. The curved, guarded 4-mm osteotome is placed 
into the incision on the margin of the pyriform aperture, 
at about a 45-degree angle to the facial plane, or roughly 
perpendicular to the face of the aperture (Fig. 181.14). 
Preservation of the inferior segment of the pyriform main- 
tains the lateral suspensory ligaments and width important 
for the nasal airway. Soon after the initial cut, the osteo- 
tome should be transitioned roughly parallel to the facial 
plane and directed toward the medial canthal area. The 
osteotomy should then curve anteriorly and superiorly 
to terminate at the level of the medial canthus, midway 
between the dorsal line and the medial canthus. The 
telltale sound of the osteotome meeting the thicker frontal 
bone is indicative of the proper stopping point. The oste- 
otomy is completed with pronation and medialization of 
the osteotome, causing back-fracture across the superior 
aspect of the nasal bone. Elevation of the periosteum in 
this vicinity liberates the nasal bones from the soft tissue 
envelope, allowing the osteotomized bone to heal free of 
the influence of soft tissue contracture. If the back-fracture 
is incomplete or inadequate, it can be augmented percuta- 
neously using a 2-mm osteotome. Alternatively, the entire 
back-fracture can be completed percutaneously. If the 
osteotomy extends superior to the medial canthus, there 
is greater risk of creating a rocker deformity, which occurs 
when the nasal bone inferior to the osteotomy sinks rela- 
tive to the bone superior to the cut. Should this occur, steps 
must be taken to camouflage the step off or replace the 
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Figure 181.14 The lateral osteotomy is initiated at the anterior 
face of the inferior turbinate, initially perpendicular to the plane 
of the pyriform aperture (position 1). The osteotomy is then tran- 
sitioned (position 2) and carried to the medial canthal area. (From 
Mostafour SP, Murakami CS, Larrabee WF Jr. Management of the 
bony nasal vault. In: Papel ID, ed. Facial plastic and reconstruc- 
tive surgery, 2nd ed. Stuttgart, Germany: Thieme, 2002:404, with 
permission.) 


malpositioned bone, and wait until the bone heals before 
attempting further osteotomy. 

Perforating lateral osteotomies can be performed either 
internally (transnasally) or externally (percutaneously). 
The perforating technique is the ideal method to complete 
an exact osteotomy with minimal trauma. It is preferred 
when maintenance of support is critical, such as in revision 
rhinoplasty or short nasal bones, because there is far less 
disruption of periosteal support and the intact periosteum 
stabilizes and splints the mobilized segments, enhancing 
precise healing (35,36). A series of perforations are made 
at fixed intervals along the desired fracture trajectory and 
then completed with minimal manual manipulation. The 
intranasal perforating osteotomy is useful to widen the 
pyriform aperture by displacing the bones laterally (37). 

Medial and intermediate osteotomies should be used 
judiciously; however, they can be essential when the pyri- 
form is very thick, the nose is significantly deviated, or 
a very large nose needs to be reduced. Both medial and 
intermediate osteotomies are usually performed transna- 
sally with a 3-mm osteotome. Medial osteotomies are initi- 
ated on the medial aspect of the caudal margin of the nasal 
bones near the septum. This is very near the keystone area 
of the nasal vaults, so considerable care must be taken, for 
disruption of the connection between the caudal margin 
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Figure 181.15 An intermediate osteotomy is marked on the 
skin and the inferior edge of the bone is noted. A percutaneous 
method is used in a perforating manner. 


of the nasal bones and the cephalic margin of the upper 
lateral cartilages is the cause of the inverted-V deformity 
and its accompanying nasal obstruction. The percutane- 
ous perforation technique can be used to perform medial 
osteotomies to further ensure preservation of the keystone. 
The trajectory of the fracture is superolateral, meeting 
with the back-fracture of the previously performed lateral 
osteotomy. If further correction is needed, intermediate 
osteotomies can also be performed. The intermediate oste- 
otomy is also initiated on the caudal margin of the nasal 
bones, intermediate to the medial and lateral osteotomies. 
The trajectory should parallel the lateral osteotomy and 
meet with the superior back-fracture. Because intermediate 
osteotomies are difficult to execute if the lateral bone has 
already been mobilized, they are best performed prior to 
lateral osteotomies. Figure 181.15 demonstrates a percuta- 
neous technique for an intermediate osteotomy. Note how 
the bony cartilaginous margin is marked to prevent dam- 
age to the supporting system (Fig. 181.15). 

It is often helpful to plan the steps needed to reshape the 
upper two-thirds of the nose. Drawing the lines of planned 
osteotomies and indicating those areas to be grafted or 
reduced will help guide the operation in a logical manner. 
This can be very helpful to keep the procedure on track, 
especially after edema has occurred and the original con- 
tours may not be easily visible (Fig. 181.16). 


Grafts 


Contemporary grafts useful in treatment of the bony vault 
include radix grafts, onlay grafts, and anchored bone grafts. 
Radix grafts serve to increase the projection of the naso- 
frontal trough, correcting the excessively deep nasion. 
If septal or auricular cartilage is readily accessible, it can 
be used either as a single morselized piece or multiple 
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Figure 181.16 The surgical plan is marked on the skin prior to 
local anesthetic infiltration. Areas of grafting, reduction, and oste- 
otomy are marked. 


fragments sutured together as a plumping graft (38). The 
graft is placed either superficial or deep to the nasal bone 
periosteum and held in place by the overlying skin enve- 
lope. Although AlloDerm can also be used as a radix graft, 
it is perhaps more useful as a dorsal onlay graft to cam- 
ouflage small irregularities as well as to add height. When 
significant bony defects are present, as after cancer resec- 
tion or NOE-telescoping nasal deformity, calvarial bone 
grafts may be required to reconstruct the upper vault. These 
grafts are cantilevered off the frontal bone and anchored 
precisely with titanium screws. 


CONCLUSION 


Facial aesthetics and attractiveness rely in large part on the 
appearance of the nose. Deformities affecting the nasal 
vaults are distinct and independent from those affecting 
the nasal tip and contribute not only to unsightly appear- 
ance but also to improper nasal function. Building on the 
past experience of prior rhinoplasty surgeons, surgical tech- 
niques dealing with nasal vault deformities have evolved, 
ever mindful that restoration of proper anatomic vault 
relations significantly enhances the appearance of the nose 
and nasal function. The contemporary rhinoplasty surgeon 
must be facile with analysis and management of the bony 
and cartilaginous nasal vaults that comprise the upper two- 
thirds of the nose and be able to integrate this into man- 
agement of the nasal tip for successful performance of the 
rhinoplasty operation. 


Section X: Facial Plastic and Reconstructive Surgery 


= The internal nasal valve is located at the junction of 
the upper lateral cartilages and the dorsal septum. 

m= Spreader grafts between the upper lateral cartilages 
and septum may widen and stabilize the valve. 

m The valve may also be augmented with batten grafts, 
butterfly grafts, and suture methods. 

= The pollybeak deformity is relative under projection 
of the nasal tip relative to the dorsum. 

m= Upper vault deformity is managed with hump 
reduction, osteotomies, and grafting. 

m The insertion of the upper lateral cartilages on the 
caudal margin of the nasal bones must not be dis- 
articulated. 


REFERENCES 


17. 


18. 


19. 


20. 


Burget GC, Menick FJ. Aesthetic reconstruction of the nose. St. Louis, 

MO: Mosby, 1994. 

Behrbohm H. Preoperative management. In: Behrbohm H, Tardy 

ME Jr, eds. Essentials of septorhinoplasty: philosophy, approaches, tech- 

niques. Stuttgart, Germany: Thieme, 2004:89-106. 

Mitz V, Peyronie M. The superficial musculo-aponeurotic system 

in the parotid and cheek area. Plast Reconstr Surg 1976;58:80. 

. Tardy ME, Brown RJ. Surgical anatomy of the nose. New York: 
Raven Press, 1995. 

. Oneal RM, Beil RJ Jr, Schlesinger J. Surgical anatomy of the nose. 

Otolaryngol Clin North Am 1999;32:145-181. 

Guyuron B. Nasal osteotomy and airway changes. Plast Reconstr 

Surg 1998;102:856-860; discussion 861-863. 

Papel ID. Management of the middle vault. In: Papel ID, ed. 

Facial plastic and reconstructive surgery, 2nd ed. Stuttgart, Germany: 

Thieme, 2002:407-413. 

Powell N, Humphreys B. Proportions of the aesthetic face. 

New York: Thieme-Stratton, 1984. 

. Papel IP, Capone RB. Facial proportions and esthetic ideals. In: 
Behrbohm H, Tardy ME Jr, eds. Essentials of septorhinoplasty: phi- 
losophy, approaches, techniques. Stuttgart, Germany: Thieme, 2004: 
65-74. 

. Simons R. Nasal tip projection, ptosis, and supratip thickening. 
Ear Nose Throat J 1982;61:44. 

. Crumley R. Quantitative analysis of nasal tip projection. 
Laryngoscope 1988;98:202-208. 

. Baum S. Introduction. Ear Nose Throat J 1982;61:426. 

. Dingman RO, Natvig P. The deviated nose. Clin Plast Surg 
1977,4:145-152. 

. Vuyk HD. A review of practical guidelines for correction of the 
deviated, asymmetric nose. Rhinology 2000;38:72-78. 

. Verwoerd CDA, Verwoerd-Verhoef HL. Developmental aspects of 
the deviated nose. Facial Plast Surg 1989;6:95. 

. Fernandez-VozmedianoJM,Armario HitaJC, GonzalesCabrerizoA. 

Rhinoscleroma in three siblings. Pediatr Dermatol 2004;21: 

134-138. 

Pirsig W, Pentz S, Lenders H. Repair of saddle nose deformity 

in Wegener's granulomatosis and ectodermal dysplasia. Rhinology 

1993;31(2):69-72. 

Sheen JH. Spreader graft: a method of reconstructing the roof of 

the middle nasal vault following rhinoplasty. Plast Reconstr Surg 

1984,73:230-237. 

Toriumi DM, Johnson CM. Open structure rhinoplasty: featured 

technical points and long-term follow-up. Facial Plast Clin North 

Am 1993;1:1-22. 

TerKonda RP, Sykes JM. Repairing the twisted nose. Otolaryngol 

Clin North Am 1999;32:53-64. 


21. 


22, 


23. 


24, 


25; 


26. 


27. 


28. 


29. 


30. 


Chapter 181: The Nasal Dorsum: Management of the Upper Two-Thirds of the Nose 


Foda MTF. The role of septal surgery in management of the devi- 
ated nose. Plast Reconstr Surg 2005;115:406-415. 

Sheen JH, Sheen AP. Aesthetic rhinoplasty. St. Louis, MO: CV 
Mosby, 1987. 

Thomas JR, Prendiville S. Overly wide cartilaginous middle vault. 
Facial Plast Surg Clin North Am 2004,12:107-110. 

Schlosser RJ, Park SS. Surgery for the dysfunctional nasal valve. 
Arch Facial Plast Surg 1999;1:105-110. 

Frodel JL, Marentette LJ, Quatela VC, et al. Calvarial bone 
graft harvest: techniques, considerations, and morbidity. Arch 
Otolaryngol Head Neck Surg 1993;119:17-23. 

Quatela VC, Jacono AA. Structural grafting in rhinoplasty. Facial 
Plast Surg 2002;18:223-232., 

Papel ID. Augmentation rhinoplasty utilizing cranial bone grafts. 
Md Med J 1991;40:479-483. 

Lam SM. John Orlando Roe: father of aesthetic rhinoplasty. Arch 
Facial Plast Surg 2002;4:122-123. 

Larrabee WF Jr. Open rhinoplasty and the upper third of the 
nose. Facial Plast Surg Clin North Am 1993;1:26. 

Mostafour SP, Murakami CS, Larrabee WF Jr. Management of the 
bony nasal vault. In: Papel ID, ed. Facial plastic and reconstructive 
surgery, 2nd ed. Stuttgart, Germany: Thieme, 2002:402-406. 


31. 


32. 


33. 


34. 


33; 


36. 


3. 


38. 


2963 


Aufricht G. Joseph’s rhinoplasty with some modifications. Surg 
Clin North Am 1971;51:299-316. 

Webster RC, Davidson RC, Smith RC. Curved lateral osteotomy 
for airway protection in rhinoplasty. Arch Otolaryngol 1977;103: 
454-458. 

Thomas JR, Griner NR, Remmler DJ. Steps for a safer method of 
osteotomies in rhinoplasty. Laryngoscope 1987;97:746-747. 
Larrabee WF Jr, Murakami CS. Osteotomy techniques to correct 
posttraumatic deviation of the nasal pyramid: a technical note. 
J Craniomaxillofac Trauma 2000;6:43-47. 

Tardy ME Jr. Contemporary rhinoplasty: principles and phi- 
losophy. In: Behrbohm H, Tardy ME Jr, eds. Essentials of septo- 
rhinoplasty: philosophy, approaches, techniques. Stuttgart, Germany: 
Thieme, 2004:37-63. 

Rohrich BJ, Minoli JJ, Adams WP, et al. The lateral nasal osteotomy 
in rhinoplasty: an anatomic endoscopic comparison of the external 
versus internal approach. Plast Reconstr Surg 1997;99:1309-1313. 
Byrne PJ, Walsh WE, Hilger PA. The use of inside-out lateral oste- 
otomy to improve outcome in rhinoplasty. Arch Facial Plast Surg 
2003;5:251-255. 

Daniel RK, Calvert JW. Diced cartilage grafts in rhinoplasty 
surgery. Plast Reconstr Surg 2004;113:2156-2171. 


Nasal Tip Surgery 


Tatiana K. Dixon 


Creating a natural nasal tip contour is a complex task and 
requires a three-dimensional approach. The surgeon must 
have a clear understanding of what looks normal and 
which methods should be used to attain that natural con- 
tour. The lower third of the nose is composed of multiple 
subunits (tip, columella, facets, and alae), and the curvi- 
linear surface transitions between these nasal subunits cre- 
ate highlights and shadows. Even the slightest concavity 
or asymmetry in the tip results in unnaturally positioned 
shadows, which detract from the person’s appearance on 
frontal view. When contouring the nasal tip, the surgeon 
should focus more on creating favorable shadows and 
highlights and less on narrowing. Simply narrowing the 
nasal tip may create abnormal shadowing between the 
nasal tip and alae resulting in a pinched-tip look. Careful 
consideration of the underlying anatomic structures and 
proper use of suturing and repositioning techniques in 
combination with cartilage grafting will help create favor- 
able, natural-appearing tip contours that will better with- 
stand the forces of scar contracture over time (1). 


Analysis of the tip, which is only one component of the 
nasal examination, is not undertaken in isolation. For the 
sake of brevity, this chapter focuses only on the contribution 
of the tip to the form and function of the nose. The reader 
is encouraged to consult another source (Chapter 179) 
for a thorough overview of nasal analysis. 

Before undertaking an intelligent analysis of the nasal 
tip, it is imperative to have a mastery of nasal anatomy as 
well as a clear understanding of the ideal contours and 
relationships of the nose (Figs. 182.1 to 182.6). 

When evaluating the tip, the surgeon should attempt 
to visualize the underlying structures by inspecting the 
skin. The first step is to try to quantify the thickness of the 
skin envelope. Most surgeons classify patients into thin, 
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medium, and thick skin categories. This can be estimated 
by inspection and palpation of the skin by rolling it 
between the thumb and index finger. When assessing skin 
thickness, freckles are a reliable indicator of thin skin (2). 
Thick skin tends to be more sebaceous and have thick 
nostril rims and less defined alar facets. 

Understanding the implications of skin thickness 
should radically alter the surgical plan with an emphasis 
on long-term results. Thin-skinned patients require a high 
degree of precision and symmetry without sharp edges of 
bone or cartilage, lest they be visible shortly after surgery. 
Thin-skinned patients should also be advised that they 
have a greater risk of developing small, visible asymmetries 
than patients with thicker skin. Conversely, they will enjoy 
a more rapid course of healing than their thick-skinned 
counterparts. 

Thick-skinned patients, on the other hand, have fewer 
surgical options than those with thin skin. It is critical 
that the surgeon not promise a result that is impossible to 
attain. For example, thick-skinned patients often request a 
more refined tip. Although a bulbous tip can be improved, 
a thick-skinned nose will not have defined soft triangles 
ora “chiseled” appearance postoperatively, despite the sur- 
geon’s efforts. Many thick-skinned patients also have large 
noses and want them made smaller. Because a thick skin 
envelope will not contract to any significant degree, it is a 
mistake to expect that cartilage resection alone will refine 
the contour of the tip and result in a smaller nose. Counsel 
these patients that, although their tip can be refined, it 
often necessitates the use of grafts to stretch and refine the 
thick tip skin and therefore requires increasing projection 
to achieve that definition. This increase in projection will 
have the added benefit of being able to keep the dorsum 
of the nose high, which will increase the appearance of a 
narrow nose. Otherwise, they risk having a loose, ptotic, 
poorly supported tip. Too many patients with thick skin 
undergo multiple revisions wherein the revising surgeon 
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Figure 182.1 Lateral view of the structures of the nasal tip. 


attempts to trim “just a little bit more,” which only exacer- 
bates the problem (Fig. 182.7). 

Palpation of the tip and its ability to recoil when 
depressed can identify weak lower lateral cartilages or a 
low anterior septal angle (Fig. 182.8). The septum can also 
be palpated by placing the tip of the thumb and index fin- 
ger in each of the nasal vestibules. This maneuver facilitates 
recognition of a weak or deviated caudal septum (2). 

Evaluation of the tip must include assessment of the 
tip supporting structures. Anderson’s tripod model of the 
nasal tip clarified the dynamics of altering tip support (3). 
In it, the conjoined medial crura represent one leg of the 
tripod and the lateral crura the other two. Tip position, 
therefore, is a consequence of the combined forces of the 
three legs of the tripod as well as the support provided 
by the caudal septum (Fig. 182.9). This model illustrates 
the variable contributions of the medial and lateral crural 
length when assessing projection, rotation, and the colu- 
mella—labial angle. 

The medial crura should be inspected by looking at the 
nasal base. Medial crural length has several surgical impli- 
cations. Short medial crura provide little tip support and 
will require reinforcement to prevent postoperative loss of 
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Figure 182.2 Frontal view of the underlying anatomic structures 
of the nasal tip. 
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Figure 182.3 Anatomy and nomenclature of the nasal tip viewed 
from the basal aspect. 


projection and counterrotation. If the surgeon intends to 
rotate the tip by performing a cephalic trim of the lateral 
crura, the poor support of short medial crura will preclude 
any meaningful cephalic rotation. Similarly, long medial 
crura may provide excellent tip support, but if the nose 
needs to be deprojected, techniques such as a full transfix- 
ion incision will have minimal impact. These long medial 
crura will likely need to be modified to deproject the nose. 
Any deficiencies in these major tip support mechanisms 
need to be addressed at the time of surgery. 

Important parameters to assess when analyzing the 
lateral view of the nasal tip are projection and rotation. 
Assessment of tip projection must be undertaken in the 
context of the entire profile. The nasofrontal angle, depth 
of the radix, and chin all affect the appearance of nasal 
projection (Fig. 182.10). When examining an abnormally 
projected nose, the surgeon must identify where in the 
nose the projection is distorted. For instance, in an over- 
projected nose, the medial crura may be excessively long, 
the domes may be too tall, or the anterior septal angle 


Tip lobule 
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Nasal base 


Figure 182.4 Underlying anatomic structures of the nasal 
base. 
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Ideal nasal tip contour. Note the triangular base 
view with an uninterrupted arch from alar rim to tip to alar rim. 


may be too anteriorly positioned. Similarly, short medial 
and lateral crura, a low anterior septal angle, flat domes, 
or a hypoplastic premaxilla can result in an underpro- 
jected nose. Sometimes these factors occur in combina- 
tion. Therefore, although recognizing that a nose is over- or 
underprojected is an important first step, the appropriate 
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Ideal nasal tip contour with a smooth transition 
between the tip lobule and the well-supported nasal sidewall with- 
out bulbousness or pinching. 


treatment options are widely divergent depending on the 
reason for the deformity. Unless the surgeon can identify 
these subtleties, good results are only a product of chance. 

Ideal rotation is 90 to 100 degrees in males and 100 
to 120 degrees in females. This varies according to the 
height of the patient as shorter patients tolerate more 


This patient had a bulbous tip and thick skin. After several reductive procedures, the 


tip is poorly supported and unrefined. 


Figure 182.8 Demonstration of finger palpation of the recoil 
mechanism of the nasal tip. The relative resistance to deformity 
demonstrated by the nasal tip provides a useful indication of the 
integrity of nasal tip support mechanisms. 


rotation and taller patients require less rotation to avoid 
seeing too much nostril on the frontal view. The perceived 
rotation is affected by the position and contour of the 
nasolabial angle. Another important component is the 
alar-columellar relationship, with approximately 2- to 
4-mm columellar show being considered aesthetic. Lastly, 
the double break and supratip break are important com- 
ponents that must be maintained or created to ensure a 
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Figure 182.9 Tip position is a consequence of the combined 
forces of the three legs of the tripod as well as the support pro- 
vided by the caudal septum. 


natural appearance of the tip. The double break is formed 
by the natural divergence of the intermediate crura 
(Fig. 182.11), and the supratip break is the transition from 
the tip-defining point to the dorsum. 

When assessing the frontal view, subtle highlights and 
shadows impart a three-dimensional perspective. First, the 
aesthetically pleasing nasal tip has a horizontally oriented 
tip highlight formed by the divergence of the intermediate 
crura and the paired domes (Fig. 182.12). The tip high- 
light should gradually transition to the alae without a deep 
shadow (1). The average width between tip-defining points 
is about 8 mm, but this can vary between 6 and 14 mm 
based on overall facial width, base width, and cultural 
norms (4). Of equal importance, there is a subtle shadow in 
the supratip region that continues laterally into the supra- 
alar groove, representing the supratip break. This shadow 
creates the appearance of a refined tip and is caused by the 
transition between the most projecting point of the domes 
and the more posteriorly positioned septum (1). 

Tip deformities and nasal obstruction can be a result 
of irregularities in the shape and rigidity of the lower lat- 
eral cartilages. Two important and frequently overlooked 


Figure 182.10 Demonstration of the 
value of chin augmentation associated 
with nasal tip surgery when microgenia 
accompanies the nasal deformity. Note 
how the increased postoperative chin 
projection helps to balance the lateral 
view and tip projection. The rhino- 
plasty involved dorsal hump reduction, 
nasal tip setback to decrease projec- 
tion, and dome sutures with lateral 
crural strut grafts. A: Before surgery. 
B: After surgery. 
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The double break is formed by the natural diver- 
gence of the intermediate crura. The columellar lobular angle is 
formed by the intermediate crura diverging into the lateral crura. 


tip deformities are cephalically positioned lateral crura 
and internal curvature of the lateral crura. Cephalically 
positioned lateral crura are often the cause of a dynamic 
airway obstruction because of poor support of the lateral 
nasal wall. A hypermobile nasal sidewall is susceptible 
to collapse on inspiration, which narrows the internal 
nasal valve. Aesthetically, cephalic positioning of the lat- 
eral crura often appears as a bulbous tip with a “paren- 
theses” appearance on frontal view (Fig. 182.13). This 
is because the shadow in the supratip area is lost due to 


The aesthetically pleasing nasal tip has a hori- 
zontally oriented tip highlight that gradually transitions to the 
alae without a deep shadow. There is also a subtle shadow in the 
supratip region that continues laterally into the supra-alar groove, 
representing the supratip break. 
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Cephalic positioning of the lateral crura often 
appears as a bulbous tip with a “parentheses” appearance on fron- 
tal view. 


the underlying lateral crura, and due to poor lateral wall 
support, the horizontally oriented tip highlight does not 
extend onto the alae. The lateral crura may be too long and 
recurve into the airway creating a bulge on the internal ves- 
tibular surface of the lateral nasal wall (Fig. 182.14). This, 


When lateral crura are too long, they can 
recurve into the airway, creating a bulge on the internal vestibular 
surface of the lateral nasal wall and cause obstruction of the nasal 
valve. 


too, diminishes lateral wall support and can cause a static 
obstruction. Before formulating a plan for operating on 
the nasal tip, the surgeon must first accurately analyze the 
underlying structure that is responsible for the patient's 
deformity. 


PREOPERATIVE PLANNING 


Standardized photography is mandatory for any surgeon 
committed to learning from experience. It also allows 
the surgeon to communicate more effectively with the 
patient about the goals and techniques of the planned 
operation. Computer imaging software permits morph- 
ing or side-by-side evaluation of the preoperative and 
planned postoperative states. In addition, many sur- 
geons print the manipulated images to use as a guide 
during surgery. Please refer to Chapter 171 for a more 
detailed review of the use of photography in facial plas- 
tic surgery. 

In the operating room, it is helpful to mark the patient 
before injecting local anesthetic. The distorting effects of 
local anesthesia and intraoperative edema can mask many 
of the asymmetries and contour irregularities that should 
be addressed by the surgery. 


SURGICAL TECHNIQUES 


Stabilizing the Nasal Base 


Before meaningful changes can be made to the tip lobule, 
the surgeon must create a stable foundation at the nasal 
base. The nasal base is composed of the caudal septum and 
its soft tissue attachments to the lower lateral cartilages. 
The major tip support mechanisms are (a) the strength, 
size, and shape of the alar cartilages; (b) the attachment 
of the medial crura to the septum; and (c) the attachment 
between the cephalic edge of the lower lateral cartilages 
to the upper lateral cartilages (Fig. 182.2). Patients at risk 
for postoperative loss of tip projection are those with 
weak lower lateral cartilages, a short caudal septum, and 
short medial crura. If the base is not stabilized, the sur- 
geon must overcorrect projection and rotation in antici- 
pation of postoperative loss of projection. This degree of 
overcorrection is based on the surgeon’s best estimate of 
what he believes the postoperative loss in projection will 
be. Proper stabilization of the base enables the surgeon to 
place the nasal tip in the desired position and avoids post- 
operative loss of tip projection (1). Precise, predictable 
control of tip projection therefore removes much of the 
guesswork from rhinoplasty. The hallmark of a tip that is 
poorly supported is the pollybeak deformity. When the tip 
deprojects postoperatively, the tip—supratip relationship is 
reversed. The ideally concave supratip break becomes an 
unattractive convexity. This tempts some surgeons to over- 
resect the septum in order to prevent this deformity. This, 
however, also results in an unnatural outcome where the 
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Figure 182.15 A columellar strut is placed by dissecting a 
pocket between the medial crura and suturing it in the midline. 


nose is inadequately projected and wide or poorly defined 
on the frontal view. 

Detailed examination of the nasal base is important to 
identify the necessary steps to stabilize the base and set the 
tip in the desired location. If the base is well supported by 
long medial crura, and the alar-columellar relationship is 
appropriate, a sutured in place columellar strut can effec- 
tively stabilize the base (4,5). This is also a good technique 
for reinforcing medial crura that are in good position but 
are buckled or warped. A columellar strut should be 5 to 
12 mm in length and 3 to 6 mm wide. Ideally, a strut is 
less than 3 mm thick. It is placed by dissecting a pocket 
between the medial crura and suturing it in the midline 
(Fig. 182.15). The strut should not extend to the nasal 
spine because this can lead to clicking if it slides from side 
to side. A floating strut will not increase projection but will 
support the medial crura in their contribution to a stable 
nasal base. 

In contrast to a floating columellar strut, an extended 
columellar strut is beneficial to use in patients with 
an underprojected tip caused by poor tip support. The 
extended columellar strut usually sits on the premaxilla 
or is suture fixated into a notch made in the nasal spine 
(Fig.182.16). Similarly, an extended strut can interdigi- 
tate with a premaxillary graft. This is especially helpful in 
patients whose poor projection is a result of inadequate 
tip support and a deficient premaxilla, such as those with 
a cleft-lip nasal deformity. The medial crura can then be 
advanced anteriorly and fixed in a more projected posi- 
tion. Often, the soft tissue over the anterior nasal spine 
needs to be dissected free to permit advancement of the 
nasal base. This also has the effect of softening the nasola- 
bial angle. A consequence of fixing the extended columel- 
lar strut to the nasal spine is that it may prohibit upward 
movement of the upper lip creating a crease in the upper 
lip when the patient smiles. Patients with an exaggerated 
upward elevation of the corner of their mouth when they 
smile are at the highest risk for a change in their smile with 
an extended columellar strut. 
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Figure 182.16 The extended columellar strut usually sits on the 
premaxilla or is suture fixated into a notch made in the nasal spine. 
The strut is placed end to end with the septum and stabilized with 
extended spreader grafts. 


Patients who have a hanging columella and an overly 
long caudal septum are good candidates for fixation of 
the medial crura to the septum. This is done by dissect- 
ing between the medial crura to provide access to the 
septum. A septoplasty is easily performed through this 
approach by elevating bilateral mucoperichondrial flaps. 
The medial crura are then positioned on the caudal septum 
in a tongue-in-groove manner with a 4-0 chromic mattress 
suture (6) (Fig. 182.17). Once the tip position is satisfac- 
tory, a 5-0 polydioxanone (PDS) suture is passed through 
the medial surfaces of the medial crura and the septum. 
A 4-0 plain gut suture on a Keith needle is then used to 
quilt the septal mucoperichondrial flaps and redistribute 
any excess mucosa. 


Figure 182.17 Repositioning the medial crura to set tip position 
and stabilize the nasal base. 
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Bunching of the mucosa is a potential pitfall in patients 
with an overprojected tip or hanging columella. Wide 
undermining of the flaps around the nasal spine allows 
the mucosa to be moved superiorly and nearly always 
precludes the need to resect mucosa or vestibular skin. 
Fixation of the medial crura in this manner provides excel- 
lent support for the nasal tip. It also affords precise con- 
trol of the tip projection, rotation, and alar—columellar 
relationship without having to excise mucosa or estimate 
the amount of postoperative tip settling. This maneuver 
is suited to patients with a tension-nose deformity, over- 
projected tip, underprojected tip, or hanging columella. 
If using this technique, the surgeon must avoid creating 
a retracted columella, obtuse columella-labial angle, or 
overrotated nose. These pitfalls can be avoided by restrict- 
ing this technique to those patients who have an inappro- 
priately long caudal septum that would otherwise need to 
be trimmed. 

Alternately, if the caudal septum is short or of appropri- 
ate length but tip position must be altered or stabilized, a 
caudal extension graft can be used to create a septum long 
enough to bind to the medial crura in the midline (7). 
This is a graft that can be sutured end to end or overlapped 
with the caudal septum, depending on whether it is in the 
midline. End-to-end grafts are stabilized with extended 
spreader grafts (Figs. 182.16 and 182.18) or two sets of 
bilateral splinting grafts sutured with 5-0 PDS sutures. 
Another suture through the periosteum of the anterior 
nasal spine greatly improves the sturdiness of an inline 
graft. A slightly deviated caudal septum can be lengthened 
with an overlapping graft. The graft is secured to the caudal 
septum with horizontal mattress sutures. Regardless of the 
technique used, the caudal margin of the graft should be in 


Figure 182.18 Inline caudal extension graft with splinting carti- 
lage grafts. 
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Figure 182.19 The ideal lateral crura are positioned so that they are pointing toward the lateral 
canthi (35 to 45 degrees off midline). Lateral crura that are oriented less than 30 degrees off of mid- 
line will tend to create a fullness in the transition point between the tip and supratip and in some 


patients may present with a parentheses deformity. 


the midline. The lengthening of the caudal septum allows 
suture fixation of the medial crura to the graft to stabilize 
the nasal base. End-to-end grafts are preferred because they 
are less likely to cause deviation or airway obstruction (4). 
Orientation of the caudal extension graft is an important 
detail in its placement. If the graft is trapezoidal and has its 
longer edge posteriorly, it will help to open an acute naso- 
labial angle. A longer anterior edge will counter rotate the 
tip. A rectangular graft is helpful in correcting a retracted 
columella. 


Nasal Tip Surgery 


Once a solid foundation has been created at the nasal base, 
the tip can be modified. Following is a brief overview of 
some common structural techniques for improving the aes- 
thetic contour and proportions of the nasal tip. The most 
important step of nasal tip surgery is the accurate assess- 
ment of the tip structures and their contribution to the 
tip shape. It is important to note the horizontal (dome to 
dome) and vertical (caudal margin to cephalic margin of 
the lateral crura) contributions to the tip bulbosity (1). 
The surgeon must also assess whether the lateral crura are 
oriented properly. The ideal lateral crura are positioned 
so that they are pointing toward the lateral canthi (35 to 
45 degrees off midline) (1). Lateral crura that are oriented 
less than 30 degrees off of midline will tend to create a full- 
ness in the transition point between the tip and supratip 
and in some patients may present with a parentheses defor- 
mity (Fig. 182.19). 


If the tip cartilages are too wide in the vertical plane 
with normally positioned crura, there will be supratip 
fullness on lateral view. This can be corrected with a con- 
servative cephalic trim of the lateral crura, leaving 8 to 
10 mm of the lateral crus (4) (Fig. 182.20). The cephalic 
trim should be performed medially because this is the area 
that contributes to a bulbous tip. Trimming laterally will 
have little effect on the tip and will only weaken the nasal 
sidewall, risking supra-alar pinching with scar contracture 
over time (4). 

Once the appropriate vertical dimensions of the 
nasal tip are achieved, the horizontal dimensions can be 
addressed. Dome-binding sutures are an excellent way 
to decrease horizontal width of the nasal tip in primary 


Figure 182.20 Medial-cephalic reduction of the alar cartilages, 
maintaining a generous residual complete strip. 
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rhinoplasty patients (Fig. 182.21). Using two separate 
dome sutures is usually preferred over a single trans- 
domal suture, to prevent pinching of the domes together 
(Fig. 182.22) (1,4). The sutures are placed in a horizon- 
tal mattress fashion with the knots medially between the 
domes. Caution must be exercised to prevent bringing the 
domes too close together, as this will cause flattening of 
the double break on lateral view, and an excessively nar- 
row tip with vertical orientation of the normal horizontal 


E 
Narrowing of the tip with dome-binding sutures (A,B,C) before and (D,E,F) after 


procedure. 
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orientation of the nasal tip highlight (4). This will there- 
fore give an unnatural appearance to the nasal tip. Dome 
sutures also have effects laterally on the lateral crura. The 
objective is to create flat lateral crura that will provide 
the desired contour between the tip lobule and the lat- 
eral alae. If the crura do not flatten properly but instead 
buckle or deform with placement of the suture, this can 
cause pinching at the junction between the tip lobule 
and the alar lobule. In this case, the lateral crus can be 


Alar rim grafts 


Figure 182.22 Separate dome-binding sutures are applied as 
shown with the knots tied between the domes. In many cases a 
separate interdomal suture is placed to bring the domes closer 
together. If necessary alar rim grafts can be placed to eliminate any 
pinching of the nasal tip. 


strengthened and straightened by suturing a lateral crural 
strut graft onto its undersurface (Fig. 182.23) (4). This 
prevents nasal obstruction and creates a smooth triangular 
shape to the nasal base. 

Lateral crural strut grafts can be used to accomplish 
several goals (8). They are useful in flattening lateral 
crura that are bulbous or intranasally blocking the inter- 
nal airway (Fig. 182.24). When the lateral crura are of 
an appropriate length but lack the stiffness for appro- 
priate lateral wall support, lateral crura strut grafts are a 
good option. Lateral crura strut grafts are usually created 
from stiffer cartilage from the septum or rib. Their length 
depends on the needs of the graft. Longer grafts are used 
when lateral wall collapse is a problem or when correct- 
ing alar retraction. These grafts are typically 20 to 30 mm 
in length, 3 to 4 mm wide, and 1 to 2 mm thick. Local 
anesthetic should be injected to hydrodissect the plane 
beneath the lateral crus. Several minutes after injection, a 
pocket can be dissected from the cephalic margin of the 
lateral crus between the cartilage and the vestibular skin. 
The graft is then placed in the pocket and affixed with 
several 5-0 PDS mattress sutures with the knots placed 
above the lateral crus. When reinforcing the lateral crura 
with lateral crural strut grafts, more of the lateral crura 
can be removed without compromising the support of 
the nose. 

Often there is a lack of support lateral to the tip in 
the alar margin. This disruption of the favorable trian- 
gular shape of the base creates shadows that make the 
tip appear to be separate from the alae (Fig. 182.25). 


Chapter 182: Nasal Tip Surgery 2973 


Figure 182.23 Lateral crural strut grafts (light blue) are placed 
between the undersurface of the lateral crura and the vestibular 
skin. The graft acts to flatten the bulbous lateral crura and also 
support the lateral wall of the nose. After positioning the lateral 
crural strut grafts bilateral dome-binding sutures are placed to set 
tip width. 


The cause of poor support in this area can be cephalic 
positioning of the lateral crura or prior tip modifica- 
tions. Alar rim grafts can be used to correct this pinched 
look (9). These are narrow cartilage grafts that are usu- 
ally 5 to 8 mm in length, 2 to 3 mm in width, and 1 to 
2 mm thick. They are placed in pockets along the caudal 
aspect of the marginal incision (Fig. 182.26). Alar rim 
grafts should be softer than other grafts because they are 
susceptible to becoming visible medially if they extend 
into the tip. After placing the grafts in the pockets, they 
are fixed with 6-0 Monocryl suture at the medial aspect. 
The area medial to the suture should be gently mor- 
selized with a Brown-Adson forceps to further minimize 
the likelihood of graft visibility. Grafts that are too stiff 
also tend to be visible and sometimes palpable. Alar 
rim grafts are also an effective way to correct external 
valve collapse. However, it is important to realize that 
alar rim grafts can cause alar flare and increase the size 
of the nostril. As a consequence there is an increased 
need for alar base reduction in patients with alar rim 
grafts (4). 

Patients who have malpositioning of the lateral crura 
require a completely different approach to changing the 
nasal tip contour. To address the “parentheses” appear- 
ance on frontal view from bulbous cephalically positioned 
crura, one can perform a cephalic trim and place dome 
sutures with or without lateral crural strut grafts. If the 
lateral crura are not sufficiently flattened, then the lateral 
crura can be repositioned caudally. To accomplish this 
cephalic trim is performed followed by dissection of the 
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Bulbous tip (A,B,C) before lateral crural strut grafts and (D,E,F) after procedure. 


lateral crura from the vestibular skin, suture lateral crural 
grafts to the undersurfaces of the lateral crura, and then 
reposition the lateral crura into caudally positioned pock- 
ets (1). This eliminates the supratip fullness and decreases 
fullness in the supra-alar region while increasing support 
along the alar margin. It also places supportive cartilage 
along the sidewall of the nose and prevents lateral wall 
collapse (1). 

To provide additional tip projection and definition, 
tip onlay grafts can be used. These are soft cartilage grafts 
trimmed into a rectangular or elliptical shape to simulate 
the ideal tip highlight and are sutured over the domes in 
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a horizontal orientation. It is important to gently crush 
the cartilage to prevent the graft from becoming visible 
postoperatively (4). 

In some patients with weak or diminutive lower lateral 
cartilages that will not achieve the desired tip projection 
with sutures and onlay grafts, shield grafts can be used (1). 
Shield grafts are primarily used in secondary rhinoplasty, 
augmentation rhinoplasty, or in primary rhinoplasty 
patients who have an underprojected tip with thick skin 
and a deficient tip lobule (1). A shield graft is attached to 
the medial crura in the infratip lobule (Fig. 182.27). The 
posterior edge should have a shallow bevel to allow 


Example of alar rim and supra-alar pinching as a 
result of weakening the nose. 


the contour of the graft to blend with the caudal edge of 
the medial crura. Because the purpose of the graft is to 
push into the tip skin to increase projection, no matter 
how much the anterior edge is beveled, a risk exists of the 
graft being visible after surgery. Because of this, the authors 
avoid using shield grafts in thin-skinned patients (10). 
Although thick-skinned patients are tolerant of shield 
grafts, medium-skinned patients should have some sort of 
camouflage of the leading edge. Perichondrium and fas- 
cia are excellent materials for softening the contours of a 
shield graft. Several layers can be used to prevent visibil- 
ity of the graft in the long term. A buttress or cap graft 
is another method for camouflaging a shield graft (5,10). 


Chapter 182: Nasal Tip Surgery 2975 


Shield graft affixed to the medial crura. 


This graft is a small rectangle of cartilage that is sutured to 
the cephalic edge of the shield graft and stabilizes it while 
providing a smoother transition between the shield and 
the domes. 

Sometimes the lateral crura are so misshapen or 
overresected that lateral crural grafts are appropriate 
for reconstruction (5,10). Lateral crural grafts are also a 
good way to camouflage a shield graft that projects more 
than 3 mm above the domes, whether or not the lateral 
crura need structural reinforcement. These grafts create 
a transitional structure that bridges a shield graft to the 
lateral crura and simultaneously provides lateral support 
to the tip (Fig. 182.28). Lateral crural grafts are sutured 
to the anterolateral margin of a shield graft with a 6-0 
Monocryl suture. A 6-0 Monocryl suture is placed later- 
ally to secure the lateral crural graft to the existing lateral 
crus. 

The importance of tip cartilage camouflage cannot 
be overemphasized. Although postoperative edema can 
be present for years after surgery, the surgeon should 
anticipate that eventually the edema will resolve and 
potentially reveal the underlying structure of the tip. 


) 


Proper insertion of alar rim grafts. 
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Figure 182.28 Lateral crural grafts conjoined with a shield graft. 


Perichondrium from an auricular or costal cartilage 
graft is an excellent material for covering tip grafts 
(Fig. 182.29). Patients should be warned that the use of 
perichondrium will result in prolonged postoperative 
edema in the tip. In thin-skinned patients, this is favor- 
able and should be described to patients as such. Once 
the postoperative edema resolves, the tip will have a soft, 
natural contour. 

Surgery of the nasal tip is a challenging endeavor and 
fraught with pitfalls. Mastery of surgical technique must 
be paired with a clear understanding of the three-dimen- 
sional topography of the natural-appearing nasal tip. The 
goal should be to preserve the horizontally oriented tip 
highlight that transitions from tip lobule to alar lobule. 
This result is best accomplished by stabilizing the base 
of the nose, conservatively suturing the tip, and apply- 
ing appropriate grafting techniques (1). These techniques 
will enable the surgeon to have more predictable long- 
term results and achieve a more natural postoperative 
outcome. 


Figure 182.29 Perichondrium covering nasal tip grafts to pre- 
vent postoperative graft visibility. 
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m The focus of nasal tip contouring should be more 
on creating favorable shadows and highlights and 
less on narrowing. 

m Removal of structurally supportive tissue weakens 
the nose. 

= Thick-skinned patients often need their tip struc- 
tures projected into the skin-soft tissue envelope. 

m Thin-skinned patients benefit from preservation of 
dome continuity and need extensive soft tissue cam- 
ouflage of any cartilage grafts to prevent them from 
becoming visible. 

a The tripod model provides the basis for understand- 
ing changes in rotation and projection. 

= Before making any meaningful changes to the tip, 
first stabilize the nasal base. 

m Vertical contributions to tip bulbosity can be 
addressed with a conservative cephalic trim of the 
lateral crura. 

= Horizontal contributions to tip bulbosity can be 
corrected with two separate dome-binding sutures. 

m Perichondrium and fascia are valuable materials for 
tip graft camouflage. 

m Patients must understand that their noses will 
change over many years as the forces of scar contrac- 
ture act on the supportive structures. 
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Management of the 
Crooked Nose 


Craig S. Murakami 


The treatment of a crooked nose remains one of the most 
challenging problems in rhinoplasty surgery. Inadequate 
treatment can cause a persistent cosmetic deformity as 
well as problems with nasal obstruction. There are many 
techniques currently available for correction of the crooked 
nasal deformity. Regardless of the method used, revision 
rates remain significantly high. Patients differ in their goals 
for surgery, and it is essential that the surgeon understand 
their needs. While some patients are focused on the aes- 
thetic outcome, others are more concerned with functional 
improvement. More commonly, patients have a combina- 
tion of cosmetic and functional concerns. 


The crooked nose can be due to congenital, traumatic, or 
iatrogenic etiologies. A congenitally crooked nose is often 
associated with overall facial asymmetry. Sometimes the 
asymmetry is associated with a known syndrome. However, 
most patients have mild asymmetry that is nonsyndromic. 
The patient should be informed about these facial asym- 
metries preoperatively and made aware of how this may 
or may not affect their outcome. Treatment of the congeni- 
tally crooked nose can be difficult since the surrounding 
deviation of the internal and external facial framework 
makes it difficult to find a common midline. 

Traumatic crooked noses can be the result of a low 
velocity force that causes a simple unilateral infracturing of 
the affected nasal wall or a higher velocity force that causes 
bilateral nasal wall deviations along with deviation of the 
septum. Severe nasal injuries may also be associated with 
deformities of the orbits or maxilla. 

Iatrogenic crooked nasal deformities caused by previ- 
ous surgery may be the result of poorly executed osteoto- 
mies, excessive resection of bone or cartilage, and/or poor 
wound healing. The nose can sometimes heal in unpre- 
dictable ways due to the effects of soft tissue contracture, 


Richard A. Zoumalan 


cartilage memory, severe bone and cartilage asymmetries, 
aging, glasses, gravity, and so on. 

A severely deviated nose almost always has a major 
septal deformity. Treating the deviated internal septum is 
usually necessary to facilitate correction of the deviated 
external nasal component (1-3). The nasal septum has a 
syndesmosis between the quadrangular cartilage and bones 
of the vomer and ethmoid that is unique in the human 
body. Cartilage growth occurs in the perichondrium of the 
anterior bony septum without eventual ossification (4). 
Disruption of this process in utero or during childhood can 
result in the loss of vertical growth. This disruption also has 
implications in pediatric nasal surgery, as violation of the 
posterior septum at this junction and the bony septum can 
have deleterious impact on the growth center of the septum. 


Making an accurate diagnosis is central to the management 
of the crooked nose, as there are many potential configu- 
rations of crooked noses. The surgeon must begin with a 
detailed history and physical examination, paying care- 
ful attention to all aspects of the nose. The history should 
include information regarding the patient’s medical con- 
ditions, previous nasal surgery, nasal trauma, nasal air- 
way, allergies, and drug and tobacco use. The mechanism 
of injury may be helpful to know, as it will help to sepa- 
rate the traumatic deviations from the congenital ones. If 
a patient had previous surgery, it is sometimes helpful to 
obtain previous operative report and radiographic studies. 

To begin the examination, the surgeon should first 
establish the midline of the face as defined by a vertical line 
through the menton, the upper incisors, the philtrum, and 
the glabella. Figure 183.1 shows how a vertical line drawn 
through from the glabella, through the philtrum, and 
through the menton can give the doctor a sense of whether 
the nose is crooked. It can also help identify asymmetries 
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Figure 183.1 A vertical line is drawn from the glabella, through 
the philtrum, and then through the menton. This line can help iden- 
tify asymmetries and deviations. One can see that the deviation 
of the nose lies in the middle and lower third of the nose. In this 
patient, the vertical lines allow the viewer to see asymmetry of the 
mandible and midface. His left side is stronger and has more vol- 
ume than his right side. 


of the face that were previously unrecognized. The nose 
is then divided into thirds, that is, the upper, middle, and 
lower thirds (see Fig. 183.2). For the most part, we can 
generally say that the upper third is composed of the nasal 
bones, the middle third is composed of the septum and 
upper lateral cartilages, and the lower third is the septal 
angle and lower lateral cartilages. Each third is individu- 
ally examined in relation to the midline or relative midline. 
The thirds are classified into right, left, or center of midline. 
Given the number of possibilities, there are theoretically 
26 permutations of crooked noses. The 27th possibility is a 
center—center—center nose, which is a straight nose. Half of 
these permutations are mirror images of each other. Figure 
183.3 demonstrates five of these permutations (5). 

The surgeon should palpate the nose carefully to feel 
the thickness of the skin and the position of the bones and 
cartilage and determine tip strength. Convexities, concavi- 
ties, and buckles in the cartilage can also be determined 
using palpation. Tip support is determined by manually 
compressing the tip. Additionally, the surgeon should 
feel the caudal septum and the septal angle to assess its 
strength and integrity, as well as the position of the septum 
in relation to the midline. 
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Figure 183.2 The nose can be divided into thirds. This is central 
to diagnosis and treatment of a crooked nose. The components of 
the thirds can be seen in this illustration. 


A thorough endonasal exam should be completed in 
a systematic manner to determine the position, health, 
and function of the nasal septum, turbinates, the internal 
and external nasal valves, and nasal mucosa. The patient 
should be observed while taking normal and accentu- 
ated breaths through the nasal airway. The examiner will 
often see external evidence of nasal valve collapse, and 


Figure 183.3 Artist-rendered images of five different permuta- 
tions of crooked noses. There are 26 possible configurations. 


the area of collapse should be noted. The nasal mucosa 
should be initially examined without decongestion. This 
helps assess whether there is an allergic or reactive com- 
ponent. Finally, the nasal mucosa must be decongested 
with either oxymetazoline or 0.25% Neo-Synephrine. The 
decongestion may reveal posterior and high dorsal sep- 
tal deflections that may have been previously hidden by 
inflamed mucosa. If there is history of previous surgery 
or trauma, the septum should be palpated with a cotton 
tip applicator or cerumen loop to determine if the sep- 
tal cartilage is missing or deficient. In a severely deviated 
nose, the full extent of the septum may not be able to be 
visualized without a fiberoptic device. The size of the tur- 
binates must also be analyzed, as many patients can ben- 
efit from concomitant turbinoplasty. If the patient has a 
history that suggests chronic sinusitis, a CT scan may be 
of benefit. 

A careful examination of the integrity of the internal and 
external nasal valve should be performed. When a patient 
inspires deeply, a weak internal valve can be seen exter- 
nally by a depression just above the nasal ala or along the 
piriform aperture. The external valve is composed of the 
lateral crura, the suspensory ligaments of the lateral crura, 
and the fibromuscular tissue of the ala. Manually retracting 
the cheek laterally (the Cottle maneuver) can help assess if 
there is an element of valve insufficiency. This can also be 
done using a curette to stent open the internal and external 
nasal valves to independently determine where the weak- 
ness lies. 

Radiographic assessment is necessary if a patient has 
signs and symptoms consistent with paranasal sinus dis- 
ease or has polyposis. They may be also helpful in patients 
who previously sustained major trauma that required open 
reduction and internal fixation of the craniofacial skeleton. 
This surgical hardware will need to be identified prior to 
surgery, as it may need to be removed before osteotomies 
can be performed. 

Standard rhinoplasty photographs must be taken for 
medical documentation and to assist with the evaluation 
and analysis of the patient. These views include the fron- 
tal, profile, three-quarter, and base views. The authors also 
like to take two additional photographs when patients 
have crooked noses. One is the bird’s-eye view, which gives 
the surgeon more information on the shape of the dorsal 
line (see Fig. 183.4). The use of overhead flash is prefer- 
able as it most closely duplicates overhead sunlight, which 
accentuates deviations. The other is the three-quarter base 
view where the entire dorsum and nasal walls are visible 
in relationship to the nasal base (see Fig. 183.5). Photos 
must be available and easily visible in the operating room 
during surgery. Due to local anesthetic injections and sur- 
gical edema, asymmetries can become masked or imper- 
ceptible. Therefore, the surgeon must periodically refer to 
these photos during the operation. Postoperative photos 
are usually taken at 6-month and 1-year intervals to track 
healing progression. 
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Figure 183.4 This is an example of a bird's-eye view. This allows 
one to see another perspective of the dorsal line. 


TREATMENT STRATEGY 


Surgical correction of the deviated nose can be conceptu- 
ally and strategically divided into the upper third, middle 
third, and lower third. The upper third is composed of 
the nasal bones and the frontal process of the mazxilla. 
The middle third is composed of the bony cartilaginous 
junction (called the keystone), the upper lateral cartilages, 
and the dorsal septum. The lower third is composed of the 
caudal septum and the lower lateral cartilages. 


Septum 


Septoplasty surgery in the crooked nose can be approached 
through a hemitransfixion incision. This incision allows 
easy access to both sides of the septum and facilitates easy 
repositioning of the caudal septum to the facial midline. To 
best mobilize the septum, separation of the posterior and 


Figure 183.5 This is an example of the three-quarter base view. 
This view gives a view of the dorsal deviation with relation to the tip. 
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inferior osseocartilaginous junction plus elevation of the 
mucoperiosteum of the maxillary crest is often required. 
Releasing the attachment of the upper lateral cartilages can 
also help mobilize a septum that is deviated. 

A dorsal and caudal “L’-shaped strut must be main- 
tained at least 10 mm in width. The dorsal strut must 
maintain stable fixation at the superior bony-cartilaginous 
junction (the key area of the dorsum) to prevent saddling 
of the middle nasal vault. The caudal septum should also 
have support from the nasal spine and maxillary crest. 
Deviated cartilage is either removed or recontoured by scor- 
ing the concave side of the deviation with a scalpel. These 
partial thickness cuts can weaken the septum in a manner 
that facilitates repositioning toward the midline. Spreader 
grafts can also help correct deviations of the dorsal septum 
(see section on correction of middle third). Caudal devia- 
tions can be corrected with vertical scoring on the concave 
side of the septum. Retrograde soft tissue dissection behind 
the medial crura must be done to create a central pocket 
in the membranous septum. With severe deviations of the 
caudal septum, the mucosa is scarred toward the side of 
the caudal deflection. If a pocket is not made for the newly 
straightened caudal septum, the contracted mucosa will 
push the septum back toward the side of the deviation and 
cause a relapse of the nasal obstruction. 

If the septal deviation is severe and the surgeon is 
unable to correct it through the endonasal or external 
approach without significantly compromising support to 
the dorsal or caudal strut, an extracorporeal septoplasty 
should be performed. In this procedure, the cartilaginous 
septum is removed, straightened, contoured, and then 
reimplanted (G). It is important to leave a small portion 
of the dorsal cartilage in the keystone area (area where the 
septum articulates with the nasal bones) to provide a point 
of suture fixation to prevent postoperative collapse of the 
dorsal septum. The use of a polydioxanone sheet to stabi- 
lize the cartilage grafts has been reported to facilitate the 
extracorporeal technique (7). 

If turbinate hypertrophy is present and causing obstruc- 
tion of nasal airflow, a submucous resection is performed. 


Upper Third 


Asymmetry of the upper third of the nose is caused by 
deviation of the upper bony nasal framework. The nasal 
bones articulate with the frontal bones superiorly and the 
ascending process of the maxilla laterally. They are thick- 
est at the nasion superiorly and taper to become thinner 
as they approach the caudal articulations with the upper 
lateral cartilages. Asymmetry of the upper bony nasal dor- 
sum is often associated with high deviations of the septum. 
While small deviations can be amenable to rasp reduction 
or small onlay grafts, osteotomies are typically needed to 
correct most deviations of the upper third (8). The three 
primary goals of osteotomies are to straighten a deviated 
nasal dorsum, narrow the nasal sidewalls, and close or 
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High-High 


Figure 183.6 This figure shows three different types of osteoto- 
mies that can be performed. The upper image is that of a low-low 
osteotomies, where the osteotomy is closer to the maxilla (low) 
throughout its route. The middle image is that of an osteotomy 
that starts low and ends high (closer to the dorsum). The bottom 
image is that of a high-low-high route, which is the most com- 
monly used type of osteotomy route. The midportion of the oste- 
otomy dips closer to the maxilla (low). 


open the nasal vault (9). It is important for the surgeon to 
know which of these goals are necessary in any given situ- 
ation. There are many ways to perform osteotomies. See 
Figure 183.6 for three different patterns of osteotomies. If 
the roof is open from trauma or dorsal reduction, medial 
osteotomies may not be necessary (9). Lateral osteoto- 
mies are usually performed in a high-low-high fashion. 
However, a high deviation may require a high-low-low 
configuration to center the upper third. If the nasal bones 
are mobilized, but the upper third remains crooked, this 
may be due to a persistently deviated bony dorsal septum 
that extends into the superior septum (10). Two approaches 
can be taken to center the deviated superior septum. The 
first option is to mobilize the superior aspect of the sep- 
tum with percutaneous medial osteotomies using a 2-mm 
chisel, taking care not to extend the fracture into the crib- 
riform plate. The medial osteotomy can also be done as a 
“cross-root” osteotomy. In this technique, the osteotome 
is used to cut across the bony septum and the upper nasal 
dorsum using an endonasal approach. A curved osteotome 
is placed medially on the convex side of the nose at the 
site of a typical medial osteotomy. The curved osteotome 
cuts across the nasal root to the contralateral side to mobi- 
lize the central portion of the upper third. With either 
the percutaneous transverse or the cross-root osteotomy, the 
entire upper third should be easily mobilized from side to 
side once the lateral osteotomies have been completed. 


Preserving the lateral nasal periosteum and the underlying 
mucosa as much as possible will avoid excessive medial or 
posterior displacement of the nasal walls after osteotomies 
are completed. This is accomplished by using small osteo- 
tomes and elevating a small tunnel of periosteum along the 
lateral osteotomy site prior to creation of the osteotomy. 

Another option for the crooked upper nasal third is to 
camouflage the deviation with bony reduction on the con- 
vex side and onlay cartilage grafting on the concave side. 
This reduction and contralateral augmentation of the upper 
nasal third will help center the upper third without aggres- 
sive osteotomies. This technique works well for minor devi- 
ations when the bone is relatively thick. 


Middle Third 


The middle third of the nose is composed primarily of the 
paired upper lateral cartilages and the dorsal nasal septum. 
Inferiorly, the upper lateral cartilages articulate with the 
lower lateral cartilages via the scroll. Superiorly, both 
the upper lateral cartilages and the septum articulate with 
the nasal bones. Standard septoplasty techniques emphasize 
correcting deviations along the inferior aspect of the sep- 
tum. Deviations along the dorsum may require separating 
the upper lateral cartilage from the dorsal septum, vertical 
scoring of the dorsal cartilage, and osteotomy techniques. 
However, this at times may not correct the deviation suf- 
ficiently, and other methods must be used. Two commonly 
used methods are the spreader graft and the onlay camou- 
flage graft (11). The spreader graft is a cartilage graft that is 
placed between the upper lateral cartilage and the septum. 
Figure 183.7 shows bilateral spreader grafts placed to help 
strengthen a deviated middle third. In order to place the 
graft, the upper lateral cartilage must be separated from 
the nasal septum. The mucosa is elevated from the dor- 
sal septum, and the spreader graft is placed between the 
upper lateral cartilage and septum, and it is sutured into 
position. Unilateral or bilateral spreader grafts can be used 
for this purpose. The two spreader grafts may be of unequal 
thickness to correct for deviations of the nasal dorsum. In 
Figure 183.7, bilateral spreader grafts were placed. Another 
option is to use the medial margin of the upper lateral 
cartilage as an auto-spreader graft if there is redundant 
cartilage after straightening the dorsum. A vertical cut is 
made through the redundant upper lateral cartilage 2 to 
3 mm from the medial margin (preserving the mucosa) 
and turned inward as an auto-spreader graft (12,13). Using 
the redundant upper lateral cartilage saves precious septal 
grafting material for other parts of the nose. For noses that 
require dorsal augmentation and widening of the middle 
nasal vault, an onlay spreader graft can be used (Figs. 183.8 
to 183.10). The onlay spreader is a trapezoid-shaped graft 
that is placed over the dorsal septum and between the 
upper lateral cartilages (14). The graft is 4 mm wide supe- 
riorly, 5 to 6 mm wide inferiorly, and approximately 2 cm 
in length and running the length of the dorsal septum. 
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1. Bilateral spreader grafts 
2. Upper lateral cartilage 
3. Septum 

4. Park suture 


Figure 183.7 This illustration demonstrates how bilateral spreader 
grafts are placed. Cartilage is placed from the edge of the nasal 
bone and along side the septum, on each side. At least one mattress 
suture is placed to maintain the position of the spreader grafts in 
open external rhinoplasty. In endonasal rhinoplasty, suture fixation 
may not be necessary if properly sized pockets for the grafts are 
created. 


It is important to avoid excising upper lateral cartilage until 
absolutely necessary. If the upper lateral cartilages are cut 
before the deviation is fixed, there may be a lack of upper 
lateral cartilage on the side of the deviation once the nose 
is shifted to the midline. 

Deviations of the middle third of the nose can also 
be due to dislocation of the upper lateral cartilages from 
the caudal margin of the nasal bones. The surgeon can 
sometimes reapproximate the cartilages back to their ana- 
tomic position and suture-fixate them to the periosteum; 
otherwise, camouflage grafts can be utilized. Deviations 
can also be caused by depressions due to a collapse of 
an osteotomized or traumatically fractured lateral nasal 
wall. These deviations can be corrected with onlay grafts 
placed over the lateral nasal wall or spreader grafts. The 
decision to use an onlay graft versus a spreader graft is 
based on the patient’s nasal airway, the size of the depres- 
sion, and the shape of the upper lateral cartilage. If the 
size of the depression is small and is not affecting the 
internal nasal valve, a small onlay graft of crushed or pre- 
cisely contoured septal cartilage suffices. If the depression 
is small and the nasal valves narrow, spreader grafts are 
preferred since they improve the airway as well as correct 
the depression. If the depression is large and the airway 
is narrow, a combination of both spreader grafts and 
onlay grafts over the upper lateral cartilage, dorsum, or 
the cephalic margin of the lower lateral cartilage may be 
necessary (Figs. 183.11 and 183.12). 
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Case One. This is a 25-year-old male with a posttraumatic nasal deformity. He has a 
history of a prior reduction of a nasal septal fracture. He complains of persistent nasal obstruction 
and nasal deformity obscured by thick skin. Preoperative (A-D,l) and postoperative (E-H,J) photos 
can be seen here. 
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Figure 183.8 (Continued) 


1. “Saddle” nose deformity 

2. Deviated cartilaginous septum 

off midline into floor of nose 

3. Nasal tip (lower laterals) shifted to right 


Figure 183.9 The patient in Case One has a saddle deformity 
that is a depression of the middle third. The septum is depressed 
into the left nasal cavity, which causes deviation of the middle third. 
The lower lateral cartilages are not in contact with the septum be- 
cause the tip is deviated to the right. Disarticulating the septum 
from the maxillary crest allows the surgeon to rotate the septum 
upward to increase dorsal height. This acts to reduce the saddle 
depression and also places the septum between the medial crura 
of the lower lateral cartilages. This all helps straighten the middle 
and lower thirds. 


1. Osteotomy outline 
2. Dorsal onlay graft 

3. Onlay spreader graft 
4. Columellar strut 

5. Donor/harvest site 


Figure 183.10 To create a nasal structure that maintains a 
straighter shape, the patient in Case One underwent open (external) 
septorhinoplasty. Autologous septal cartilage was used. The upper 
third was straightened with bilateral medial and bilateral lateral os- 
teotomies. To straighten the middle third, he underwent the septal 
procedure described in this figure along with onlay spreader and dor- 
sal onlay graft. The onlay spreader graft provides more dorsal aug- 
mentation to improve the saddle deformity. It also creates a higher 
support for the upper lateral cartilages and opens (increases) the in- 
ternal nasal valve angle for better long-term breathing. The dorsal 
onlay graft was used for augmentation to create a uniform dorsum. 
To straighten the lower third, in addition to the septal procedure, a 
columellar strut helps keep the tip straight and supports the tip. 
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Case Two. This is a 30-year-old female patient who had childhood nasal trauma. 
She had a prior septorhinoplasty. She presented with a deviated nasal tip, twisted dorsum, severe 
caudal septal deflection to the left, concave left upper lateral cartilage, convex right upper lateral 
cartilage, and a buckled left lower lateral cartilage. Preoperative (A-D) and postoperative (E-H) 
photos can be seen here. 
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For onlay grafts, the ideal material is carved septal carti- 
lage, followed by crushed septal or auricular cartilage, and 
then costal cartilage. Crushing must be kept to a minimum. 
The cartilage is crushed just enough to create a soft pliable 
layer that can be draped over the area of deficiency. It is best 
to place such grafts at the end of the case when the incisions 
are nearly closed so that the grafts do not get displaced. If 
necessary, the grafts can be sutured into position with either 
a fine monofilament absorbable or permanent suture. 


Lower Third 


Anatomically, the lower third of the nose consists of the 
paired lower lateral cartilages, the caudal nasal septum, and 
the nasal spine. Careful inspection and palpation can help 
the surgeon mentally “deglove” the nose to visualize a three- 
dimensional virtual image of the structures below. Palpation 
of the septum in relation to the maxillary spine can help 
determine whether the septum is dislocated from the mid- 
line. Deviations of the lower third are often due to deflec- 
tions of the caudal septum or deviation of the lower lateral 
cartilage. However, at times, the lower lateral cartilages are 
asymmetrically malformed causing deviation of the nasal tip. 
Asymmetry of the lower lateral cartilage can be due to con- 
genital variation, aggressive iatrogenic resection, or traumatic 
alterations. The two lower lateral cartilages may have signifi- 
cant differences in shape and size. Correction of the lower 
lateral cartilages to achieve symmetry can be performed with 
a number of methods. Many surgeons prefer the external 
approach for severe lower third asymmetries since the asym- 
metries are easier to visualize in vitro. Endonasal approaches 
can equally address the issue found in the crooked nasal 
deformity. Ultimately, the choice of approach depends on 
each surgeon’s comfort and experience. The surgeon must 
decide whether a surgical attempt at repositioning or modi- 
fying the lower lateral cartilages back to a symmetric tripod is 
possible, or if it is better to use camouflage augmentation or 
reduction techniques to create tip symmetry. 

Lower lateral cartilages that are severely distorted and 
asymmetric should be mobilized by releasing scar tissue 
and the vestibular mucosa. Some grafts such as the columel- 
lar strut and alar batten grafts (or lateral crural strut grafts) 
provide structural support. Once the structural integrity 
is returned, onlay grafts of crushed or carved cartilage can 
be used to improve symmetry. Suture shaping techniques, 
whereby a surgeon shapes the cartilages using mattress 
sutures, is a safe and effective way to shape the lower lat- 
eral cartilages without the risk of irrevocably damaging the 
cartilages if the attempt fails (15). For this reason, suture 
techniques have become very common. When the nasal 
tip is severely deviated, one often finds marked asymmetry 
between the two lower lateral cartilages, especially when 
the asymmetry is congenital or long-standing. The lon- 
ger medial or lateral crura may require shortening or the 
shorter sides lengthening. The surgeon must balance these 
decisions based on the status of tip projection and rotation 
(Fig. 183.12). Dividing the longer crura and suturing the 
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4 A- New donor graft 
| harvest site 
f B- Previously 
removed 


~ 6 


4. Onlay graft 
5. Shield graft 
6. Columellar strut 


1. Alar batten graft (orange) 
2. Collapsed septum elevated 
3. Bilateral spreader grafts 


Figure 183.12 The patient in Case Two underwent revision open 
(external) rhinoplasty. Autologous septal cartilage was used, along 
with ear conchal cartilage graft. The upper third was straightened 
using bilateral medial and bilateral low-hightow osteotomies. To 
straighten her middle third, bilateral spreader grafts were placed, 
along with a left dorsal onlay graft to account for the concavity of 
the upper lateral cartilage. Her collapsed septum was also elevated 
as in Case One (black curved arrows), but to a lesser degree. To 
straighten her lower third, a combination of suture techniques were 
used along with a left alar batten graft and columellar strut. Finally, 
a shield graft was placed for increased tip projection and definition. 


overlapping segments at a length symmetrical with the con- 
tralateral lower lateral cartilage will shorten and stabilize the 
longer crura. The authors prefer 6-0 polypropylene suture 
for this purpose since they are permanent and nonreactive. 


FINISHING TOUCHES 


After the nose is straightened, the surgeon should view 
the patient from the head of the bed to ensure the nose 
is at midline. This view helps pick out minor asymmetries 
along the entire length of the nose. Final camouflage grafts 
may be necessary using thin pieces of crushed or lightly 
scored cartilage. Septal splinting may be helpful in main- 
taining a straight septum and preventing blood or serum 
collections, which can result in areas with increased thick- 
ness. An external thermoplastic splint is applied to main- 
tain the nose at midline. It cannot be used to straighten a 
nose that is crooked at the end of the operation. The tape 
and splint stay on for 6 to 7 days. Postoperative massage 
may be helpful. Patients are instructed to apply gentle pres- 
sure to the lateral nasal walls using the sides of the index 
finger while the palms of the hand are facing outward. This 
is done three to four times a day while facing a mirror dur- 
ing the second postoperative week. Patients are then seen 
by the surgeon at 1, 6, and 12 months during their postop- 
erative recovery. 
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m Successful management of the crooked nose requires 
a systemic approach that begins with a clear under- 
standing of the patient’s desires and symptoms. 

m Any maneuver that improves a nose aesthetically may 
have implications in the functionality of the airway. 

= Careful thought should be given to which maneu- 
vers can correct the deformity without destabilizing 
the nose. 

m There are two basic approaches toward dealing with 
a deviation: camouflage strategy and deconstruc- 
tive/reconstructive. Camouflage is best for smaller 
asymmetries or depressions, and deconstructive/ 
reconstructive strategy is best for more severe devia- 
tions. Either one or a combination of the two can be 
used to deal with a deviation. 

= Conceptually dividing the nose into anatomic thirds 
simplifies and organizes a planned approach for 
each third with a strategy to correct it individually. 

m After careful consideration to what is causing the 
deviation of the specific third, the forces that cause the 
deformity must be released. In posttraumatic or post- 
surgical cases, releasing scar tissue and the vestibular 
mucosa may be necessary to improve the asymmetry. 

m After release and repositioning of the structures, the 
structures must be resutured in a way to construct a 
straight and stable framework. 
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Revision Rhinoplasty 


Cosmetic nasal surgery remains one of the most effective 
and long-lasting procedures in the cosmetic surgery arse- 
nal. A successful rhinoplasty not only creates a more attrac- 
tive nose, it diverts attention to the eyes, making for a more 
harmonious and thus a far more beautiful face. Yet, while 
cosmetic rhinoplasty ranks among the most commonly 
performed cosmetic operations, few if any surgeons ever 
fully master its numerous subtleties and peculiar nuances. 
Without question, the delicate and complex three-dimen- 
sional nature of nasal anatomy, the precise and unforgiving 
tolerances of the nasal airway, and the lofty expectations 
of the typical rhinoplasty consumer make cosmetic rhi- 
noplasty an extremely challenging surgical procedure. 
Moreover, the profound psychological importance of the 
face makes rhinoplasty a tremendously high-stakes emo- 
tional endeavor in which even dramatic cosmetic improve- 
ments may sometimes fail to meet patient expectations. 
Nevertheless, despite the inherent technical challenges and 
emotional risks, the lure of a more attractive face is a pow- 
erful motivating force that is likely to ensure the popularity 
of cosmetic nasal surgery indefinitely. 

Unfortunately, the growing popularity of cosmetic 
nasal surgery has also created a corresponding increase in 
the number of substandard rhinoplasty outcomes. While 
a failed rhinoplasty may occasionally result entirely from 
adverse tissue responses to a well-executed surgical proce- 
dure, failed surgeries are far more often the result of tech- 
nical errors such as faulty cosmetic analysis, poor artistic 
judgment, overzealous tissue removal, and/or gross surgi- 
cal ineptitude. And while primary (first-time) rhinoplasty is 
widely regarded as among the most challenging of all elec- 
tive cosmetic procedures, treatment of a failed rhinoplasty, 
commonly known as revision (or secondary) rhinoplasty, is 
typically an order of magnitude more difficult. Unlike pri- 
mary rhinoplasty in which the misshapen nose is devoid 
of surgical scarring, every revision rhinoplasty patient pres- 
ents with previously operated tissues that have sustained 
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varying degrees of skeletal disruption, subcutaneous fibrosis, 
circulatory impairment, and/or soft tissue contracture. 
Moreover, while the primary rhinoplasty patient is typically 
upbeat and excited about the prospect of a more attractive 
nose, the revision rhinoplasty patient is frequently bur- 
dened by apprehension, anxiety, and skepticism. Hence 
both the technical and psychological challenges of revision 
rhinoplasty are often formidable. 

Without question, complex revision rhinoplasty ranks 
among the most technically demanding of all cosmetic 
surgeries and is best reserved for the revision rhinoplasty 
specialist. Indeed, even for the most gifted cosmetic sur- 
geon, a near-singular devotion to nasal surgery is often 
necessary to develop proficiency in this extremely chal- 
lenging surgical niche. And while the technical demands of 
revision rhinoplasty are considerable, exceptional techni- 
cal skills alone are not sufficient for a successful practice. 
The truly effective revision surgeon must also possess a 
discerning, yet compassionate listening ear and a willing- 
ness to confront the myriad emotional issues that typically 
accompany a failed rhinoplasty. Often the patient’s emo- 
tional trauma is considerable and may even lead to depres- 
sion, social isolation, and impaired functioning. And since 
the emotional consequences of a failed rhinoplasty are 
often so profound, the importance of revision rhinoplasty 
cannot be overstated. Without question, complex revision 
rhinoplasty is an emotionally charged and technically 
demanding procedure that requires expertise, sensitivity, 
and exceptional technical skill. 

Fortunately, contemporary techniques in revision rhi- 
noplasty are now more effective than ever before. And 
while perfect restoration of the devastated nose is seldom 
possible, a carefully conceived and well-executed surgi- 
cal treatment plan is often rewarded with considerable 
cosmetic and functional improvement. However, devis- 
ing an effective surgical treatment plan is itself a complex 
and difficult undertaking. The surgeon must first correctly 
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assess the cosmetic deformity and the corresponding tissue 
characteristics, and then formulate a surgical game plan 
that will reliably achieve the desired cosmetic goal, all 
while limiting risk, cost, and treatment time. Once the 
game plan is formulated, the surgeon must also justify 
the treatment rationale and disclose potential surgical 
risks to an often apprehensive and nervous patient. Care 
must be taken not to trivialize the surgical risks and gen- 
erate a false sense of security; yet at the same time, equal 
care must be taken to avoid overemphasizing the surgi- 
cal risks and needlessly alarming the already worried 
patient. Fortunately, for the majority of patients a single 
operation in competent hands results in a satisfactory, 
albeit slightly imperfect restoration of nasal function and 
beauty. For those seeking maximum improvement, staged 
reconstruction often yields superior overall results when 
tissues permit, but few patients have the inclination, time, 
or financial resources to undertake sequential revision 
surgery. 

For the surgeon, successful restoration of the devastated 
nose is more than a technical triumph; it is an immensely 
rewarding endeavor in which the emotional benefits to 
the patient can be truly life changing. Indeed, few other 
elective cosmetic procedures can impact a patient so pro- 
foundly, and the heartfelt appreciation of these individuals 
is extremely gratifying. 


POSTSURGICAL DEFORMITIES 
OF THE NOSE 


The severity of postsurgical nasal deformities varies 
widely, ranging from minor to irreversible. Patients pre- 
senting with gross overresection of the skeletal frame- 
work often constitute the greatest technical challenge, 
especially when coupled with fibrotic nasal skin, natu- 
rally weak nasal cartilage, and/or functional airway dis- 
turbances. And technical challenges are most severe when 
major anatomic deficiencies are coupled with genetically 
unfavorable wound-healing characteristics. Although 
some patients may present with only mild cosmetic 
or functional impairment, the complex revision rhino- 
plasty patient presents with moderate to severe cosmetic 
deformity, often complicated by concurrent nasal airway 
dysfunction. Sadly, a growing number of patients are pre- 
senting with profound cosmetic deformities following 
multiple misguided attempts at revision surgery. In many 
instances, tissue limitations, such as the cumulative effects 
of fibrosis, contracture, and vascular impairment, prevent 
successful surgical restoration of the nose, even in expert 
hands (Fig. 184.1). Although young healthy individuals 
can sometimes tolerate repeated nasal surgeries and still 
retain effective healing responses, revision rhinoplasty 
becomes progressively more difficult with each succes- 
sive surgery, and all noses will eventually reach a point of 
surgical intolerance at some time. Determining whether 
or not a given nose can safely tolerate further surgery is 
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Figure 184.1 Severe nasal deformity presenting after multiple 
unsuccessful attempts at revision rhinoplasty. 


a difficult and imprecise undertaking, and each patient 
must be approached cautiously in the context of potential 
surgical intolerance. 

In deciding whether or not to pursue further surgery, a 
thorough physical examination of the nose is paramount. 
Direct physical examination is the only available means of 
assessing the anatomic, structural, and physiologic sever- 
ity of a failed rhinoplasty, and without this critical assess- 
ment, the likelihood of a successful revision surgery is 
greatly diminished. Adverse physical findings such as a 
severely collapsed nasal framework, scarred and inelastic 
nasal skin, signs of borderline tissue perfusion, or dense 
cicatricial stenoses of the vestibular skin are the hallmarks 
of pending surgical intolerance, and these findings should 
prompt a sober reassessment of the need for further sur- 
gical treatment. In the worst-case scenario, numerous 
adverse physical findings combine to yield a strongly unfa- 
vorable risk-to-benefit ratio and a relative contraindication 
to further cosmetic surgery. On the other hand, debilitat- 
ing functional impairment such as severe obstructive sleep 
apnea resulting from profound nasal airway obstruction 
may justify further intervention despite the increased sur- 
gical risk. Ironically, some seemingly intolerant noses will 
respond surprisingly well to a properly executed revision 
rhinoplasty, while some seemingly healthy noses will 
occasionally suffer significant wound-healing complica- 
tions. Hence, the decision to reoperate is a dilemma for 
which there is no easy answer, and since no patient is ever 
fully immune from unforeseen complications, the prudent 
surgeon must balance the potential surgical risks against 
the emotional and physical burden of an untreated nasal 
deformity. 

Although there are an infinite number of postsurgical 
nasal deformities that may arise following primary cos- 
metic rhinoplasty, cosmetic deformities can be loosely 
categorized as those of skeletal tissue excess and those of 
skeletal tissue deficiency. Postsurgical contour deformi- 
ties of skeletal tissue excess are most often the result of 
incomplete or neglected treatment of congenital skeletal 


overgrowth such as a persistent dorsal hump or a persis- 
tent hanging columella. In straightforward cases of skeletal 
tissue excess, the prognosis is often highly favorable since 
revision surgery simply entails completing the primary 
thinoplasty—the so-called completion rhinoplasty (see 
Case One). 

Another common cause of skeletal tissue excess is the 
overzealous use of augmentation graft materials—the 
so-called overgrafted nose. Typically, surgical revision of 
the overgrafted nose is a difficult undertaking that requires 
reconfiguration of the nasal framework by removing, 
replacing, and/or modifying the existing structural ele- 
ments to achieve an attractive, harmonious, and structur- 
ally sound skeletal framework. Treatment is particularly 
difficult when the existing nasal framework is twisted or 
asymmetric since extensive surgical “deconstruction” — 
and thus destabilization of the skeletal framework—is 
required. In contrast, revision of the overgrafted nose is 
comparatively straightforward when only superficial sur- 
face changes are required and extensive skeletal destabili- 
zation can be avoided. 

Unlike postrhinoplasty deformities of skeletal tissue 
excess that are often the result of incomplete surgical treat- 
ment, postsurgical deformities of skeletal deficiency are 
commonly the result of aggressive overtreatment. In the 
so-called “overresected nose,” excessive lowering of the 
nasal bridge and/or overzealous excision of the nasal tip 
cartilage results in a profound and often progressive col- 
lapse of the nasal framework. The cosmetic impact of surgi- 
cal overresection is an unattractive and stigmatic look that 
is derived from an amalgamation of various characteristic 
nasal deformities (Fig. 184.2A-C). Surgical overresection 
of the alar cartilages, particularly the lateral crura, fre- 
quently leads to pinching of the nasal tip, alar retraction, 
bossae, and/or supra-alar pinching, while overresection of 
the anterior septum may lead to overrotation or excessive 
deprojection of the tip unit (1-3). Moreover, overresection 
of the anterior septum will typically weaken skeletal tip 
support and exacerbate the adverse effects of alar cartilage 
overresection (1,4). Finally, overresection of the nasal dor- 
sum leads to a scooped dorsal profile, often accompanied 
by middle vault pinching, a widened and washed-out bony 
dorsum, and abnormal shadowing of the bony-cartilagi- 
nous junction—the so-called inverted-V deformity (3,5) 
(Fig. 184.3). In addition to a conspicuous and unsightly 
nasal appearance, the overresected nose is also emblematic 
of bad rhinoplasty surgery—a highly undesirable stigma 
that adds to the patient’s emotional distress. Unfortunately 
the morbidity of surgical overresection is not limited to 
cosmetic sequelae as most overresected noses are also bur- 
dened by collapse of the internal and/or external nasal 
valves leading to symptomatic nasal airway obstruction 
(1-3). Overresection of the nasal framework is a devastat- 
ing complication of cosmetic rhinoplasty that usually leads 
to severe nasal deformity and that likely represents the 
most common motivation for revision rhinoplasty. 
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In order to restore the overresected nose to create a 
sturdy, attractive, and fully functional appendage, revi- 
sion rhinoplasty requires re-expansion of the undersized 
and collapsed skeletal framework—frequently against a 
scarred and inelastic soft tissue envelope. Unlike natu- 
rally elastic nasal skin that can stretch to accommodate 
full skeletal re-expansion, fibrotic and noncompliant skin 
may fail to permit cosmetically and functionally ideal 
enlargement of the nasal framework. Moreover, success- 
ful skeletal re-expansion requires a newly constructed 
framework of sufficient rigidity to distend the scarred 
and noncompliant nasal skin without invoking skeletal 
distortion, all while simultaneously avoiding cutane- 
ous vascular insufficiency produced by excessive closing 
tension and subsequent disruption of nutrient blood 
flow. In patients with medical comorbidities such as 
cigarette smoking, diabetes, inflammatory disease, prior 
cocaine abuse, or any other form of preexisting vascular 
impairment, the risk of vascular insufficiency is greatly 
increased, and excessive skin tension must be carefully 
avoided even if the newly expanded framework must be 
reduced in size. Accordingly, a thorough history and phys- 
ical examination is particularly important in this patient 
population to screen for risk factors or preexisting mani- 
festations of impaired tissue perfusion. Although frank 
skin necrosis is exceedingly rare in revision rhinoplasty, 
vascular insufficiency may still result in wound dehis- 
cence, incomplete revascularization of autografts, and/ 
or frank wound infection—any of which may potentially 
jeopardize the surgical outcome and produce disastrous 
surgical consequences. Consequently, in the overly short 
and underprojected nose with stubbornly noncompli- 
ant nasal skin, avoidance of vascular compromise often 
precludes full skeletal re-expansion and this limitation is 
best identified and discussed prior to surgery. Moreover, 
even in the absence of skeletal re-expansion, tissue per- 
fusion is disrupted to some degree in every rhinoplasty, 
and proactive measures to optimize tissue perfusion are 
essential. Meticulous soft tissue technique, judicious use 
of electrocautery, appropriate use of surgical dissection 
planes, avoidance of overly constrictive compression 
dressings, careful monitoring of capillary refill, and post- 
operative supportive measures all serve to collectively 
optimize soft tissue perfusion and reduce the risk of isch- 
emic injury. Without question, the combined skeletal 
and soft tissues derangements associated with the over- 
resected nose make it one of the most technically chal- 
lenging and complication-prone of all postsurgical nasal 
deformities. 

In reality, most severe surgical deformities are a com- 
bination of overresected skeletal tissues and untreated 
deformities of the original nose. Coexisting nasal airway 
dysfunction is common, and twisting and/or asymmetry 
of the damaged framework is also frequently present, both 
of which make revision rhinoplasty considerably more 
complicated. And while a severely disfigured nose presents 
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Typical cosmetic and functional stig- 
mata of the overresected nose. A: Lobular pinching 
and alar retraction on frontal view, (B) severe alar 
retraction and poor tip projection on profile view, 
and (C) lobular pinching and nasal valve collapse on 
basal view. 


Figure 184.3 Frontal view of the “inverted-V" nasal deformity. 
Note disruption of the brow-tip aesthetic lines and the distinctive 
inverted-V shaped shadow traversing the nasal dorsum. 


a formidable and sometimes insurmountable technical 
challenge, the presence of coexisting psychosocial issues 
can also greatly complicate the management of any rhino- 
plasty patient. 


PATIENT EVALUATION AND TREATMENT 
PLANNING 


Chapter 184: Revision Rhinoplasty 2993 


operation, recognizing and planning for tissue inadequacies 
is frequently what differentiates a favorable outcome from 
a disappointing one. 

For the revision rhinoplasty patient, the initial nasal 
assessment begins with a thorough rhinoplasty history 
detailing the number of prior surgeries, the recovery inter- 
val between surgeries, the specific intervention for each 
surgery, and the subsequent tissue responses. This informa- 
tion serves to characterize the type and degree of prior tis- 
sue alteration and the overall wound-healing tendencies. 
When combined with the results of a thorough nasal exam- 
ination, the rhinoplasty history will reveal the approxi- 
mate anatomic and physiologic health of the nose and its 
likely tolerance for additional surgery. From this baseline 
perspective, the surgeon must then analyze the cosmetic 
deformity, pinpoint the desired cosmetic and functional 
end point, and devise an effective surgical game plan that 
accounts for the existing anatomic and cosmetic inadequa- 
cies. A careful assessment of the existing structural support, 
airway patency, nasal contour, and tissue quality will enable 
the surgeon to customize the surgical game plan in order 
to compensate for anticipated tissue deficiencies and/or 
adverse wound-healing responses. From the psychological 
standpoint, perhaps the biggest challenge in revision rhi- 
noplasty is establishing realistic cosmetic expectations that 
coincide with the anticipated surgical complexity and the 
associated risks and limitations therein. A careful assess- 
ment of the patient’s personality, underlying motives, and 
cosmetic objectives is also essential to reduce the likeli- 
hood of disappointment and/or confrontation stemming 
from unmet surgical expectations. Clearly, complex revi- 
sion rhinoplasty is an intricate and complicated puzzle 
that can only be solved with a detailed and thorough pre- 
operative evaluation. 


PSYCHOLOGICAL ASPECTS OF REVISION 
RHINOPLASTY 


Regardless of whether the surgical challenge is big or 
small, the ultimate objective of revision rhinoplasty is 
always the same—to create an attractive, sturdy, and fully 
functional nose that flatters the face and integrates natu- 
rally with the surrounding facial features. However, this 
task is not always easy or even medically feasible, and 
deciding when and how to operate is the first critical step 
in a successful revision rhinoplasty. Ironically, it is often 
the failure to properly evaluate the nose that leads to revi- 
sion rhinoplasty in the first place, and the importance of 
the preoperative nasal history, physical examination, and 
cosmetic analysis cannot be overemphasized. Although 
the novice surgeon often focuses primarily upon the oper- 
ative procedure, the accomplished surgeon will spend as 
much or more time on the evaluation, analysis, and treat- 
ment planning as on the operation itself. And because 
the end result of revision rhinoplasty depends as much 
upon tissue quality and healing responses as the actual 


From the moment of introduction, an evaluation of the 
patient’s emotional health and well-being should com- 
mence. To begin the consultation, the surgeon should 
review the patient’s social history, including the patient’s 
education, employment, marital status, living situation, 
and psychiatric history. This information will help to 
delineate the patient’s level of functioning and to define 
his or her emotional support network. As the consulta- 
tion proceeds, the surgeon should also carefully explore 
the patient's justification for seeking revision rhinoplasty 
and the patient’s concept of a satisfactory outcome. In 
most instances, healthy patient motives and realistic treat- 
ment expectations become increasingly evident as doc- 
tor/patient relationship develops. However, for patients 
with discrete emotional pathology, inappropriate motives 
and/or grandiose surgical expectations are often the first 
signs of underlying emotional illness. Unfortunately, 
many serious emotional disorders are not always readily 
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apparent, and emotionally disturbed patients are often 
adept at concealing their symptoms. Although the majority 
of secondary rhinoplasty patients are not suffering from 
discrete emotional illness, emotional overtones are com- 
mon in both emotionally unbalanced and emotionally 
healthy revision patients, making it difficult to properly 
differentiate between these fundamentally different yet 
outwardly similar patient groups. And because discrete 
emotional disorders are often more difficult to identify in 
the revision rhinoplasty patient, the consulting surgeon 
should maintain a high index of suspicion in any patient 
who exhibits subtle signs or symptoms suggestive of emo- 
tional pathology. Although detecting emotional illness 
is sometimes challenging, the importance of early iden- 
tification is paramount since surgical treatment is often 
contraindicated in patients with discrete psychological 
disorders; and failure to properly screen for emotional 
pathology may lead to potentially catastrophic treatment 
complications. 

As stated above, psychological evaluation of the revi- 
sion rhinoplasty patient is made more challenging by the 
normal, yet sometimes alarming emotional overtones 
that typically accompany a failed rhinoplasty. While these 
emotional overtones manifest differently among revi- 
sion rhinoplasty patients according to a variety of fac- 
tors, the typical primary rhinoplasty patient is generally 
far less complicated from an emotional standpoint. For 
surgeons unfamiliar with the emotional by-products of a 
failed rhinoplasty, behavior of the typical (well-adjusted) 
revision rhinoplasty patient may occasionally seem both 
inappropriate and disconcerting, particularly when com- 
pared to the happy-go-lucky primary rhinoplasty patient. 
Consequently, understanding and appreciating the unique 
emotional context of the revision rhinoplasty patient is 
fundamental to appropriate patient selection and success- 
ful patient management. 

For the typical first-time (primary) rhinoplasty patient, 
the prospect of an attractive and unobtrusive nose is a long- 
sought personal goal that is the motivating force behind 
surgical treatment. Characteristically, the first-time rhino- 
plasty patient is upbeat and excited about surgery, since 
it promises to beautify a nose that was often a source of 
insecurity, embarrassment, or social ridicule. Any fears or 
apprehensions generated by the anticipated discomfort or 
potential risks of surgery are often quickly dispelled by the 
prospect of an attractive new facial appearance. In fact, 
the typical primary rhinoplasty patient often approaches the 
surgery with carefree optimism, focused primarily upon 
the promise of a favorable cosmetic outcome. 

In contrast, for the typical revision rhinoplasty patient, 
the bitter disappointment of a failed rhinoplasty gives rise 
to a far more pessimistic outlook dominated by apprehen- 
sion, worry, and skepticism. For most revision patients, 
the emotional nightmare that prompted secondary rhino- 
plasty is not easily forgotten, and further treatment is seen 
through a much more ominous perspective. Frequently 
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the prospective revision rhinoplasty patient is skeptical, 
indecisive, and hesitant to risk further facial deformity 
despite a favorable prognosis for a successful restoration. 
As a consequence, many patients awaiting revision sur- 
gery repeatedly second-guess their treatment decision and 
become increasingly more anxious as surgery approaches. 

The apprehension and lack of confidence typical of the 
revision rhinoplasty patient is easy to understand. Rather 
than the attractive and natural-appearing nose that was 
anticipated, the revision rhinoplasty patient has been 
forced to contend with unexpected facial disfigurement 
and the array of unpleasant human emotions that naturally 
accompany an adverse life event. The realization that their 
surgeon may have been inexperienced and poorly trained, 
or even incompetent and deceitful, is often very difficult 
to accept, particularly if surgery was preceded by repeated 
assurances that a favorable outcome was a virtual certainty. 
Accordingly, confusion, bewilderment, embarrassment, 
resentment, anger, and mistrust often characterize the ini- 
tial response to a failed cosmetic rhinoplasty. And for the 
emotionally frail and insecure individual who lacks strong 
coping skills, the psychological impact of a failed rhino- 
plasty is typically far more severe and disabling. Moreover, 
for patients with frank psychological disorders, a failed rhi- 
noplasty may provoke considerable anger and resentment 
resulting in a wide range of maladaptive and aberrant 
behaviors. Hence the prospect of further surgery in the pre- 
viously operated patient is a much different undertaking 
that must be approached in a far different manner. 

Fortunately, most revision rhinoplasty patients are 
well-adjusted individuals who are reacting in a justifiable 
manner to an unanticipated facial deformity. And although 
even well-adjusted individuals must reconcile the nega- 
tive human emotions that inevitably attend a failed rhino- 
plasty, once beyond the initial shock and disappointment 
of an adverse outcome, the well-balanced individual 
quickly rebounds and seeks appropriate restorative treat- 
ment. Eventually, anger and disappointment are channeled 
in a healthy and productive manner—ultimately leading to 
a rational plan of action and resolution of the problem. 

In contrast, for those with poor coping skills, a failed 
rhinoplasty can become an emotionally devastating event 
heralded by withdrawal, self-pity, and depression. Extreme 
insecurity and social isolation are not uncommon in this 
patient population, and in severe cases may even lead to 
loss of employment, disruption of schooling, and/or failed 
interpersonal relationships. Despite their yearning for an 
attractive nose, the emotionally insecure patient often 
becomes paralyzed with apprehension and may wait years 
before finally deciding to undertake revision surgery. For 
others, the longing for a normal-looking nose is super- 
seded by the fear of yet another failed outcome, and despite 
a favorable surgical prognosis, surgery is never undertaken. 

Finally, a small number of revision rhinoplasty patients 
also suffer from underlying psychological illness. In addi- 
tion to the already substantial technical challenges typical 


of complex revision rhinoplasty, management is further 
complicated by active resistance to patient counseling, a 
lack of rational decision making, and disregard for surgical 
restrictions and care requirements. In some instances, psy- 
chological disturbances may even render the patient inca- 
pable of assessing their postrhinoplasty outcome with any 
degree of objectivity. Regardless of whether or not these 
patients have legitimate cosmetic abnormalities, their 
inability to acknowledge previously damaged nasal tissues, 
subsequent treatment limitations, inherent surgical risks, 
and/or actual surgical improvements makes them exceed- 
ingly poor surgical candidates irrespective of their surgi- 
cal prognosis. Failure to identify such individuals and to 
defer surgical treatment can lead to anger, confrontation, 
hostility, and potentially even violence against the surgeon 
or the surgical staff; and such problems underscore the 
importance of careful patient screening during the initial 
evaluation. 

Although most revision rhinoplasty patients are well- 
adjusted individuals, for even the most self-assured and 
emotionally secure individual, the initial impact of a failed 
surgery is substantial and can be exacerbated by absent 
family support, severe disfigurement, insufficient financial 
resources, or limited access to appropriate medical care. 
Instead of enjoying the physical and emotional benefits of 
an attractive new nose, the failed rhinoplasty patient must 
contend with the prolonged public stigma of a “botched 
nose job,” and the prospect of a second more difficult, 
and frequently more expensive, revision surgery. Even 
individuals with robust coping mechanisms and a strong 
emotional support network will suffer some measure of 
angst in this scenario, and the revision rhinoplasty surgeon 
must make allowances for these difficult circumstances (6). 
At the very least, the revision rhinoplasty surgeon should 
regard all prospective revision patients, including those 
with healthy coping skills, as emotionally traumatized, 
potentially labile, and justifiably distraught individuals. 
Without question, the addition of powerful and unpredict- 
able emotions superimposed upon a formidable technical 
challenge make revision rhinoplasty patients exceptionally 
difficult to treat (6,7). 

Perhaps one of the most difficult aspects of revi- 
sion rhinoplasty is establishing a bond of trust with the 
apprehensive and cautious secondary rhinoplasty patient. 
Having previously placed their trust in a medical profes- 
sional they assumed would beautify their nose, the typi- 
cal revision rhinoplasty patient often finds it difficult to 
trust another surgeon, much less to then embark upon a 
more difficult and more hazardous secondary operation. 
Since many adverse rhinoplasty outcomes result from sub- 
standard surgical care, a cautious and skeptical approach 
to further surgery is clearly justified but may itself become 
an obstacle to the ultimate goal of nasal restoration. 
Furthermore, most revision rhinoplasty patients resort 
to the Internet for treatment advice where confusing and 
often erroneous recommendations are commonplace. 
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The Internet also provides interactions with hundreds of 
other unhappy rhinoplasty patients serving to underscore 
the prevalence of adverse outcomes and to further raise the 
level of patient anxiety. Sadly, the Internet often portrays 
rhinoplasty surgeons as uncaring and profit-driven indi- 
viduals who prey upon the unsuspecting. And while the 
unethical and incompetent practices of some cosmetic sur- 
geons may lend credence to these cynical viewpoints, the 
emotionally traumatized and gullible revision rhinoplasty 
patient is particularly susceptible to such distortions and 
may erroneously regard these views as both authoritative 
and trustworthy. Consequently, the prospective revision 
rhinoplasty patient often initially regards the treatment 
recommendations of the revision rhinoplasty consultant 
with suspicion and mistrust. Even multiple consultations 
with seasoned revision rhinoplasty experts may fail to pro- 
vide clarity and reassurance, particularly since legitimate 
differences in treatment philosophy often result in con- 
tradictory treatment recommendations. Hence, while the 
secondary rhinoplasty patient is often eager to treat the 
postsurgical deformity, they are often confused and uncer- 
tain about where to turn for help. 

Upon the realization that further nasal surgery is inevi- 
table, most revision rhinoplasty patients seek to become 
more knowledgeable as to the methods, risks, and options 
for revision nasal surgery. As a result, patients occasionally 
demonstrate a surprising familiarity with technical rhino- 
plasty jargon and tout a (cursory) understanding of sec- 
ondary rhinoplasty techniques. Moreover, they will often 
challenge the technical aspects of a proposed treatment 
plan based upon a naive and sometimes distorted under- 
standing of nasal surgery. At face value, these patients may 
seem overly controlling and manipulative—much like the 
individual with narcissistic personality disorder. However, 
upon closer scrutiny these individuals are usually noth- 
ing more than fearful victims who are desperately trying 
to avoid yet another devastating surgical outcome, and 
the revision rhinoplasty surgeon should not necessarily be 
intimidated by patients seeking validation of the proposed 
treatment plan. 

Without question, a failed rhinoplasty has numerous 
medical, financial, and psychosocial implications for the 
patient. Moreover, the task of finding a trustworthy surgeon 
with appropriate skills and expertise can prove a daunting 
and frustrating task for the gun-shy patient, particularly 
when conflicting opinions and misinformation abound. 
Since many prospective patients harbor concerns about the 
integrity, professionalism, and surgical competence of the 
revision surgeon, a compassionate listening ear and a will- 
ingness to patiently justify all treatment recommendations 
is the first step in earning patient trust and confidence. 
Failure to effectively justify the proposed treatment plan 
or to provide a compelling rebuttal to various misguided 
treatment recommendations, no matter how painstaking 
or time-consuming, may ultimately foster mistrust and 
create an emotional barrier to successful revision surgery. 
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And although a trusting relationship takes considerable 
time and effort to cultivate, it is highly improbable that a 
revision rhinoplasty patient will progress to surgical treat- 
ment without it. 


SOMATOFORM AND PERSONALITY 
DISORDERS 


Despite the commonly held view that cosmetic nasal sur- 
gery is merely a superficial (nontherapeutic) alteration of 
outward appearance, significant psychological benefits 
have been confirmed in well-adjusted individuals follow- 
ing successful primary rhinoplasty (8,9). Moreover, it is 
reasonable to conclude that similar therapeutic benefits are 
likely for the revision rhinoplasty patient since a successful 
outcome can fully eliminate the cause of emotional angst 
and provide analogous psychological benefits. However, 
roughly one-third of individuals seeking cosmetic nasal 
surgery also present with symptoms of mild to moderate 
psychiatric disease (8,9). Included among this subset of 
patients are those with distinct and identifiable psycho- 
logical disorders such as somatoform disorders or vari- 
ous forms of aberrant personality disorders. In both cases, 
these disorders may thwart successful treatment, and the 
treating surgeon must be familiar with the hallmark symp- 
toms of each disease so that appropriate precautions and/ 
or exclusions can be implemented. 

Body dysmorphic disorder (BDD) is a somatoform dis- 
order that occurs at a far greater frequency among patients 
who seek cosmetic surgery (9-11). Sometimes called 
“imagined ugliness syndrome,” BDD is a DSM-IV disor- 
der (Diagnostic and Statistical Manual of Mental Disorder, 
Fourth Edition) that is defined as an irrational preoccupa- 
tion with an imagined or trivial defect in appearance that 
results in significant emotional distress and/or impair- 
ment in daily functioning. Nearly all BDD sufferers engage 
in compulsive behaviors such as mirror checking or skin 
picking related to obsessive preoccupations with personal 
appearance, often spending hours each day engaged in 
these anxiety-producing activities (9-11). In severe forms, 
BDD may give rise to surgically addictive behaviors in a 
futile quest to eliminate imaginary flaws in body image. 
However, nonpsychiatric medical treatments such as cos- 
metic surgery seldom prove effective in eliminating symp- 
toms of BDD (9,12). The most common form of BDD is 
the delusional variant in which patients lack insight or 
awareness regarding their obsession; whereas patients 
with the nondelusional variant can recognize their obses- 
sion to a variable extent (11). In the delusional form, suf- 
ferers are completely convinced that they appear ugly and 
grossly abnormal. Frequently BDD occurs in tandem with 
other psychiatric disorders including major depression, 
obsessive-compulsive disorder, substance abuse disorder, 
eating disorders, and personality disorders (9). Impaired 
psychosocial functioning is common in BDD and in severe 
cases may result in prolonged school or work absences, or 
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the inability to sustain interpersonal relationships (11). 
Clinical depression is a near-universal feature of BDD, and 
Patients with severe BDD are at significantly increased risk 
for suicide (10,11). Revision rhinoplasty surgeons are also 
likely to encounter BDD patients with far greater frequency 
as the nose is one of the most common areas of concern 
second only to the hair and skin (10). Interestingly, BDD 
sufferers also frequently “doctor shop” as they relent- 
lessly seek a surgical cure to their psychiatric illness (9,10). 
However, in contrast to well-balanced patients with mild 
but correctable complaints who will benefit from success- 
ful revision surgery, those with BDD may never achieve 
satisfaction regardless of the cosmetic outcome. Even excep- 
tional cosmetic outcomes are unlikely to eliminate the 
patient's dissatisfaction with their nasal contour and may 
even trigger new obsessions with other body parts (9,10). 
Physical violence is also more common in distraught BDD 
patients and may be directed at cosmetic surgeons who 
fail to eliminate the perceived deformity (9-12). Because 
many BDD sufferers are adept at evading the screening pro- 
cess, the diagnosis of BDD should be entertained in any 
patient who dwells excessively upon a minimal or barely 
perceptible cosmetic defect. In a recent survey of 265 aes- 
thetics surgeons regarding BDD, 84% failed to recognize 
symptoms of BDD until after surgery (12). Because surgi- 
cal success rates are exceedingly poor in patients suffering 
from BDD, particularly delusional BDD patients in whom 
appropriate insight is lacking, surgery is generally contrain- 
dicated (9,11). Psychiatric evaluation and treatment is rec- 
ommended for any individual in whom BDD is suspected, 
particularly since the delusional variant appears to respond 
to drug therapy with serotonin reuptake inhibitors (10,11). 
Psychiatric clearance is also essential for any suspected 
BDD patient prior to cosmetic surgical treatment (10), but 
surgical success rates in patients with documented BDD 
are notoriously poor and there is a growing consensus that 
BDD should be regarded as a contraindication to cosmetic 
treatments (9,11). 

Personality disorders, defined as deeply ingrained, 
nonpsychotic, and maladaptive patterns of behaving and 
relating to others, are the most commonly encountered 
psychological disturbance in patients seeking cosmetic 
surgery (6,13). Although certain personality disorders are 
easily recognized, others such as borderline personality 
disorder may be difficult to identify since patients may 
initially seem normal. The borderline personality disor- 
der is characterized by a sense of loneliness and empti- 
ness, unpredictable mood swings, fear of abandonment, 
and irritability (6). Patients with borderline personality 
disorder may be identified as slightly “off” due to exces- 
sive flattery and premature familiarity, juxtaposed against 
aggressive and suspicious questioning. Despite behavior 
that is initially flattering, sympathetic, or seductive, stress- 
ful events such as a failed rhinoplasty (or a perceived surgi- 
cal failure) may trigger acute decompensation with overt 
maladaptive symptoms such as postoperative depression, 


disordered self-image, and/or inappropriate demonstrations 
of anger, as individuals with borderline personality disor- 
der look to others for cause, responsibility, and blame for 
their actions or circumstances (6,13). 

Another commonly encountered personality disorder, 
the narcissistic personality disorder, is characterized by 
excessive arrogance and a feeling of superiority to oth- 
ers, regardless of actual achievements (G6). Patients with 
narcissistic personality feel entitled to special treatment 
from office staff and the surgeon due to an inflated sense 
of self-esteem. Narcissists require continual validation of 
their special status and react with indifference, contempt, 
or even hostility to those who fail to actively reinforce 
their self-perceived greatness. Often they wear conspicu- 
ous flashy clothing or makeup and behave in a way that 
is designed to attract attention. Consequently, the narcis- 
sistic personality is typically very easy to discern in consul- 
tation. They interrupt frequently, demonstrate resistance 
to active listening, and show disinterest in surgical rec- 
ommendations as they typically possess a preconceived 
notion of what procedure is best for them. While the oth- 
erwise normal but self-centered or egotistical individual 
may make a suitable surgical candidate when they are able 
to acknowledge the limitations of surgical treatment, elec- 
tive cosmetic surgery is generally contraindicated in the 
patient with frank narcissistic personality disorder (6). 
Moreover, failure to meet the unrealistic cosmetic expecta- 
tions of the narcissistic patient may trigger a narcissistic 
rage that can be disturbing, frightening, and even physi- 
cally violent. 

When evaluating any prospective rhinoplasty patient, 
it is critically important for the revision rhinoplasty sur- 
geon to look beyond the technical aspects of surgical treat- 
ment and to closely examine the psychological health of 
the individual as demonstrated through the developing 
surgeon-patient relationship. Virtually all revision rhi- 
noplasty patients present with some measure of recent or 
current emotional upheaval in response to the adverse rhi- 
noplasty outcome, making detection of emotional pathol- 
ogy far more difficult. However, for the emotionally healthy 
individual, the normal response to a stressful adverse life 
event does not ultimately inhibit effective management. In 
contrast, for patients with various emotional disorders, the 
absence of insight and/or objective thinking makes attain- 
ing a satisfied patient highly improbable, and treatment 
is usually best avoided altogether. Failure to recognize the 
differentiating signs and symptoms of these emotionally 
troubled patients may result in significant conflict between 
patient and surgeon even when the surgical care is appro- 
priate and the surgical outcome is satisfactory. In extreme 
cases, maladaptive behaviors may lead to confrontation, 
hostility, and potentially even physical violence. And with 
the recent popularity of Internet communication, hostility 
may also manifest through online slander, character assas- 
sination, and/or fictitious accounts of surgical negligence, 
all protected by the cloak of Internet anonymity. Clearly, 
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a failed rhinoplasty is an emotionally charged issue, and 
the revision surgeon must always be mindful of the signifi- 
cant emotional overlay associated with treatment expecta- 
tions, particularly in the presence of underlying emotional 
pathology. 


KEY PROGNOSTIC INDICATORS IN 
SECONDARY RHINOPLASTY 


Proper physical evaluation of the revision rhinoplasty 
patient includes an assessment of several key determinants 
that strongly impact the surgical prognosis. The importance 
of these determinants to successful secondary rhinoplasty 
merits special emphasis during the nasal examination and 
each of these variables is briefly highlighted below. 

In addition to evaluating the psychological well-being 
of the patient, the initial patient evaluation should focus 
upon the patient’s general medical health, particularly 
as it relates to anesthetic tolerance and surgical wound 
healing. Although robust general health, good exercise 
tolerance, and the absence of medical comorbidities are 
favorable indicators of physical vigor at any age, secondary 
nasal surgery becomes increasingly more difficult in later 
life. In contrast to adolescents and young adults who typi- 
cally possess a dramatic and rapidly forgiving recuperative 
capacity, elective cosmetic nasal surgery is often far more 
prone to complications in middle age and beyond. While 
general physical vitality remains an important consider- 
ation in all patients, age alone is a major consideration in 
cosmetic nasal surgery, particularly in the previously oper- 
ated nose. Hence, complex revision rhinoplasty should be 
approached with caution in the older patient since nasal 
healing responses often decline with age. 

Another important prognostic indicator is the length of 
time since prior nasal surgery. Although surgically induced 
tissue trauma is to a large extent permanent and therefore 
cumulative, at least some degree of tissue injury is revers- 
ible if given adequate time for recovery. Consequently, 
multiple surgical procedures stacked at close intervals are 
highly detrimental since the nose has yet to recover from 
one injury before being subjected to another. In this sce- 
nario, even a young healthy patient with highly favorable 
recuperative powers may develop adverse wound-healing 
responses due to repeated uncompensated tissue trauma. 
Conversely, a healthy 35-year-old patient seeking revi- 
sion of a failed teenage rhinoplasty has the advantage of 
a nearly two decade-long recovery in which all reversible 
injury has fully resolved. In this scenario, a well-executed 
revision rhinoplasty in a suitable candidate is usually fol- 
lowed by favorable wound-healing responses, sometimes 
comparable to a previously unoperated nose. Hence, noses 
that have been allowed a prolonged period of recovery are 
often far more tolerant of secondary surgery, whereas revi- 
sion surgery in the face of acute swelling and inflamma- 
tion may lead to increased complication rates from adverse 
healing responses. 
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Another critical factor that can dramatically impact the 
surgical prognosis is nasal skin quality. Without question, 
a smooth and healthy nasal complexion with intermediate 
skin thickness is best suited to cosmetic nasal surgery. In 
fact, a clear, smooth (nonsebaceous) complexion almost 
always indicates tolerant and “forgiving” nasal skin with 
minimal scarring tendencies and little preexisting cutane- 
ous inflammation. On the other hand, thick oily nasal 
skin with large sebaceous units often responds poorly to 
surgical manipulation, reacting with excessive swelling, 
prolonged inflammation, and a tendency for heavy sub- 
cutaneous scarring. In the oversized nose, thick inelastic 
skin may fail to contract and properly conform to surgical 
reduction of the skeletal framework, whereas in the under- 
sized nose, thick inelastic skin may limit cosmetically ideal 
skeletal re-expansion. Another important disadvantage of 
ultrathick nasal skin is the loss of surface definition created 
by excessive masking of the underlying skeletal framework. 
Because ultrathick nasal skin heavily obscures topographic 
features of the underlying nasal skeleton, the delicate 
surface undulations that characterize a well-defined and 
attractive nasal tip are lost. Moreover, a weak and under- 
projected nasal framework, whether acquired naturally or 
through surgical overresection, only serves to exacerbate 
the loss of desirable surface highlights. In contrast, for 
patients with extremely thin nasal skin, the atretic outer 
covering offers scant camouflage of underlying skeletal 
imperfections, and a flawless skeletal contour is required 
to prevent visible imperfections in the surface topography. 
Furthermore, both telangiectasias and dyschromias are 
easily provoked with repeated surgical dissection of thin 
nasal skin. In contrast to ultrathick or ultrathin nasal skin, 
intermediate skin thickness offers effective concealment of 
minor skeletal imperfections while still retaining a well- 
defined and attractive surface contour. In addition, healthy 
skin of intermediate thickness is usually associated with 
ample elasticity, prompt resolution of surgical edema with 
minimal subcutaneous scarring, and the capacity to rapidly 
conform to a surgically downsized nasal framework. When 
examining the previously operated nose, nasal skin qual- 
ity is a crucial prognostic indicator that must be evaluated 
carefully. In fact, nasal skin quality is typically a far more 
reliable indicator of wound healing than is skin pigmenta- 
tion, as virtually all skin tones will heal favorably when the 
complexion is smooth and clear. Consequently, failure to 
assess skin quality and to account for the intrinsic healing 
characteristics during surgical planning is a serious over- 
sight in the evaluation process. 

Another critical determinant of surgical success is intrin- 
sic cartilage strength. Because the goal of any rhinoplasty 
is to create a permanent improvement in nasal contour via 
a nondeforming and durable skeletal framework, the bio- 
mechanical properties of the nasal cartilage are of critical 
importance to the long-term surgical outcome. Although 
cartilage strength is commonly regarded as unchanging 
throughout life, in reality cartilage stiffness commonly 
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degrades over time. Age-related or disease-mediated losses 
in cartilage strength are inevitable in virtually every nose, 
and while noses blessed with naturally rigid cartilage may 
experience only negligible losses in structural support, in 
noses with naturally soft cartilage, age or disease-mediated 
deterioration may profoundly affect the shape and/or 
function of the nose over time. Moreover, even modest car- 
tilage resection can exacerbate the age-related or disease- 
mediated deterioration of naturally weak nasal cartilage, 
producing a catastrophic effect upon long-term structural 
integrity. Vigorous soft tissue contraction—the so-called 
“shrink wrap” phenomenon—may compound the adverse 
impact of surgical intervention and age-related deteriora- 
tion by distorting and collapsing the severely weakened 
nasal framework. Consequently, when evaluating the pre- 
viously operated nose, baseline skeletal strength becomes 
a key indicator of both the existing structural support and 
the future susceptibility to structural failure. And since 
surgical restoration of the nose is only as good as the tis- 
sues used in the reconstruction, assessment of the baseline 
structural integrity and the strength of available graft mate- 
rials are critical to the surgical prognosis and represent a 
crucial component of every new patient evaluation. 

The final prognostic indicator is perhaps the most 
important single factor in the surgical prognosis—the 
body’s genetically predetermined response to tissue injury. 
While the majority of young healthy individuals enjoy a 
forgiving tissue response that facilitates rapid and favorable 
healing, a small subset of humans appear to have tissues 
that respond poorly to surgical manipulation regardless of 
the care and precision exercised during surgical treatment. 
Furthermore, this sinister tendency is nearly impossible 
to detect with certainty in any given patient. Unlike the 
aforementioned prognostic indicators that can be quanti- 
fied during the new patient evaluation, unfavorable wound 
healing responses may occasionally present without any 
identifying signs or symptoms. And while the majority 
of unsuccessful rhinoplasties are probably the result of 
incorrect aesthetic analysis, poor artistic judgment, tech- 
nical errors, or surgical incompetence, a small subset of 
adverse outcomes is unquestionably the result of geneti- 
cally predetermined adverse would-healing tendencies. 
At their worst, unfavorable healing responses may lead to 
prolonged inflammation, excessive fibrosis of the soft tis- 
sue envelope, excessive or inadequate soft tissue contrac- 
ture, vascular insufficiency, and/or diminished immune 
function. The cumulative effects of these antagonistic 
influences may completely negate all of the surgical modi- 
fications intended to enhance nasal contour and function. 
Moreover, adverse wound-healing responses often become 
more severe with each successive nasal surgery. Although 
physical signs such as thick inelastic nasal skin, hypertro- 
phic scarring, or excessive subcutaneous fibrosis often fore- 
shadow adverse wound-healing responses, hostile healing 
responses can also arise in seemingly favorable surgical 
candidates who are devoid of discrete clinical findings. 


When combined with weak skeletal anatomy in the 
surgically damaged nose, adverse healing responses repre- 
sent an insurmountable surgical challenge in which further 
surgery is best avoided. Because these patients are occa- 
sionally indistinguishable from those with normal healing 
responses, even the accomplished surgeon will occasionally 
experience an adverse surgical outcome despite performing 
a technically appropriate and well-executed surgical proce- 
dure. Consequently the prudent surgeon should forewarn 
all patients about the unlikely but potentially catastrophic 
development of adverse healing responses, and a favor- 
able surgical outcome should never be guaranteed even in 
the seemingly ideal patient. Although physical signs and 
symptoms are often lacking, warning signs suggestive of 
adverse healing responses should be sought in every new 
patient evaluation. 


PHYSICAL ASSESSMENT OF THE NOSE 


Perhaps the most commonly neglected, yet critically impor- 
tant component of the revision rhinoplasty assessment is 
physical examination of the nose. Because every secondary 
rhinoplasty patient presents with varying degrees of prior 
surgical scarring, skeletal disruption, vascular impairment, 
and/or structural instability; a proper revision rhinoplasty 
evaluation requires a thorough physical examination and 
cannot be conducted by photo review alone. Although pho- 
tographic analysis of the nose is a critical component of 
the preoperative cosmetic assessment (5), high-resolution 
rhinoplasty photos fail to convey vital physical and bio- 
mechanical tissue properties like cartilage strength, tip 
support, sidewall rigidity, skin thickness, airway dimen- 
sion, septal alignment, valve patency, or skin elasticity. In 
the aggregate, these tissues characteristics have a profound 
influence upon the method of surgical treatment and upon 
the probability of a successful surgical outcome. Failure 
to carefully examine the previously operated nose with a 
combination of inspection, palpation, and dynamic obser- 
vation is a grave oversight that often precedes unsuccessful 
surgery. Hence, the present trend toward Internet consulta- 
tions, while a reasonable first step in the evaluation pro- 
cess, should not be regarded as a suitable substitute for a 
proper one-on-one patient evaluation. 

Surgical assessment of the nose prior to revision rhi- 
noplasty requires a methodical physical examination 
designed to assess every physical characteristic that may 
influence the surgical outcome. The preoperative examina- 
tion should be conducted in light of the patient’s cosmetic 
and functional objectives so that a realistic treatment plan 
can be devised that reflects the patient’s cosmetic goals 
and yet simultaneously recognizes and accounts for the 
anatomic obstacles to success. Although a proper surgi- 
cal assessment cannot be performed from photographs 
alone, examination findings should be carefully correlated 
with standardized rhinoplasty photographs in order to 
obtain a complete and accurate cosmetic analysis. Indeed, 
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a conventional aesthetic nasal analysis using standardized 
rhinoplasty photographs is an essential component of 
every good rhinoplasty evaluation (5). In addition to the 
cosmetic assessment, the preoperative nasal examination 
should also evaluate the structural integrity of the bony 
and cartilaginous skeletal framework; the thickness, elastic- 
ity, and perfusion of the inner and outer nasal lining; and 
the status of the entire nasal airway including the external 
and internal nasal valves, the nasal septum, and the nasal 
turbinates. In turn, this information will help to determine 
the associated surgical complexity, the surgical risk, and 
the surgical prognosis specific to each individual patient. 
Although this represents a time-consuming endeavor, 
without a comprehensive preoperative surgical evaluation 
the probability of a satisfactory final outcome is greatly 
diminished. Hence, the importance of the physical exami- 
nation cannot be overemphasized. 

Perhaps the most neglected aspect of the revision rhi- 
noplasty evaluation is the functional assessment of the 
nose. Often the revision rhinoplasty patient is focused 
solely upon the cosmetic deformity and is reluctant to 
further complicate their management with complaints of 
functional impairment. However, nasal airway dysfunc- 
tion is common in the revision rhinoplasty patient popu- 
lation and since untreated nasal airway dysfunction can 
lead to adverse health consequences, particular attention 
should be directed toward evaluating nasal airway patency. 
Typically, patients with nasal airway obstruction report 
daytime nasal congestion that becomes noticeably more 
severe at night. Subsequent nocturnal obstruction leads 
to associated symptoms of mouth breathing often accom- 
panied by an overly dry throat, frequent awakenings from 
thirst or nasal obstruction, and disrupted sleep patterns 
with daytime fatigue. Ancillary symptoms such as rhino- 
genic headaches, decreased sense of smell, recurrent sinus 
infections, or Eustachian tube dysfunction may also be 
present. Symptoms of allergic rhinitis, when present, will 
also typically exacerbate the clinical symptoms of nasal air- 
way dysfunction. 

For a thorough cosmetic assessment, physical exami- 
nation of the previously operated nose should include a 
careful inspection of both the external and internal nasal 
anatomy. In addition to the standard external cosmetic 
parameters of contour, alignment, symmetry, width, length, 
projection, and rotation, particular attention should also 
be paid to the physical and biomechanical characteristics 
of the outer nose, and palpation is an indispensible com- 
ponent of the physical examination. Only palpation will 
yield information regarding skin thickness, skin elastic- 
ity, cartilage strength, sidewall rigidity, tip support, and 
smoothness of the nasal dorsum. These characteristics are 
of considerable surgical significance as these physical prop- 
erties weigh heavily upon the surgical prognosis. 

Although important information is obtained through 
inspection and palpation of the outer nasal tissues, 
the external nasal attributes tell only part of the story. 
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Examination of the internal nasal passages is also critically 
important to the preoperative surgical assessment. Inspection 
of the nasal vestibule for the presence of cicatricial webs, 
valvular stenoses, prolapsed crural cartilage, recurvature of 
the lateral crura, or caudal septal deviations is vital to the 
complete preoperative assessment of the previously oper- 
ated nose. In addition, observation of the nose for dynamic 
nasal valve collapse during normal inspiration is another 
important part of the physical examination. Findings of 
dynamic nasal valve collapse are often overlooked on spec- 
ulum examination and indicate a pathologic weakness of 
the nasal sidewall—a more common finding in surgically 
overresected noses. Speculum or fiberoptic examination 
of the nasal cavum is also a key component of the revi- 
sion rhinoplasty evaluation. Visual inspection of the nasal 
mucosa for excessive erythema, rhinorrhea, and edema— 
the triad of inflammatory findings consistent with aller- 
gic rhinitis—should not be overlooked since preoperative 
allergy treatment may help to reduce both intraoperative 
bleeding and postoperative mucosal edema. Findings of 
friable, dry, and heavily crusted mucosa should also be 
sought since these are tangible signs of decreased vascu- 
larity, such as that produced by chronic cocaine abuse, 
autoimmune vasculitis, or recent surgery. Similarly, visual 
inspection of the quadrangular cartilage for clinically sig- 
nificant airway obstruction and/or mucosal adhesions 
(synechiae) is essential since surgical treatment of these 
fixed anatomic deformities is required for satisfactory func- 
tional results. The presence of high (dorsal) deviations of 
the quadrangular septum should also be sought since a 
number of cosmetic and functional problems will develop 
if curvature of the dorsal septum is unrecognized and left 
untreated. Cotton-swab palpation of the quadrangular 
cartilage is also recommended to assess intrinsic cartilage 
strength and to detect potential areas of missing cartilage 
from previous septal surgery. Stout rigidity throughout the 
quadrangular septum indicates a reasonable likelihood 
that surplus septal cartilage is available for cartilage graft- 
ing. Septal perforations should also be sought on preop- 
erative examination since large perforations may indicate 
poor vascularity and compromised structural support of 
the septal L-strut. While asymptomatic septal perforations 
do not necessarily require surgical treatment, smaller per- 
forations are often easily eliminated during standard septal 
surgery and all preexisting anatomic abnormalities should 
be documented prior to surgical revision. Finally, visual 
assessment of the inferior and middle turbinates for hyper- 
trophy and obstruction of the internal nasal airway is also 
necessary for proper functional assessment and treatment. 
While no two revision rhinoplasty cases share identical 
nasal anatomy, many revision rhinoplasty patients pres- 
ent with a stereotypical and stigmatic nasal contour result- 
ing from overaggressive excisional rhinoplasty. In fact, the 
typical revision rhinoplasty patient presents with at least 
some functional and cosmetic consequences of inadequate 
structural support stemming from overzealous skeletal 
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resection. Characteristic stigmatic findings include low 
dorsal height and ill-defined sidewall shadows, pinching of 
the middle nasal vault and/or nasal tip with corresponding 
obstruction of the nasal valve, retraction of the alar rims 
with notching of the alar margins, and asymmetries of the 
nasal tip due to unequal scarification and collapse of the 
alar cartilage remnants. Often these deformities are inter- 
spersed with untreated deformities of the original nose 
such as excessive columellar protrusion, overprojection of 
the nasal spine, derangements in tip projection, or residual 
segments of dorsal overprojection such as the pollybeak 
deformity. Although each patient presents with a unique 
set of cosmetic and functional abnormalities, the vast 
majority of complex revision rhinoplasty patients present 
with varying degrees of inadequate skeletal support with or 
without simultaneous skeletal malposition. 

Without question, one of the most important causes 
of the unsatisfactory rhinoplasty outcome is poor central 
tip support. In general, noses with naturally weak and/or 
surgically weakened central tip support are far more prone 
to adverse rhinoplasty outcomes and to adverse manifes- 
tations of alar cartilage overresection. In contrast, patients 
with vigorous central tip support suffer fewer complications 
of alar cartilage overresection all other factors being equal 
(see Case Two). While central tip support is derived in part 
from direct contributions of the medial crura, as well as 
from secondary support mechanisms from the surrounding 
soft tissues, the cartilaginous nasal septum is arguably the 
most important component of central tip support in most 
noses. Moreover, in the tension-nose deformity, septal sup- 
port may comprise the overwhelming majority of structural 
tip support (14). In a fresh cadaver study examining septal 
contributions to nasal tip support, Adams and coworkers 
observed a 3.3-mm average loss in tip projection follow- 
ing isolated (dorsal) septal reductions of 4 mm performed 
through the open rhinoplasty approach (4). Moreover, 
even greater losses in tip projection were observed follow- 
ing removal of the entire quadrangular septum. The authors 
concluded that the septum likely plays a far more signifi- 
cant role in nasal tip support than previously believed, and 
is likely equal in importance to the lower lateral cartilages 
and their soft tissue attachments in providing nasal tip sup- 
port. Consequently, assessing tip support by evaluating the 
intensity of tip recoil, the strength and rigidity of the ante- 
rior septum, and rigidity of the lower lateral cartilages is an 
essential component of the preoperative nasal exam. By the 
same token, restoring inadequate central support is one of 
the most important goals of revision rhinoplasty. 


PINPOINTING THE COSMETIC 
OBJECTIVE WITH COMPUTER IMAGING 


Without question, a thorough and methodical physical 
examination is requisite for a favorable surgical outcome. 
However, assessing the preoperative anatomy is only half of 
the equation. The other critical element in the preoperative 


assessment is the cosmetic objective—how the nose should 
appear as a consequence of revision surgery. The surgical 
prognosis will vary considerably according to the ease or 
difficulty of the cosmetic objective, and pinpointing the 
desired cosmetic outcome is an essential component of the 
preoperative assessment. 

The ultimate goal of any rhinoplasty, whether primary 
or secondary, is satisfying the cosmetic desires of the 
patient. Aside from the formidable technical challenges of 
revision rhinoplasty, one of the biggest obstacles to achiev- 
ing a satisfactory cosmetic outcome is obtaining a clear and 
unambiguous definition of the desired cosmetic objective. 
Since there is no universal or “ideal” nasal contour that 
applies equally to all faces (15), pinpointing each patient's 
specific cosmetic desires is a critical aspect of surgical plan- 
ning. Increasingly, the typical revision rhinoplasty patient 
is a young adult with very strong cosmetic preferences. And 
while many patients have passionate opinions regarding 
nasal length, tip width, or dorsal contour, many patients 
also have difficulty effectively articulating their precise 
cosmetic goals. Moreover, most secondary rhinoplasty 
patients are seeking reassurance that their goals have been 
understood correctly, and few are willing to empower the 
surgeon merely to “do what you think is best.” 

The advent of computer morphing software, commonly 
known as preoperative “computer imaging,” is a helpful new 
technology that can facilitate communication between the 
revision surgeon and the prospective revision rhinoplasty 
patient (5,16). Using standardized, (high-resolution digi- 
tal) rhinoplasty photographs, combined with computer- 
ized morphing software, computer imaging allows the 
skilled user to electronically edit (or “morph”) rhinoplasty 
photographs in order to visually depict cosmetic surgical 
enhancements of the nose. Cosmetic analysis of the nose is 
greatly enhanced using computer imaging since individual 
parameters such as projection, rotation, width, or length 
can be altered, either independently or collectively, to 
determine the aesthetic impact of surgery upon the overall 
facial appearance. By incorporating the patient’s cosmetic 
preferences into the editing process, lifelike simulations 
are created that enable the patient to “preview” various 
surgical changes, and ultimately to endorse the overall cos- 
metic objective. Because the process yields a concrete rep- 
resentation of the desired cosmetic outcome, a relatively 
unambiguous goal is established, and both the patient 
and surgeon are assured that the cosmetic objectives have 
been communicated effectively. Furthermore, the ability 
to electronically fade between edited images and the cor- 
responding unedited image in real time greatly enhances 
the analytical power of computer imaging for surgeon and 
patient alike. For the patient, real-time transformation pro- 
vides immediate intuitive understanding of the cosmetic 
deformity and greater reassurance regarding the proposed 
surgical correction. For the surgeon, the morphed image 
offers improved diagnostic insights and a mutually agree- 
able nasal contour from which an individualized treatment 
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plan can be developed and quantified. Although the 
benefits of computer imaging are irrefutable, computer 
imaging is subject to potential abuse and/or misinter- 
pretation. Consequently, care must be taken to avoid 
overoptimistic simulations and to advise all patients that 
computer-enhanced images represent a best-case scenario, 
not a guaranteed outcome (5,16). Nevertheless, while exact 
recreation of the simulated image is virtually impossible, 
in skilled hands the final outcome often resembles, or even 
exceeds, the computer-generated simulation (17). Owing 
to the many benefits of this new technology, revision rhi- 
noplasty patients now commonly request computer imag- 
ing as part of their preoperative surgical assessment. 


FINALIZING THE TREATMENT PLAN 


Once the cosmetic goal is determined, the final piece of 
the preoperative assessment is complete. The seasoned 
revision rhinoplasty surgeon will then carefully collate all 
of the available information including the patient's gen- 
eral health, the baseline cosmetic deformity, the biophysi- 
cal tissue characteristics, the patient’s cosmetic goals, the 
extent of functional impairment, the psychological status 
of the patient, and the likely healing tendencies, in order 
to devise an individualized surgical treatment plan and a 
corresponding surgical prognosis. As enumeration of the 
treatment plan becomes increasingly more explicit, the 
surgical approach (i.e, external vs. endonasal), the anes- 
thetic options, and the choice of autologous graft materials 
must also be discussed and agreed upon. The surgeon must 
then decide if the patient's expectations are realistic and if 
the treatment objectives are within reach at an acceptable 
level of surgical risk. The patient’s response to the stated 
surgical limitations and to the overall prognosis will help 
to determine if patient expectations are appropriate and 
sincere. Encouraging the patient to articulate and acknowl- 
edge the attendant surgical risks also helps to confirm that 
risk counseling was effective. Finally, the surgeon should 
ensure that the patient will comply with all surgical restric- 
tions, care requirements, and follow-up appointments 
before assuming responsibility for surgical care. 


Anesthetic Considerations 


Once the decision is made to proceed with surgical treat- 
ment, preoperative preparations and restrictions are 
reviewed with the patient. All platelet inhibitors, including 
aspirin, nonsteroidal anti-inflammatory drugs, omega fish 
oils, high-dose vitamin E, and most herbal supplements 
should be discontinued at least 7 to 10 days prior to surgery 
to prevent drug-induced clotting disturbances. Tobacco 
users should be advised to discontinue all nicotine prod- 
ucts immediately, and nasal allergies should be treated 
to reduce preoperative inflammation. A general medical 
evaluation is recommended for any patient with medical 
comorbidities or potential anesthetic contraindications. 
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While the optimal type of anesthesia remains a topic of 
considerable debate, the author emphatically prefers the 
use of general anesthesia for nasal surgery, and for revision 
rhinoplasty in particular. A carefully administered general 
anesthetic titrated to the age and body mass of the patient 
offers superior patient comfort, improved hemodynamic 
control, and optimal protection of the lower airway against 
the threat of aspiration. However, because secondary rhi- 
noplasty cases are typically of a much longer duration 
than the average primary rhinoplasty, special precautions 
are required to prevent sequela of prolonged immobility 
during general anesthesia. All patients are placed in the 
semi-Fowler “beach chair” position with the feet and head 
elevated to facilitate peripheral venous return, and the legs 
are continuously massaged with sequential compression 
devices to minimize pooling of venous blood in the lower 
extremities and thereby reduce the risk of deep vein throm- 
bosis. Pressure points on the heels and elbows are padded 
liberally, and the head is positioned above the heart to 
minimize venous back-pressure. 

While the cost of general anesthesia is marginally 
greater, the technical advantages of general anesthesia are 
numerous. First, general anesthesia virtually eliminates 
intraoperative patient movement in response to painful 
stimuli. Because the depth of twilight anesthesia is lim- 
ited by the need to maintain spontaneous ventilation, a 
partially conscious patient is often prone to unexpected 
movements and may even become restless, disoriented, 
or overtly combative. In contrast, endotracheal intubation 
safely permits a much deeper level of anesthesia that virtu- 
ally eliminates intraoperative patient movement. Although 
judicious infiltration of the nose with 1% lidocaine con- 
taining epinephrine is still required for optimal hemosta- 
sis, distortion of the nose from large fluid volumes can be 
minimized since pain control is primarily achieved via the 
general anesthetic. In addition, blood pressure control is 
far less challenging in the absence of painful stimuli, and 
controlled hypotension can be used in healthy patients to 
improve visualization of the surgical field, to minimize 
extravasation of blood into the surrounding soft tissues, 
and to minimize operative blood loss. In contrast, patients 
under intravenous sedation may feel threatened as a result 
of anesthetic-induced disorientation and confusion. Blood 
pressure spikes, excessive bleeding, and defensive move- 
ments are common in this scenario and may complicate 
surgical management. While a skillfully administered 
intravenous anesthetic can often avoid these problems, 
susceptibility to apnea varies widely among individuals 
and general anesthesia eliminates this variable entirely. 
Finally, the presence of a cuffed endotracheal tube provides 
enhanced protection of the lower airway against the aspira- 
tion of blood which is an ever-present risk in upper airway 
surgery. 

Perhaps the biggest perceived drawback to general 
anesthesia is the high incidence of postoperative nau- 
sea and vomiting (PONV). Moreover, PONV is more 
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common following oral ingestion of blood, which is highly 
emetogenic and common following nasal surgery. In addi- 
tion to being unpleasant, PONV may also lead to exac- 
erbations in surgical site edema, ecchymosis, pain, and/ 
or epistaxis, potentially prolonging recovery and inten- 
sifying the risk of subcutaneous fibrosis. However, a nar- 
cotic-free general anesthetic protocol can dramatically 
reduce the incidence of PONV (personal observation). After 
anesthetic induction with intravenous propofol (APP 
Pharmaceuticals LLC, Schaumburg, IL) and succinyl cho- 
line (PharMEDium Services LLC, Cleveland, MS), general 
anesthesia is maintained throughout the remainder of sur- 
gery on sevoflurane (Abbott Laboratories, North Chicago, 
IL) inhalational anesthetic. During periods of planned 
stimulation such as during lateral osteotomies, propofol 
is first administered by bolus to assist in blood pressure 
homeostasis and labetalol hydrochloride (Hospira Inc., 
Lake Forest, IL) or nicardipine hydrochloride (Sandoz 
Inc., Princeton, NJ) are used to supplement blood pressure 
and/or heart rate control. Dexamethasone sodium phos- 
phate (APP Pharmaceuticals LLC, Schaumburg, IL) is used 
on induction for prophylaxis against PONV, and a single 
4-mg dose of ondansetron (Baxter Healthcare Corporation, 
Deerfield, IL) is also used 30 minutes prior to extubation 
for additional PONV prophylaxis. The combined use of 
dexamethasone and ondansetron has been shown to be 
more effective at reducing severe PONV than ondansetron 
alone for both laparoscopic surgery and fentanyl-based 
patient-controlled analgesia (18,19). Moreover, by using 
the narcotic-free general anesthetic protocol described 
above, postoperative emesis is rare even when oral nar- 
cotics are used for postoperative pain control, and most 
patients are alert and oriented within 10 to 15 minutes of 
extubation. When used in combination with controlled- 
hypotensive anesthesia, the protocol also has a favorable 
impact upon postoperative swelling and ecchymosis since 
the intraoperative tissue extravasation of blood is greatly 
minimized. Patients typically perceive their surgery as last- 
ing only a few minutes and few have recall of the operat- 
ing room experience. 


SURGICAL RECONSTRUCTION OF THE 
PREVIOUSLY OPERATED NOSE 


Optimal Timing of Revision Rhinoplasty 


The optimal timing of secondary rhinoplasty (and the tra- 
ditional requirement to postpone surgery for 1 year) is a 
topic of ongoing debate. For virtually any complex second- 
ary rhinoplasty patient, the emotional burden of a pro- 
longed recovery is considerable, and rapid intervention 
would be far preferable from an emotional standpoint. 
However, early revision surgery in the face of acute postsur- 
gical inflammation and edema is significantly more com- 
plication prone, and is generally best reserved for legitimate 
medical emergencies. Furthermore, even when the acute 


postsurgical changes have resolved, the surgically disrupted 
capillary and lymphatic microcirculation remains com- 
promised, and complex revision surgery is generally best 
postponed until soft tissue swelling—the outward manifes- 
tation of microcirculatory impairment—has fully resolved. 
Although waiting a full year before correcting an unsightly 
postsurgical deformity can result in considerable emotional 
distress, a healthy microcirculation is essential to any com- 
plex secondary rhinoplasty, and the traditional recommen- 
dation to postpone revision surgery for 1 year is generally 
appropriate since significant microcirculatory impairment 
is often present in the first year after surgery. Moreover, in 
cases where the nose remains unacceptably large but other- 
wise shapely, allowing ample time for swelling and edema 
to resolve may obviate the need for revision surgery alto- 
gether since an acceptable cosmetic result often emerges 
within 12 months. And because surgical swelling is usu- 
ally far more severe in patients with thick, sebaceous nasal 
skin, revision rhinoplasty in the ultrathick-skinned patient 
solely for the purpose of achieving minor size reductions 
is generally contraindicated for at least 18 to 24 months. 
Longer healing times are also necessary for patients with 
significant acne, allergic rhinitis, or other forms of chronic 
inflammation unless the inflammatory stimulus can be 
adequately controlled. While prolonged recovery is gener- 
ally recommended for the thick-skinned or inflammation- 
prone patient, prolonged lymphedema may also give rise 
to permanent subcutaneous fibrosis, thereby tainting an 
otherwise satisfactory cosmetic outcome. Consequently, in 
patients with prolonged swelling, the judicious use of low- 
dose triamcinolone acetate injections is often necessary to 
prevent permanent iatrogenic thickening of the nasal skin 
(20). Although triamcinolone injections can potentially 
cause significant adverse side effects such as telangiectasias, 
dermal thinning, and even cartilage absorption, when care- 
fully titrated, low-dose triamcinolone can greatly enhance 
the cosmetic outcome and obviate the need for revision 
surgery in the thick-skinned nose. 

Although secondary surgery prior to complete healing 
is suboptimal, revision surgery within the first year may 
be preferable in a few rare circumstances. Unlike the oth- 
erwise shapely but still-swollen nose for which conserva- 
tive treatment is appropriate, the overresected or twisted 
nose that has little hope of spontaneous improvement is 
sometimes best revised before progressive soft tissue con- 
tracture leads to permanent nasal collapse. In these chal- 
lenging cases, nasal distortion is likely to gradually worsen 
in the months and years after rhinoplasty due to progres- 
sive “shrink wrap” contracture of both the inner and outer 
epithelial linings. Severely weakened and destabilized 
skeletal elements subjected to the persistent forces of soft 
tissue contracture often deform easily, resulting in severe 
buckling, pinching, retraction, and asymmetry of the car- 
tilaginous framework. And while nonemergent reopera- 
tion during the acute phase of postoperative inflammation 
and edema is generally ill-advised, once the acute changes 
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have passed and the microcirculation has recovered to a 
reasonable extent, early revision is reasonable—even if a 
full year has not elapsed—in order to prevent irreversible 
shrinkage of the nasal skin or mucosa. However, because 
early revision surgery risks unfavorable wound-healing 
responses and vascular insufficiency, early reoperation is 
best reserved for young and healthy individuals with for- 
giving skin and robust healing tendencies, and not for 
older patients or those with multiple medical comorbidi- 
ties. Although the emotionally distressed patient is often 
seeking early revision, early intervention places additional 
physiologic stress upon the already damaged nasal tissues, 
and only the threat of permanent nasal contracture can 
justify the additional surgical risk. Hence, the decision to 
intervene early should not be taken lightly, and emotional 
distress alone is not justification for early surgical revision. 

Another scenario in which early revision surgery is pref- 
erable is the comparatively minor anatomic deformity 
presenting in the patient with rapidly healing nasal skin. 
For the young patient with comparatively thin nasal skin 
and a smooth healthy complexion, surgical inflammation 
and swelling often resolve in far less than 12 months. In 
such patients, persistent skeletal deformities such as a small 
residual hump may be surgically corrected before the 1-year 
mark since further delay will not benefit surgical manage- 
ment. In this scenario, expeditious intervention is reason- 
able since the emotional impact of a flawed outcome can be 
remedied sooner at negligible increased risk to the patient. 

In summary, the 1-year rule is an approximate guideline 
that is appropriate for some patients and inappropriate 
for others. And like most aspects of cosmetic nasal sur- 
gery, treatment decisions should be made according to the 
individual physical and psychological needs of the patient, 
and not according to broad generalizations. For the slow- 
healing nose, patience is often rewarded with a satisfac- 
tory cosmetic outcome in the absence of revision surgery. 
And while the emotionally distraught patient often pushes 
for early surgical intervention, sometimes accompanied 
by anger or hostility, appropriate treatment must not be 
compromised in the name of expediency. In contrast, early 
intervention is occasionally justified in the contracture- 
prone patient who exhibits signs of rapid and severe nasal 
contracture. However, while early intervention may come 
as welcome news to these challenging patients, such high- 
risk cases seldom lead to storybook outcomes and a thor- 
ough, candid, and well-documented informed consent is 
mandatory. 


AUGMENTATION GRAFTING OF THE 
OVERRESECTED NOSE 


Perhaps the most common presentation in secondary rhi- 
noplasty is severe structural compromise resulting from 
overresection of the nasal framework. For most patients, 
the immediate postoperative deformity is characterized 
by a partially collapsed and noticeably less attractive nose. 
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However, the initial deformity often eventually gives way 
to progressive (delayed) contour deformity as postop- 
erative soft tissue contracture and fibrosis further deform 
the surgically weakened nasal framework. And while the 
degree of deformity often correlates to the extent of car- 
tilage resection, noses with soft, pliable nasal cartilage 
are particularly vulnerable to skeletal overexcision since 
naturally weak cartilage is already near the threshold for 
skeletal collapse. Indeed, in the susceptible patient with 
exceedingly soft cartilage, even modest cartilage excision 
can lead to severe nasal deformities. Moreover, even when 
the initial rhinoplasty outcome fails to exceed the thresh- 
old for skeletal collapse, age or disease-related deteriora- 
tion in cartilage strength may eventually lead to failure of 
the surgically weakened framework and subsequent nasal 
deformity. Because the severity of soft tissue contracture 
also varies widely among individuals, those with naturally 
strong contractile forces—often associated with relatively 
thin nasal skin—are also at increased risk for delayed skel- 
etal deformities, even when they possess comparatively 
strong nasal cartilage. Likewise, surgical disruption of vital 
secondary tip support mechanisms will also predispose 
to iatrogenic deformity unless secondary support mecha- 
nisms are adequately reconstituted or compensated at the 
time of primary rhinoplasty (4). Noses with preexisting 
skeletal deviations are also potentially more susceptible 
to overaggressive excisional techniques since aggressive 
surgical destabilization may exacerbate underlying imper- 
fections of the nasal cartilage, particularly deviation of the 
dorsal septum. And while a large nasal tip is often equated 
with strong nasal cartilage, in reality, wide or bulbous alar 
cartilages are often exceptionally soft, making them highly 
susceptible to surgical overresection. Without question, 
durable and dependable skeletal support is fundamental 
to a stable and reproducible rhinoplasty outcome, and 
surgical techniques that imperil long-term structural sup- 
port are far more susceptible to the powerful and persistent 
forces of wound healing. 

Until recently, “excisional” rhinoplasty techniques have 
been the workhorse of cosmetic nasal surgery. Traditional 
methods for reduction of the wide nasal tip and/or rotation 
of the ptotic tip have relied upon aggressive resection of the 
lateral crura—the so-called cephalic trim technique. Often 
the cephalic trim is combined with resection of the anterior 
septal angle, presumably to achieve still greater tip rotation. 
Sadly, these techniques are more often destructive, rather 
than constructive, as surgical reduction in skeletal support 
frequently exceeds the threshold for long-term structural 
stability. Although excisional techniques may yield accept- 
able surgical outcomes in select circumstances, the practice 
of excising vital skeletal tissues to refine the nasal contour is 
a risky and unpredictable undertaking, and a disproportion- 
ate number of adverse rhinoplasty outcomes are probably 
the result of overaggressive cartilage excision. Indeed, aggres- 
sive destabilization of the nasal framework can severely 
degrade and weaken skeletal support eventually resulting 
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in stigmatic and unsightly deformities of the nasal contour. 
In fact, even seemingly trivial reductions in structural sup- 
port can lead to skeletal collapse in the highly predisposed 
patient. Yet the strong association between excisional tech- 
niques and nasal contour deformities has done little to 
discourage the use of excisional methods as many practi- 
tioners still perform and teach only aggressive excisional 
techniques. Moreover, since both the severity of soft tissue 
contracture and the threshold for cartilage collapse cannot 
be reliably determined in advance, and since arbitrary lim- 
its for cartilage excision may fail to account for age-related 
reductions in cartilage strength, the long-term outcome of 
excisional rhinoplasty is at best haphazard and unpredict- 
able. Fortunately, an improved understanding of nasal tip 
dynamics and a growing recognition of the harmful effects 
of overzealous cartilage removal is prompting a gradual 
shift away from excision-based techniques and toward the 
adoption of safer and more reliable surgical alternatives. As 
a result, the unpredictable and somewhat risky practice of 
aggressive cartilage excision is slowly being supplanted by 
techniques that conserve nasal cartilage and reliably enhance 
tip contour with far less risk of skeletal degradation. 


OPTIONS FOR SKELETAL TISSUE 
REPLACEMENT 


In the overwhelming majority of revision rhinoplasty cases 
skeletal support has been severely compromised and dam- 
aged or missing skeletal tissues must be surgically recon- 
stituted in order to restore satisfactory nasal contour and 
function. As a consequence, the skillful and adept use of 
autologous tissue grafts has become the mainstay of revision 
rhinoplasty. In addition to a familiarity with the biophysi- 
cal properties and limitations of various graft materials, suc- 
cessful tissue grafting demands a working knowledge of the 
proper harvest, fabrication, and fixation of each graft mate- 
rial. Although accomplished rhinoplasty surgeons may use 
specific graft materials differently, the fundamental tenets of 
graft harvest and application must be followed regardless of 
the material selected or the specific method of application. 
Despite the potential risk of infection, resorption, warp- 
ing, migration, and other complications associated with 
autologous graft materials, autografts remain the gold 
standard in secondary rhinoplasty owing to their long-term 
safety and reliability. However, synthetic implant materials, 
while controversial, are growing in popularity as an alter- 
native to autologous tissue grafts. In primary augmenta- 
tion rhinoplasty, porous synthetic polymers, most notably 
expanded-polytetrafluoroethylene (Gore-Tex, W.L. Gore 
& Associates Inc., Flagstaff, AZ) and high-density porous 
polyethylene (Medpor, Porex Surgical Inc., Newnan, GA) 
have been used successfully for dorsal augmentation with 
comparatively few initial complications, particularly in 
comparison to traditional nonporous (silicone) implants 
(21-24). More recently, the use of porous polyethylene has 
expanded to include placement in the lower third of the 


nose for both functional and cosmetic purposes (25-29). 
Reported complication rates have generally been low, but 
delayed infection, extrusion, and foreign body reaction 
were reported in most series. Somewhat higher complica- 
tion rates were observed when alloplastic materials were 
used in revision rhinoplasty, and increased complication 
rates were attributed to comorbidities such as concomi- 
tant septal perforation, prior history of cocaine abuse, 
cigarette smoking, and other causes of vascular compro- 
mise (22,24,30). While alloplastic materials appear to be 
gaining popularity in primary rhinoplasty, the use of allo- 
plastic materials in revision rhinoplasty remains controver- 
sial due to the increased potential for delayed extrusion, 
infection, and/or foreign body reaction. Consequently, the 
use of synthetic implant materials in revision rhinoplasty 
remains comparatively uncommon. 

As an alternative to alloplastic materials, some surgeons 
prefer irradiated rib homografts for complex revision rhi- 
noplasty. While the long-standing debate regarding the lon- 
gevity and efficacy of irradiated rib grafts continues, recent 
clinical data suggest that the performance of irradiated rib 
homografts may be comparable to that of autologous rib 
tissue (31,32). However, patient objections to cadaveric tis- 
sue grafts, the limited availability of human cadaver tissue, 
the increased costs, and the theoretical potential for the 
transmission of communicable disease make cadaver carti- 
lage grafts a comparatively seldom-used graft material (33). 

While various options such as synthetic polymers and 
rib homografts are now available to the contemporary revi- 
sion rhinoplasty surgeon, autologous tissue grafts remain 
by far the most commonly used reconstructive material in 
revision rhinoplasty. Owing to their well-defined biome- 
chanical characteristics, lack of toxicity, disease transmis- 
sion, or foreign body reaction; and their superior long-term 
safety profile, autologous grafts will likely remain the mate- 
rial of choice for the foreseeable future, and the remainder 
of this chapter focuses upon autologous graft materials for 
use in secondary rhinoplasty. 

The traditional surgical adage to “replace like with like” 
is particularly relevant in revision rhinoplasty. Because the 
nose is a naturally flexible appendage that returns to its ini- 
tial shape following deformation by facial movement, the 
reconstructed nose should also remain flexible, yet simulta- 
neously maintain a durable and attractive shape and provide 
a reliable airway conduit. Of the existing options for replace- 
ment of damaged or missing nasal cartilage, only autologous 
human cartilage approximates the strength, flexibility, thick- 
ness, and tolerance to movement of the original nasal tissues. 
Although autologous bone has previously been advocated 
for use in nasal reconstruction, the difficulty of harvest, com- 
bined with the associated rigidity, bulk, and susceptibility to 
absorption, makes bone a less commonly used option for 
most secondary rhinoplasty applications (3,34,35). 

Owing to a wide variation in nasal morphology, par- 
ticularly in the secondary rhinoplasty patient popula- 
tion, and the widely differing biomechanical and physical 
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requirements within various regions of the nose, no single 
graft material meets all of the reconstructive requirements 
for every revision rhinoplasty patient. Moreover, autolo- 
gous cartilage graft materials are all limited in supply, and 
restricted to the surplus portions of the quadrangular sep- 
tum, the conchal region of the external ear, and the carti- 
laginous rib cage. Consequently, the choice of autologous 
graft materials will vary from patient to patient according 
to the location, size, and shape of the nasal defect, as well 
as the availability of cartilage from a particular donor site, 
the preference of the surgeon, and the willingness of the 
patient to authorize graft harvest. In some cases, a single 
graft material may enable a satisfactory surgical outcome, 
whereas in more complicated revision cases more than one 
graft type may be needed for the best reconstructive result. 
In the case of exceedingly large skeletal defects or the 
multiply-revised patient with prior depletion of both sep- 
tal and conchal cartilage donor sites, rib cartilage becomes 
the only viable treatment option. Regardless of the graft 
materials chosen, the skillful application of autologous 
tissue grafts remains the foundation of contemporary revi- 
sion rhinoplasty, and a sound working knowledge of each 
graft type is essential for any revision surgeon. 


Septal Cartilage 


Perhaps the autograft best suited to revision rhinoplasty is 
septal cartilage. Histologically, septal cartilage is classified 
as hyaline cartilage—a semisolid matrix of chondroitin sul- 
fate embedded with chondrocytes and a network of type 
II collagen fibers (36,37). Scanning electron microscopy 
reveals a mesh-like framework of large collagen fibers yield- 
ing additional strength relative to the loosely organized 
and smaller collagen fibers seen in lower lateral cartilage 
(36). The thickness of septal cartilage also varies according 
to the anatomic site and ranges from 0.74 to 3.03 mm (38). 
Thinner portions of the nasal septum correspond closely to 
the 0.7-mm average thickness of the lateral crus (39,40), 
making septal cartilage uniquely well suited to reconstruc- 
tion of the thin and lightweight lower lateral cartilages. 
Although the least abundant of all autologous cartilage 
graft materials, septal cartilage has numerous advantages 
over other sources of autologous tissue, including its prox- 
imity to the surgical field and its nose-like biophysical 
properties. Harvest of cartilage from a healthy nasal sep- 
tum is generally quick and uncomplicated, but care must 
be taken to preserve an outer perimeter of residual carti- 
lage to maintain structural support—the so-called septal 
“L-strut”. Minimum width of the L-strut remains a matter 
of controversy and should probably be kept as wide as pos- 
sible, but a 1.0-cm-wide L-strut is generally considered ade- 
quate for most noses (3). Despite preservation of a 1.0-cm 
L-strut, a sizeable piece of septal cartilage can still be har- 
vested from most leptorrhine noses (Fig. 184.4A-D). Graft 
harvest is typically more difficult in noses with preexist- 
ing septal deformities resulting from growth disturbances, 
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Septal cartilage graft material. A: Septal graft material harvested with L-strut preser- 
vation, (B) typical graft dimensions in the leptorrhine nose, and (C,D) donor graft material distorted 


by preexisting septal deformity. 


nasal trauma, and/or prior nasal surgery, but elimination 
of these deformities often contributes to improved airway 
function. Graft yields may vary according to patient ethnic- 
ity and age (41), with larger yields in younger patients due 
to forward expansion of the bony ethmoid plate over time. 
Interestingly, graft size may not correlate with size of the 
external nose, making it difficult to predict the availability 
of septal graft material in advance (42). 

Historically, septal cartilage has been regarded as a resil- 
ient graft material and is seldom associated with absorp- 
tion, infection, warping, or extrusion (3,33). Owing to 
its combination of axial rigidity and transverse flexibility, 
septal cartilage is commonly used in secondary rhinoplasty 
for structural grafting; including struts, battens, extension 
grafts, spreader grafts, and various tip grafts. Similarly, 
because of its stability and relative ease of carving, septal 
cartilage can also be sculpted to create a wide variety of 
surface (onlay) grafts for camouflage or contour augmen- 
tation. Lightly morselized (“crushed”) septal cartilage 
grafts can also be used for augmentation, smoothing, or 
camouflage with minimal risk of edge prominence or graft 
resorption (43). 


However, like all donor tissues, septal cartilage has 
limitations. While convenient, harvesting septal cartilage 
leads to additional soft tissue trauma thereby exacerbating 
nasal inflammation and edema, and potentially compro- 
mising tissue perfusion. Moreover, although septal carti- 
lage is preferred for its biomechanical properties, adequate 
amounts of surplus septal cartilage are not always avail- 
able. In primary rhinoplasty, many flat underprojected 
noses lack adequate septal cartilage for significant grafting 
needs, and in revision cases surplus septal cartilage may 
be damaged or depleted from previous surgery. Efforts 
to generate large amounts of tissue-engineered human 
septal cartilage with biomechanical properties equiva- 
lent to natural septum are under way, but to date bio- 
engineered septal cartilage is not yet clinically available 
(37). Interestingly, the adult human nasal septum is the 
preferred donor tissue for laboratory-engineered cartilage 
since septal chondrocytes demonstrate a greater prolif- 
erative effect in monolayer culture—a crucial preliminary 
step in cell culture—and they also demonstrate a better 
overall proliferative and chondrogenic potential relative to 
most other cartilage cell types (44). 


Conchal Cartilage 


Elastic (or hyaline-elastic) cartilage harvested from the con- 
chal bowl of the external ear is another commonly used 
source of autologous cartilage. Histologically, auricular car- 
tilage contains both type I and type II collagen and elastic 
fibers (37). Unlike septal cartilage that typically yields a flat 
uniform specimen, conchal cartilage is cupped, generally 
thicker, and more prone to cracking with manipulation. 
Moreover, conchal cartilage must be harvested from a sepa- 
rate and distinct surgical site, adding to surgical morbid- 
ity and time utilization. However, a single piece of conchal 
cartilage can be obtained from the typical ear measuring 
approximately 2.4 x 2.4 cm (45) (Fig. 184.5). Harvest can 
be performed through either an antihelical fold incision 
or a postauricular crease incision with minimal cutaneous 
scarring. When needed, harvest may also include the poste- 
rior conchal perichondrium, which can be used for tip graft 
camouflage or augmentation of thin nasal skin. In order 
to prevent postoperative auricular contour deformities fol- 
lowing harvest of the entire conchal bowl, the antihelical 
fold must be fully preserved and a bolster-type dressing is 
required to maintain conchal contour during initial heal- 
ing. Risks of conchal graft harvest include skin necrosis, 
scar contracture, infection, or hematoma, but these prob- 
lems are exceptionally rare in experienced hands. 


Figure 184.5 Conchal cartilage graft material harvested from 
the postauricular approach. Note undersurface of the conchal skin 
after contiguous excision of the concha cymba and cavum. 
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Like septal cartilage, conchal cartilage grafts are 
remarkably resilient and seldom succumb to infection, 
absorption, or extrusion making them a popular graft 
option in nasal surgery (3,31,45). However, conchal grafts 
are notoriously difficult to conceal probably as a conse- 
quence of their nonuniform shape, and warping or edge 
prominence are common complications with superficial 
placement, particularly in the absence of secure suture fixa- 
tion. Moreover, beveling of graft edges on the outer surface 
may actually exacerbate graft edge prominence. Owing 
to its natural bulk and curvature, and its corresponding 
thickness and lack of axial rigidity, conchal cartilage is also 
poorly suited to the fabrication of columellar struts and 
septal extension grafts (SEGs). In such applications, 
double-layered grafts are often needed to achieve a strong 
and reasonably straight structural element. However, the 
natural graft curvature of ear cartilage is sometimes an 
asset in the fabrication of tip grafts, butterfly grafts, alar rim 
grafts, or other applications that require a gently curved 
surface contour (45). Placement of conchal grafts in direct 
contact with the dermis is ill-advised since graft promi- 
nence is common and since tenacious adherence to the 
skin makes removal exceedingly difficult. 

In addition to standard conchal cartilage grafts, com- 
posite chondrocutaneous grafts are also occasionally use- 
ful in secondary rhinoplasty. Composite grafts are most 
commonly used to correct severe retraction of the alar rim 
or columella following overresection of the lateral crus or 
caudal septum, respectively (46,47). Small (5 x 15 mm) 
composite grafts can be harvested from the concha cavum 
while still permitting primary closure of the donor defect 
after undermining of the adjacent skin. Although thick, 
these grafts are often indispensible in correcting the afore- 
mentioned secondary nasal deformities since they replace 
missing vestibular skin and augment deficient skeletal 
support. 


Costal (Rib) Cartilage 


Costal cartilage is another form of hyaline cartilage con- 
taining a mix of type I and type II collagen that is mechan- 
ically stronger than either septal or conchal cartilage 
(37). Moreover, unlike conchal or septal cartilage, cos- 
tal (rib) cartilage is also available in relative abundance. 
Consequently, rib cartilage is often the material of choice 
when large volumes of cartilage are required, or when sep- 
tal or conchal donor sites have been depleted from prior 
surgery. However, the harvest of rib cartilage is consider- 
ably more invasive and time-consuming. Potential risks 
of rib graft harvest include pneumothorax, chest wall 
deformity, infection, hematoma/seroma, and/or intense 
postoperative pain. Harvest from the right chest wall is 
preferred to avoid inadvertent injury to the underlying 
left-sided cardiac tissues, and a 3.0-cm chest-wall inci- 
sion typically affords adequate exposure while limiting 
donor site scarring. In women, an inframammary crease 
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incision permits concealment of the scar beneath the 
bikini line but restricts access to the fifth, sixth, or possi- 
bly seventh ribs. Obese patients may require a longer inci- 
sion for better visualization due to extra subcutaneous fat, 
and in older patients ossification of the rib cartilage may 
make harvesting and/or carving of the graft difficult (48). 
However, significant ossification can also occasionally 
occur in younger patients. The author has harvested rib 
on two occasions in patients less than 30 years of age 
who were both found to have near-complete ossification 
of the rib cage (personal observation). In one patient, this 
was attributed to a rare manifestation of Addison disease, 
while no known etiology was found for the other patient. 
Postoperative discomfort from rib harvest can be mini- 
mized with blunt spreading of the overlying rectus mus- 
cle, and grafts may be harvested as partial or full-thickness 
specimens with or without the attached perichondrium 
(Fig. 184.6A and B). Acute postoperative pain is greatly 
diminished with placement of a percutaneous bupiva- 
caine infusion pump allowing for 4 to 5 days of postop- 
erative donor site numbness. 

While rib cartilage is available in abundance, cos- 
tal cartilage has a strong propensity for warping (3,33- 
35,44,48-50). Soaking of the specimen in saline followed 
by concentric carving of the graft may help to minimize 
warping (51), but aggressive thinning of the graft may 
contribute to structural instability and eventual warping 
despite preventative measures. Moreover, experimental 
evidence suggests that saline-moistened costal grafts may 
continue warping for up to 4 weeks postharvest (49). Even 
thick dorsal onlay grafts can warp and/or migrate when the 
graft fails to adhere or when the graft/host interface is not 
sufficiently reciprocal. Some experienced rib graft surgeons 
feel that fixation of dorsal onlay grafts with perichon- 
drium may help to minimize postoperative warping and 
migration. 
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In an attempt to further prevent warping of dorsal rib 
onlay grafts, various modifications have been advocated. 
Internal stabilization of costal cartilage by longitudinally 
skewering the graft with a Kirschner wire (K-wire) offers 
resistance to warping at the expense of a permanent foreign 
body (50). The use of a composite osseocartilaginous dorsal 
augmentation graft harvested from the sixth, seventh, or 
eleventh rib allows for osseointegration of the bony com- 
ponent to the bony substructure, promoting stabilization 
of the graft against migration and/or warping (34,35). 
Alternatively, rib cartilage may also be “diced” into 0.5- to 
1.0-mm cubes and encased in a sleeve of temporalis fas- 
cia to create a malleable dorsal augmentation graft that is 
highly resistant to warping (52,53). The so-called diced 
cartilage-fascia (DC-F) graft may be used for partial or 
complete dorsal augmentation depending upon graft size 
and positioning. DC-F grafts may also be constructed from 
conchal or septal cartilage, but donor quantities may be 
insufficient for large volume defects. The harvest of tem- 
poralis fascia is generally uncomplicated and associated 
with minimal donor site morbidity, and the DC-F graft 
has proven both effective and reliable without warping 
or clinically significant absorption in long-term clinical 
application (52,53). 


Soft Tissue Grafts 


Although skeletal restoration is the foundation of revi- 
sion rhinoplasty, thickness and uniformity of the overly- 
ing nasal skin also plays a critical role in secondary nasal 
surgery. Nasal skin at the extremes of thickness—extremely 
thick skin or exceedingly thin nasal skin—often present 
the greatest technical challenge in secondary rhinoplasty. 
For noses with extremely thick nasal skin, excessive soft tis- 
sue bulk completely obscures the skeletal contours neces- 
sary for a well-defined and attractive surface topography. 


Figure 184.6 Rib cartilage graft material. A: Specimen of sixth rib following removal of perichon- 
drium, and (B) solid dorsal onlay graft contoured from sixth rib specimen. 


In contrast, naturally thin nasal skin provides little if any 
camouflage, and even minor skeletal imperfections are 
easily discernible beneath the ultrathin soft tissues. In the 
multiply operated nose with overly thin skin, surgically 
induced atrophy can also lead to additional thinning and 
still greater cosmetic deformity (Fig. 184.7A-C). Ironically, 
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atrophic thinning is often most severe over the rhinion and 
nasal tip where skeletal imperfections most commonly 
arise. Thin-skinned patients are also more susceptible to 
surgically induced erythema, which may become progres- 
sively longer lasting with each successive surgery and which 
may eventually fail to resolve altogether. In addition to the 


Rhinoplasty complications resulting from ultrathin 
nasal skin. A: Excessive prominence of radix graft in thin-skinned 
nose, (B) excessive tip graft prominence in the thin-skinned 
nose, and (C) nasal tip contour after camouflage with autologous 
(abdominal) dermal graft. 
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drawbacks of naturally thin nasal skin, unsightly contour 
irregularities can also develop in patients with intermedi- 
ate nasal skin thickness as a consequence of localized sur- 
gical injury and subsequent (focal) skin atrophy. When 
severe, random inconsistencies in skin thickness can pro- 
duce an unsightly lumpy appearance despite a smooth 
underlying skeletal substructure. Moreover, attempting to 
eliminate these surface irregularities through alteration of 
the underlying skeletal framework may prove exceedingly 
difficult and may even jeopardize skeletal integrity. 

Treatment of overly thin nasal skin or focal skin incon- 
sistencies is often best achieved using autologous soft 
tissue augmentation grafts. Various autologous materi- 
als have been used to augment skin thickness including 
dermis, perichondrium, superficial musculoaponeurosis 
(SMAS), and temporalis fascia. De-epithelialized dermis 
may be harvested from the abdomen using previous surgi- 
cal scars (e.g., C-section, appendectomy) or from an ellip- 
tical Pfannenstiel-type incision below the bikini line (54) 
(Fig. 184.7B and C). Modest amounts of perichondrium 
can be obtained from the posterior conchal bowl, whereas 
larger amounts can be obtained from costal cartilage. A 
4.0 x 5.0 cm sheet of temporalis fascia is easily obtained 
via a 2.0-cm temporal scalp incision placed over the mid- 
temporalis muscle. The nasal SMAS layer, a fibromuscular 
tissue layer that lies immediately deep to the subdermal 
fat, may be excised en bloc from beneath the nasal skin 
flap to improve tip contour, definition, and skin elasticity 
(55). Nasal SMAS should only be harvested from patients 
with exceptionally thick nasal skin and harvest is gener- 
ally confined to the supratip and adjacent sidewalls where 
the SMAS layer is often thickest. Once removed, excised 
material can be reimplanted in other areas of the nose 
for contour enhancement (e.g., radix, rhinion, or sidewall 
augmentation) or for focal augmentation in areas of exces- 
sive skin thinning. Survival of autologous SMAS grafts is 
generally favorable in the absence of preexisting vascular 
insufficiency. 

Since soft tissue graft survival is dependent upon an 
adequate recipient-site blood supply, autologous soft tis- 
sue grafts may succumb to resorption in patients with vas- 
cular insufficiency such as smokers, diabetics, or those with 
previously devascularized skin. While no autologous soft 
tissue graft is completely immune to resorption, soft tis- 
sue graft survival is generally favorable in healthy patients, 
especially when applied in a single layer to optimize sur- 
face contact with the recipient tissue bed. Blanketing the 
outer surface of the nasal framework with a single layer 
of autologous soft tissue can also smooth minor inden- 
tations, camouflage rough surfaces, and eliminate minor 
edge prominence of cartilage onlay grafts, thereby obviat- 
ing the need for difficult alterations in skeletal contour. 
When performing either primary or revision rhinoplasty, 
all soft tissues removed in the course of surgical dissection 
should be retained in saline for possible reimplantation 
later in the case. 
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EXTERNAL RHINOPLASTY APPROACH 


Surgical exposure for secondary rhinoplasty can be 
achieved via either the external or the endonasal rhino- 
plasty approach. For minor revision procedures, the endo- 
nasal (or “closed”) approach is often preferable, offering 
minimal tissue disruption with less swelling and inflam- 
mation, and a faster return to normalcy. However, the 
endonasal rhinoplasty approach also restricts visibility, 
limits suture fixation of graft tissue, and hampers en bloc 
excision of scar tissue from beneath the nasal skin flap. 
Consequently, despite the requirement for a visible colu- 
mellar incision, the wide-field surgical exposure afforded 
by the external (or “open”) rhinoplasty approach is gen- 
erally preferred for complex secondary rhinoplasty. The 
additional exposure and visibility afforded by the exter- 
nal rhinoplasty approach offers greater surgical exposure, 
increased diagnostic accuracy, and greater ease of suture 
graft fixation, all while preserving an intact vascularized 
epithelial barrier between the surgical field and the nasal 
cavity. Since a carefully repaired transcolumellar inci- 
sion seldom creates an objectionable scar, and since vari- 
ous surgical techniques are precluded with the endonasal 
approach, external rhinoplasty is generally the procedure 
of choice for complex revision nasal surgery. 

In the severely misshapen and previously operated nose, 
normal anatomic landmarks are often heavily distorted 
making subsequent incision placement difficult. Moreover, 
what may seem like appropriate incision placement at the 
onset of secondary surgery may later result in unfavorable 
scar positioning following skeletal augmentation and sub- 
sequent redraping of nasal skin. Consequently, additional 
care must be taken to anticipate the possible migration of 
incision lines and to locate the transcolumellar and mar- 
ginal incisions as close to their correct (original) anatomic 
location as possible. Although the presence of nonana- 
tomic cartilage grafts may make locating the lateral crural 
cartilage remnants difficult, marginal incisions should fol- 
low the caudal border of the lateral crus to avoid unneces- 
sary scar visibility. 

In the previously operated nose with a conspicu- 
ous transcolumellar scar, design and placement of the 
subsequent columellar incision can become an issue. 
Although the goal of surgically eliminating an unsightly 
columellar scar with scar excision is laudable, skin exci- 
sion should be avoided unless copious skin redundancy 
will ensure a tensionless closure after skeletal re-expansion 
is complete. Ironically, skeletal re-expansion will often 
stretch the columellar skin and minimize visibility of 
the existing scar. Moreover, the author has found that 
reusing an unsightly midcolumellar scar for place- 
ment of the subsequent incision can often dramatically 
improve scar appearance when closed with carefully 
everted skin edges. Alternatively, when placing the col- 
umellar incision in previously unoperated columellar 
skin, the incision should be located over the columellar 


double-break—approximately halfway up the columella. 
In addition to providing a narrow segment and thus a 
shorter scar, this location is also partially concealed by 
the junction of two aesthetic nasal subunits. Finally, use 
of the traditional five-cornered “inverted-V” incision 
offers additional scar camouflage similar to a geometric 
broken line-type scar concealment, and optimizes flap 
alignment with an additional reference point relative to 
the alternative stair-step incision. 


SOFT TISSUE SURGICAL TECHNIQUE 


Meticulous and gentle soft tissue technique is essential 
in any rhinoplasty, but especially in revision rhinoplasty 
where nasal tissues are already partially compromised by 
varying degrees of scar and vascular insufficiency. Avoiding 
the use of crushing forceps, prolonged or aggressive tis- 
sue retraction, excessive tissue desiccation, or overzeal- 
ous use of electrocautery will minimize soft tissue trauma 
and limit the release of harmful inflammatory mediators. 
While atraumatic soft tissue technique is recommended 
for all revision rhinoplasty patients, it is particularly 
important in noses with scar-prone skin or substantial 
vascular compromise, since aggressive tissue handling 
may trigger adverse wound-healing responses and ruin 
an otherwise successful reconstruction. Moreover, the 
survival of all free tissue grafts, the prevention of post- 
operative infection, and the viability of any surgically 
manipulated tissue is dependent upon an adequate and 
uninterrupted nutrient blood flow. While all patients suf- 
fer some degree of soft tissue swelling and inflammation, 
gentle soft tissue technique can mitigate surgical inflam- 
mation, minimize lymphedema, and optimize soft tissue 
perfusion—often determining the difference between 
a mediocre surgical outcome and a surprisingly good 
cosmetic result. 
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SURGICAL DECONSTRUCTION OF THE 
PREVIOUSLY-OPERATED NOSE 


Perhaps one of the greatest technical challenges in sec- 
ondary rhinoplasty is surgical deconstruction of the badly 
damaged nose. Deconstruction is the first step in disman- 
tling and exposing the deformed, malpositioned, and/ 
or damaged nasal components prior to surgical recon- 
struction. As a consequence of exposing the misshapen 
nasal framework, deconstruction also greatly enhances 
diagnostic accuracy and frequently leads to critical refine- 
ments in the surgical game plan. However, deconstruction 
is typically a difficult undertaking in the previously oper- 
ated nose, and liberating the malpositioned and/or dam- 
aged cartilage remnants without causing further harm can 
prove extremely challenging in some patients (Fig. 184.8A 
and B). At the very least, the task of elevating the nasal skin 
envelope and exposing fragile cartilage remnants embed- 
ded in scar tissue, all while avoiding injury to the sur- 
rounding nasal lining, is a time-consuming endeavor that 
requires considerable patience and skill. Slow and tedious 
dissection with heavy reliance upon blunt technique is 
often necessary to safely deglove the weakened and dis- 
torted nasal framework. 

During the course of deconstruction, skeletal remnants 
are often observed to have migrated from their intended 
position or to have transformed from their desired shape— 
both an unwanted consequence of scar contracture. 
Surgically induced contracture of the nasal lining not only 
leads to malpositioned and misshapen skeletal remnants, 
it may also result in mucosal adhesions and cartilage fixa- 
tion, further adding to the difficulty of surgical deconstruc- 
tion. Hence, deconstruction often involves lysis of scar 
adhesions to release the entrapped skeletal remnants and 
to permit appropriate repositioning of the displaced carti- 
lage components. 


Figure 184.8 Examples of severe tip cartilage distortion resulting from previous cosmetic rhino- 
plasty. A: Scarred and fragmented tip cartilages prior to deconstruction, and (B) telescoping col- 
lapse of overresected tip cartilages prior to deconstruction. 
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Perhaps the most common example of contracture- 
mediated cartilage distortion is retraction of the alar rim. 
Alar retraction is an unsightly nasal deformity often 
resulting from overexcision of the lateral crus during 
reduction rhinoplasty. When overexcision of the cephalic 
crural border leaves a crural remnant that is too weak 
to resist deformation by scar contracture, the weakened 
lateral crus and the attached alar soft tissues both retract 
cephalically, producing a conspicuous and unsightly 
notching of the nostril (Fig. 184.2B). Aggressive surgi- 
cal excision of the cephalic lateral crus is the basis of the 
cephalic trim maneuver, a traditional but haphazard tip 
refinement technique still in widespread use today. The 
severity of nostril retraction is largely determined by the 
extent of cartilage resection, since a large skeletal void is 
associated with both greater scar contracture and greater 
structural compromise. And despite the strong associa- 
tion of the cephalic trim maneuver with unsightly surgical 
tip deformities, overexcision of the cephalic margin is an 
almost universal intraoperative finding in most complex 
revision rhinoplasty cases. While successful restoration 
of the damaged crural cartilage is usually possible, it is 
frequently difficult or impossible to surgically unfurl the 
contractured and foreshortened epithelial lining. And in 
cases of irreversible scar contracture, composite (chondro- 
cutaneous) grafts are necessary to replace the missing ves- 
tibular epithelium and to buttress the alar margin against 
recurrent retraction. 

Despite the painstaking nature of surgical deconstruc- 
tion, the time spent properly dismantling the nose is well 
worth the investment. Only through a methodical decon- 
struction are the skeletal and soft tissue components fully 
exposed, mobilized, and evaluated in preparation for sur- 
gical reconstruction. However, during the course of decon- 
struction, a number of critical decisions must be made. 
First, the surgeon must decide whether or not to retain 
the severely damaged nasal cartilages. In theory, the use 
of cartilage grafts to augment or replace damaged skel- 
etal tissues can restore structural integrity and produce 
considerable functional and cosmetic enhancements. 
However, as the scope of deconstruction and replacement 
grafting expands, so too does the probability of unfore- 
seen healing aberrations related to surgical inflammation 
and failed revascularization. Skeletal distortion resulting 
from graft resorption, scarring, contracture, or infection 
may taint the final outcome considerably, and the exces- 
sive use of graft material can also lead to a whole host of 
new problems. And since a shapely, rigid, and sturdy neo- 
framework is required for predictable healing, the amount 
and quality of the available replacement tissue also has a 
profound bearing upon this decision. Because appropri- 
ate replacement tissue is sometimes in short supply, stra- 
tegic intraoperative planning is also necessary to utilize 
limited resources wisely and to their best overall advan- 
tage. For this reason, it is generally preferable to decon- 
struct all problem areas of the nose first, before removing 
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existing skeletal elements and allocating replacement tis- 
sues. However, when the existing skeletal elements can- 
not be salvaged by either reshaping or repositioning, 
autologous cartilage grafts become the primary workhorse 
for strengthening, reinforcing, or sometimes completely 
replacing damaged skeletal components. While replac- 
ing or reinforcing critical structural elements with carti- 
lage grafts will always have inherent risks, in the healthy 
individual with ample donor tissue and a robust recipi- 
ent blood supply, the cosmetic and functional benefits 
of structural cartilage grafting usually far surpass any other 
surgical strategy. 

In addition to damaged native nasal tissues, many 
complex revision rhinoplasty patients also present with 
previously placed tissue grafts or implants that may be 
contributing to unwanted functional and/or cosmetic 
deformities. A variety of options for treating unsightly 
grafts or implants are available to the revision surgeon 
including in situ modification by shaving or reposition- 
ing, camouflage, substitution, removal, or combinations 
therein. As part of the deconstruction process, the decision 
whether or not to retain these previously placed materi- 
als must take into account the overall risk-to-benefit ratio 
and the availability of suitable replacement materials. 
However, not all previously placed cartilage grafts should 
be discarded per se. Misshapen or malpositioned grafts that 
have no detrimental external cosmetic impact are often best 
left alone since removal may lead to unwanted external 
contour deformities. Moreover, contour deformities result- 
ing from graft removal are sometimes a consequence of 
scarring and thickness irregularities of the nasal skin flap 
that are frequently very difficult to eliminate. And while 
the removal of unsightly skeletal components may be cos- 
metically justified, aggressive deconstruction of the nasal 
framework can also lead to significant structural instabil- 
ity, potentially opening the door for catastrophic conse- 
quences if the nasal soft tissues are pushed beyond their 
limits. In the severely ravaged nose, soft tissue linings pro- 
vide both vascular and structural support, serving to com- 
pensate for severely weakened skeletal components. The 
result is sometimes a structurally borderline, yet decep- 
tively healthy-looking appendage that belies its fragile and 
tenuous state. Unless the aggregate soft tissues have suf- 
ficient vascular integrity to support skeletal replacement 
grafts and to tolerate the additional stresses associated with 
aggressive surgical deconstruction, a far more conserva- 
tive approach must be adopted intraoperatively to prevent 
potentially catastrophic consequences. Moreover, even in 
the generally healthy nose, aggressive deconstruction of 
the nasal framework results in progressive structural desta- 
bilization and vascular disruption, adding an element 
of unpredictability to the surgical outcome as the nose 
becomes increasingly vulnerable to the vagaries of wound 
healing. Hence, aggressive deconstruction is often a nec- 
essary evil, but one that is justified only when the poten- 
tial benefits are likely to exceed the associated individual 


risks. Moreover, during surgery, the prudent surgeon will 
continually reassess the nasal soft tissues for telltale signs 
of surgical intolerance and will quickly alter the treatment 
plan as conditions dictate. 

Another key decision confronting the revision surgeon 
is how large to make the neo-skeletal framework. Ideally, 
this decision is made early in the course of skeletal decon- 
struction before irreversible alterations to the existing skel- 
etal framework are undertaken. For the overresected nose, 
the cosmetic ideal typically requires substantial skeletal 
enlargement, but the surgeon must weigh the cosmetic 
benefits of a larger and more attractive nasal framework 
against the potential hazards of an overly taut soft tissue 
envelope. Assessing the quality and mobility of the soft 
tissue envelope prior to surgery is paramount since non- 
compliant skin greatly limits skeletal re-expansion. While 
placing healthy elastic skin on stretch can enhance tip 
definition and lead to significant tip refinement, placing 
fibrotic inelastic skin under sufficient tension to improve 
surface contour may potentially impair tissue perfusion 
and lead to ischemic compromise (20). Consequently, 
patients with severely foreshortened noses coupled with 
severely noncompliant skin are best deferred unless skin- 
stretching exercises can adequately improve soft tissue elas- 
ticity. Moreover, in patients with thick inelastic skin and 
weak nasal cartilage, achieving a skeletal framework of suf- 
ficient strength to stretch the noncompliant skin envelope 
can also prove extremely challenging. In fact, the combi- 
nation of thick fibrotic skin and weak central tip support 
is among the most challenging of all revision noses (20). 
In most cases, rib cartilage grafts become the only reliable 
means of creating a neo-framework of sufficient strength 
and rigidity to forcefully stretch, and subsequently thin, 
the dense fibrotic nasal skin. However, because long slen- 
der rib grafts under compressive load are more prone to 
warping, rib grafts are generally fabricated much thicker 
than would be cosmetically ideal. On the other hand, 
assuming cosmetic tolerances will permit a wider nose, the 
surgically distended skin produced by rib grafting often 
results in a more elegant and better-defined nasal contour. 
Nevertheless, due to the increased structural loads car- 
ried by the newly fabricated skeletal framework, coupled 
with the corresponding increase in tension placed upon 
the overlying skin, the risks of inadequate skin perfusion 
and/or skeletal deformation are markedly increased with 
this aggressive treatment strategy (20). And depending 
upon the extent of closing tension, the amount of post- 
operative swelling, and the reliability of the microcircu- 
lation, vascular insufficiency can develop even in young 
healthy patients. While frank skin necrosis is exceedingly 
rare, underperfused tissues can lead to graft resorption, 
wound infection, or wound dehiscence, and extreme care 
must be taken to minimize vascular insults when augment- 
ing the overresected nose. Moreover, a wide and masculine 
nasal contour is sometimes unavoidable when using rib 
cartilage grafts to expand the severely foreshortened nose, 
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and despite the improved profile contour, significant width 
increases may occasionally result in patient dissatisfaction. 

In the event that thick and surgically scarred nasal skin 
fails to accommodate optimal skeletal enlargement, judi- 
cious surgical debulking of the subcutaneous tissues can 
sometimes improve both skin compliance and surface defi- 
nition (20,55). In histologic studies of the thick-skinned 
nose, Garramone et al. (56) observed that extra skin thick- 
ness is derived mostly from hypertrophy of the fibromus- 
cular tissue layer found just beneath the subdermal fat. 
When scarred and thickened from prior surgery, this tis- 
sue layer can greatly inhibit skin elasticity. Because the 
thickened fibromuscular tissue layer—also known as the 
nasal SMAS (57)—can be carefully excised from the nasal 
tip and supratip without damaging the subdermal plexus, 
debulking of the nasal SMAS can greatly reduce skin thick- 
ness while simultaneously improving both skin distensi- 
bility and surface contour (55). 

However, in the surgically scarred nose, SMAS excision 
is a potentially high-risk maneuver that may potentially 
reduce skin flap perfusion in a nose that may already be on 
the verge of vascular insufficiency. While SMAS debulking 
is often performed safely in revision rhinoplasty patients, 
previous surgical scarring may make navigation far more 
challenging, and the added exposure of the external rhino- 
plasty approach is crucial. Possible complications such as 
inadvertent skin perforation or ischemic skin necrosis are 
rare, but these risks are increased in the severely fibrotic 
nose with prior circulatory compromise. Hence SMAS exci- 
sion should be reserved only for patients with a robust 
cutaneous circulation and exceedingly thick, but otherwise 
healthy nasal skin. In patients with nasal skin thickness 
of at least 5 mm, careful SMAS excision can be performed 
in areas where improved distensibility and surface defini- 
tion are desired—usually the tip, supratip, and supra-alar 
sidewalls. In order to maintain a uniform flap thickness 
and avoid injury to the subdermal plexus, the fibromuscu- 
lar SMAS layer is excised en bloc under direct visualization 
using mostly blunt dissection (55) (Fig. 184.9A-C). With 
careful separation of the SMAS layer, the subdermal plexus 
is left largely undisturbed, and the nutrient blood supply to 
the nasal skin is protected—a vitally important step, espe- 
cially if aggressive skin stretching is also planned. However, 
special care must be exercised near the alar groove where 
the primary source of cutaneous blood supply—the lat- 
eral nasal artery—has been shown to enter the subdermal 
plexus (58). 

In contrast to re-expansion of the undersized nose, revi- 
sion of the oversized nose presents an entirely different set 
of surgical issues. While reduction rhinoplasty is often quite 
challenging in its own right, the potential for catastrophic 
vascular insufficiency is comparatively small since redun- 
dant nasal skin is usually generated from skeletal down- 
sizing. As long as the redundant skin envelope shrinks 
promptly and adheres tightly to the smaller and more 
attractive skeletal framework, fibrosis of the subcutaneous 
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En bloc excision of the nasal SMAS in the ultrathick- 
skinned nose. A: Separation of the fibromuscular SMAS tissue from 
the subdermal fat with blunt dissection. B: Elevated SMAS layer 
prior to excision, and (C) excised fibromuscular tissue mass. Cc 


tissues is avoided and a well-defined and more attractive 
nasal contour typically ensues (see Case One). Avoiding 
circumstances that aggravate or prolong postoperative 
edema is particularly important in this patient population, 
since the large dead space predisposes to the formation of 
chronic lymphedema and subcutaneous fibrosis. In fact, 
the overly large nose covered with thick sebaceous nasal 
skin is highly susceptible to the development of dead space 
fibrosis, and the surgical outcome in this scenario is often a 
smaller, yet still unattractive nose. Consequently, it is gen- 
erally preferable to avoid dramatic nasal size reductions in 
the oversized nose with thick, fibrotic nasal skin. Although 
conservative size reductions may produce a nose that is 
still too large for an ideal cosmetic outcome, a better-pro- 
portioned and well-defined (if still somewhat large) nose 
is infinitely preferable to a small, amorphous, and unat- 
tractive one. 


Central Tip Support 


Of all the structural elements impacting nasal tip function 
and aesthetics, perhaps the single most important is central 
tip support. In the naturally stable and well-supported nose, 
central tip support is derived from a complex and inter- 
dependent architectural system consisting of both skeletal 
and soft tissue components. While the paired lower lateral 
cartilages provide the majority of direct tip support, the 
anterior nasal septum also provides considerable (second- 
ary) tip support by undergirding, suspending, and but- 
tressing the adjacent alar cartilage complex. Ligamentous 
interconnections, and the enveloping inner and outer nasal 
linings, also serve to greatly unify and consolidate nasal tip 


support. However, in the overresected nose, central tip sup- 
port is often severely compromised. Disrupted soft tissue 
support mechanisms, combined with overresection of the 
anterior nasal septum, typically lead to decreased tip pro- 
jection and/or excessive tip rotation (4). Moreover, the loss 
of central septal support serves to accentuate the numer- 
ous other ill effects produced by overresection of the alar 
cartilages and/or nasal dorsum (1,4). Indeed, many of the 
unwanted stigmata of cosmetic rhinoplasty either are a 
direct consequence of or are markedly exacerbated by inad- 
equate central tip support. 

Not surprisingly, one of the most important objectives 
in restoration of the overresected nasal tip is reestablish- 
ing satisfactory central tip support. Arguably, the most 
effective method for achieving durable tip support is the 
septal extension graft (SEG)—a structural augmentation graft 
that is used to provide robust skeletal tip support (59-63). 
When available, septal cartilage is the preferred graft mate- 
rial since a thin, flat, and rigid piece of septal cartilage is 
ideally suited to the creation of an effective SEG. Septal car- 
tilage is used preferentially over other graft materials since 
no other autologous tissue can approximate the unique 
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combination of vigorous axial strength, transverse flexibility, 
unobtrusive thickness, and dependable shape retention. 

In reality, the SEG is nothing more than an enlarged 
columellar strut graft that is sutured to the caudal septum 
for added support and stability (Fig. 184.10A-F). When 
minor deviations of the caudal septum are present, the 
extension graft can be sutured to one side of the caudal 
septum (opposite the side of deviation) to improve align- 
ment and to create an overlapping joint of greater stability 
(64). Alternatively, when the caudal septum is midline, an 
end-to-end joint is necessary to prevent misalignment, and 
figure-of-eight sutures are used for graft fixation. However, 
the end-to-end configuration is inherently unstable, and 
extended spreader grafts or splinting grafts are sometimes 
needed to prevent deviation of the graft from midline, par- 
ticularly in the presence of high closing tension. 

Although the SEG is anatomically similar to a traditional 
columellar strut graft, structurally the SEG is considerably 
more powerful, and therefore far more versatile. Unlike a 
conventional columellar strut graft that has no direct con- 
tact with the nasal septum, the SEG is physically joined to 
the caudal septum, becoming a rigid extension of the bony 


Example of SEG placement in primary rhinoplasty. A,B: Carved SEG placed end- 
to-end with the caudal septum. Note how the SEG extends beyond the weak, underprojected tip 
cartilages. C,D: Tip complex after alar cartilages are folded, advanced, and sutured to the distal SEG. 
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(Continued) E,F: Before and after profile views demonstrating improved tip 


support and contour. 


facial skeleton that can forcibly stretch nasal skin to increase 
nasal length and/or tip projection, and thereby dramati- 
cally alter tip location (Fig. 184.11A-D). Owing to the but- 
tressing effect of the contiguous facial skeleton, the newly 
lengthened nasal septum can also resist progressive “shrink 
wrap” contracture of the internal or external nasal lining, 
making the SEG a reliable means of permanently stabiliz- 
ing the re-expanded nasal base. Moreover, the newly created 
anterior septal angle also provides a secure skeletal fixation 
point for resuspension of collapsed and/or displaced alar 
cartilages (Fig. 184.12). By engineering graft dimensions to 
meet the individual cosmetic needs of the patient, the SEG 
can theoretically pinpoint tip position anywhere along the 
lower nose—limited only by the amount and quality of 
donor graft material and the constraints of soft tissue disten- 
sibility. And by custom contouring the caudal border of the 
SEG, profile deformities of the columella such as an overly 
flat or retracted columella can also be eliminated with SEG 
placement (64). Finally, the SEG also compensates for weak- 
ened intercrural ligamentous support commonly disrupted 
with the external rhinoplasty approach. Although a SEG 
fashioned from septal cartilage is preferred, double-layered 
conchal cartilage, or concentric-carved rib cartilage can be 
substituted when septal cartilage is unavailable. 

Unlike the underprojected and foreshortened nose in 
which the SEG is the preferred option for increasing central 
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Schematic illustration showing reexpansion of 
the overresected nasal tip using SEG. A: Nasal tip complex prior 
to rhinoplasty. B: Buckled and collapsed lateral crura following 
overzealous cephalic trim maneuver. C: SEG sutured end-to-end 
to the caudal L-strut. D: Alar cartilages stretched and tightened 
after suspension from distal SEG. E: Placement of alar rim grafts to 
reinforce previously weakened tip complex. 


tip support, in the overly long nose, caudal septal lengthen- 
ing is contraindicated. In fact, for patients presenting with 
the caudal excess nasal deformity, characterized by an over- 
grown (hanging) columella, an obtuse nasolabial angle, 
and a short upper lip, the overgrown septum itself can 
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be used to provide direct central tip support (59,60,65). 
In this special circumstance, the medial crura are sutured 
directly to the caudal septum using a tongue-in-groove set- 
back technique as described by Kridel et al. (66). In addi- 
tion to improving central tip support and conserving graft 
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Revision of the overresected nasal tip with sidewall tensioning. A: Overly short 
nose after overzealous excisional rhinoplasty. B: Counterrotation of lateral crural (remnants) pre- 
vented by fibrous adhesion of cephalic margin (C) sharp lysis of fibrous adhesions to unfurl contrac- 
tured vestibular skin and release retracted lateral crura. D: Improved tip cartilage mobility after lysis 
of fibrous adhesions. E: Placement of SEG to reproject, counterrotate, and tension the lateral crural 
remnants (F) counterrotated and reprojected tip cartilages after fixation to SEG. 
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material, the tongue-in-groove method can also simulta- 
neously correct the triad of characteristic deformities com- 
prising the caudal excess nasal deformity (65). However, 
in cases of extreme caudal overgrowth, the caudal septum 
and/or the nasal spine may require trimming to achieve 
the cosmetically optimal profile configuration, and septal 
trimming must be preplanned in conjunction with septal 
graft harvest in order to avoid excessive narrowing of the 
caudal L-strut. 

The paramount importance of central tip support is 
perhaps best demonstrated in Case Two. In this case, a 
healthy middle-aged female presented 30 years after pri- 
mary rhinoplasty complaining of severe nasal airway 
obstruction. Examination revealed a pinched and under- 
projected nasal tip with thick, fibrotic nasal skin (see 
Case Two). Surgical findings revealed subtotal resection 
of both lateral crura and the complete absence of both 
upper lateral cartilages. Only the anterior nasal septum 
prevented complete structural collapse of the nasal tip. 
While mainstream rhinoplasty techniques favor struc- 
tural replacement grafts to replace the missing upper 
and lower lateral cartilages, this profoundly overresected 
nose was successfully restored using only a SEG to aug- 
ment central tip support. Although nonstructural contour 
grafts, including a shield graft and supratip onlay graft, 
were also used to enhance nasal contour, the placement 
of a SEG permitted a forcible reprojection of the neo-tip 
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(Continued) G: Preoperative lateral view (H) 1-year postoperative lateral view. 


complex and a concomitant resuspension of both the 
previously unsupported vestibular skin and the inelastic 
outer soft tissue envelope. Consequently, despite a com- 
plete lack of skeletal sidewall support, both nasal valve 
patency and external nasal contour were successfully 
restored without structural sidewall grafts, underscoring 
the immense importance of central tip support to nasal 
form and function. The author attributes the favorable 
outcome to the biomechanical phenomenon of sidewall 
tensioning, an extremely useful technique made possible 
by rigid stability of the SEG. By first forcibly reprojecting the 
overresected nasal tip using the SEG, and then stretching 
the unfurled vestibular skin between the fixed piriform 
attachments laterally and the newly stabilized tip com- 
plex medially, both the inner and outer nasal linings were 
tightened or tensioned, much like a tent canvas is tight- 
ened by a large central tent pole. In addition to improved 
aesthetics resulting from increased nasal tip projection, 
improved sidewall tone and resiliency led to a demonstra- 
ble increase in (internal) nasal valve cross-sectional area 
and a corresponding increase in the threshold for inspira- 
tory collapse. 

Despite the theoretical benefits of sidewall tensioning, 
care must be taken to avoid excessive sidewall tension since 
excessive structural loads may exceed central tip support 
and lead to buckling or deviation of the septal/SEG com- 
plex. In extreme circumstances, such as a naturally weak 


nasal septum or severely noncompliant nasal skin, extended 
spreader grafts are required to increase axial rigidity and 
prevent distortion caused by unavoidably high compressive 
loads (59,61-63,67). Whenever possible, tensioning forces 
should also be equally distributed between the right and left 
side to prevent unbalanced horizontal forces from displacing 
the SEG. 


Lateral Tip Support 


While sidewall tensioning alone may not always elimi- 
nate the need for additional structural grafting, as demon- 
strated above, a tensioned nasal sidewall greatly improves 
baseline soft tissue tone and rigidity relative to a lax or 
collapsed nasal sidewall, even when the lateral crural 
cartilage has been completely excised. Moreover, when a 
residual strip of crural cartilage is present, tensioning of 
the crural remnant further enhances structural support 
and may potentially obviate the need for structural graft- 
ing altogether (Fig. 184.11A-E) (see Case Three). Indeed, 
sidewall tensioning is a near universally applicable tech- 
nique for treating and/or preventing lower nasal sidewall 
collapse that is equally effective in both revision and pri- 
mary rhinoplasty. 

However, among traditional treatment options for 
sidewall collapse, the lateral crural strut graft (LCS graft) 
has long been the therapeutic gold standard. Originally 
described by Gunter and Friedman (68), the LCS graft is 
a long strip of autologous cartilage sutured to the under- 
surface of the lateral crus (or the lateral crural remnant) 
for permanent splinting of the collapsed crural segment. 
Indications for the LCS graft include treatment of alar rim 
retraction, alar rim collapse, concavity of the lateral crus, 
and lateral crural recurvature—deformities that are com- 
monly encountered in the overresected nose. Septal car- 
tilage is typically the preferred graft material, but conchal 
or rib cartilage grafts are used in cases of septal cartilage 
depletion, while rib cartilage is preferred by some sur- 
geons for its extra rigidity. In modest deformities, the LCS 
graft is approximately the same length as, or shorter than, 
the lateral crus. However, when used to correct severe alar 
collapse, alar retraction, or cephalic malposition of the 
lateral crus, the LCS graft must be elongated to extend 
beyond the lip of the piriform aperture for added skeletal 
support (68). 

Although the LCS graft is generally effective at eliminat- 
ing external contour deformities associated with sidewall 
collapse (33,59,68), the sheer bulk and weight of some 
LCS grafts may reduce internal nasal valve patency and/ 
or lower the threshold for inspiratory collapse (1,33). 
Moreover, the mass effect associated with large structural 
grafts, particularly LCS grafts that extend beyond the piri- 
form aperture, may result in effacement of the superior alar 
crease and/or unpleasant sensations with smiling or other 
facial movements (Personal observation). 
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Although structural grafting is unavoidable in some 
patients, limiting bulk within the lower nasal sidewall 
is of paramount importance, particularly in the natu- 
rally narrow nose where slit-like nasal valves are already 
predisposed to inspiratory collapse. Since the lateral 
crus has an average thickness of only 0.7 mm (39,40), 
some structural augmentation grafts, particularly those 
fashioned from conchal or rib cartilage, may add con- 
siderable thickness and bulk to the lower nasal sidewall. 
For example, the minimum natural thickness of conchal 
cartilage is approximately 1.9 mm (45), which is nearly 
three times the thickness of the lateral crus. Depending 
upon the positioning, rigidity, weight, and thickness of 
the graft material, structural augmentation grafts may 
improve alar contour, but they may also reduce the 
cross-sectional area of the nasal valve and/or lower the 
threshold for dynamic nasal valve collapse. Fortunately, 
the requirement for bulky structural augmentation grafts 
can be reduced or even eliminated by tensioning the 
nasal sidewall, a complementary technique that raises 
the threshold for internal nasal valve collapse with- 
out adding the weight, bulk, or mass of structural graft 
material. Indeed, stretching the lateral crural remnant 
between two fixed points not only increases baseline 
rigidity, it also serves to flatten, straighten, and stiffen 
a buckled or retracted crural remnant, thereby mini- 
mizing or eliminating crural concavity, recurvature, or 
cephalic retraction—structural benefits analogous to 
those achieved with the LCS graft (Figs. 184.11A-E and 
184,12A-G). 

While sidewall tensioning is worthwhile in virtually any 
case of lower sidewall laxity, the need for structural aug- 
mentation grafts cannot always be eliminated with tension- 
ing alone, and an individualized and graduated approach 
to sidewall reconstruction is still required. In severe cases, 
the goal of avoiding excessive bulk or airway encroachment 
and simultaneously achieving adequate sidewall tone 
and contour is best achieved by aggressive tensioning of 
the nasal sidewall followed by the judicious and step-wise 
application of thin, yet rigid augmentation grafts—but 
only when tensioning fails to provide adequate structural 
support. Enhancing structural support while limiting graft 
volume not only optimizes airway patency, it also facili- 
tates a more delicate and refined nasal tip contour, which 
better suits the aesthetic preferences of the typical revision 
rhinoplasty patient. 

One the most common problems encountered in revi- 
sion of the overresected nasal tip is cephalic retraction of 
the alar rim following an overzealous cephalic trim pro- 
cedure. The severity of iatrogenic alar retraction varies 
widely, ranging from mild to severe, with the worst defor- 
mities arising in patients having both a congenitally high- 
riding alar rim and naturally weak alar cartilage, in which 
aggressive cephalic resection was followed by severe scar 
contracture (Fig. 184.2B). In the previously operated nose 
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with severely contractured and/or missing vestibular skin, 
satisfactory release and repositioning of the lateral crural 
remnant is rendered impossible, and auricular (chondro- 
cutaneous) composite grafts are necessary to augment the 
deficient inner lining, and to physically buttress the alar 
margin against recurrent retraction (46,47). In contrast, 
the LCS graft remains the gold standard for correction of 
stubborn alar retraction in the absence of deficient nasal 
lining. However, a large percentage of revision rhinoplasty 


Alar rim grafts. A: Alar rim graft fabricated from 
autologous septal cartilage. B,C: Lateral and basal views of alar rim 
grafts after suture fixation to tip complex. D: Dissection of intra- 
cutaneous alar rim skin pocket. E: Insertion of grafts into alar rim 
skin pockets. 
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cases present with mild to moderate alar retraction and no 
significant lining deficiencies. Often these lesser deformi- 
ties will respond favorably to a combination of sidewall 
tensioning and alar rim grafts, thereby obviating the need 
for traditional structural grafts. 

The alar rim graft is a long, narrow cartilage graft that 
is placed (nonanatomically) in a precise pocket dissected 
along the alar rim (69,70) (Fig. 184.13A-E). Although 
diminutive in size, the alar rim graft provides increased 


stability against lobular pinching and/or mild alar retrac- 
tion (59,69,70). Alar rim grafts typically extend from the 
nasal dome medially to the mid ala laterally, and can be 
fashioned from septal, conchal, or costal cartilage donor 
material. Edges should be beveled to optimize graft cam- 
ouflage and grafts wider than 3 to 4 mm are seldom nec- 
essary. Owing to the diminutive size and (nonanatomic) 
placement away from the internal nasal valve, airway 
impingement is avoided and external valve rigidity is 
greatly increased. 

Treatment of mild alar retraction with alar rim grafts 
is enhanced by concomitant sidewall tensioning, which 
serves to tighten and straighten the lateral crural remnant 
and to oppose upward displacement of the alar rim. Suture 
fixation of the alar rim graft (medially) to the underlying 
tip complex is a helpful modification that stabilizes graft 
position to further buttress the nostril rim against cephalic 
displacement (Fig. 184.13B and C). In the previously oper- 
ated nose, it is usually necessary to first unfurl the unsup- 
ported and contractured vestibular skin by disrupting all 
scar adhesions that prevent caudal repositioning of the 
crural remnant (Fig. 184.12A-D). If contracture release 
fails to permit appropriate repositioning of the crural rem- 
nant, structural augmentation grafts such as the LCS graft 
or the chondrocutaneous composite graft must be used to 
stabilize the repositioned crural remnant and to prevent 
recontracture. 

Although alar rim grafts are often necessary in the previ- 
ously operated nose, the small graft size reduces the demand 
for large amounts of donor cartilage. Consequently, a 
healthy and untouched quadrangular septum can usually 
provide enough graft material for fabrication of both a SEG 
and bilateral alar rim grafts. And by using nasal sidewall 
tensioning to initially stabilize and tighten the lateral cru- 
ral remnants, coupled with alar rim grafts to reinforce the 
nostril rim against cephalic scar contracture, a large num- 
ber of complex tip revisions can be effectively managed 
without any need for extranasal graft material. In addition 
to avoiding the time, expense, and potential side effects 
associated with the harvest and placement of extranasal 
structural grafts, septal donor cartilage offers the additional 
advantage of a structurally sound, yet characteristically del- 
icate and slender tip contour, better suited to a narrow and 
refined nasal aesthetic (see Case Four). 

Although sidewall tensioning is easiest when the (ten- 
sioned) crural length coincides exactly with optimal tip 
projection, sidewall tensioning can be accomplished in 
virtually any nose by first altering crural length to accom- 
modate overprojected or underprojected alar cartilages. 
Alterations in crural length can be achieved through a 
host of conventional rhinoplasty techniques including 
the lateral crural steal technique for the underprojected 
tip (71), the lateral crural overlay or vertical lobule divi- 
sion technique for the overprojected tip (72,73), and the 
tongue-in-groove technique for both the over- and the 
underprojected tip (66). In conjunction with tensioning 
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of the crural remnants, conventional suture techniques 
such as dome sutures, crural spanning sutures, or crural 
flattening sutures can also be used to further refine alar 
cartilage contour, while simultaneously preserving cru- 
ral volume and further reducing dependence upon large 
structural grafts. Unlike the cephalic trim approach, these 
tissue-sparing techniques are not predicated upon further 
narrowing of the lateral crus, and the residual structural 
integrity of the alar cartilage is fully preserved. Finally, 
a variety of nonstructural cartilage grafts are also com- 
monly needed to optimize nasal tip contour, symmetry, 
and alignment in the previously operated nose. A discus- 
sion of the myriad strategies used for tip grafting used 
in cosmetic rhinoplasty is far beyond the scope of this 
chapter, but primary rhinoplasty grafting techniques are 
equally effective in revision nasal surgery, and contour- 
ing grafts are routinely used to finesse the final cosmetic 
outcome. 


REVISION OF THE SURGICALLY- 
DEVASTATED NASAL DORSUM 


In a survey of 104 consecutive patients seeking revision 
rhinoplasty, Yu et al. (74) found cosmetic imperfections 
of the nasal dorsum to be the second-most common aes- 
thetic concern prompting revision nasal surgery, surpassed 
only by nasal tip asymmetry. Perhaps the most devastat- 
ing dorsal deformity prompting revision rhinoplasty is 
overresection of the nasal dorsum, a preventable techni- 
cal error that may profoundly disrupt nasal bridge aes- 
thetics. Depending upon both the extent and location of 
overresection, unsightly contour deformities may involve 
the bony upper vault, the cartilaginous middle vault, or 
the entire nasal bridge. Unlike the rigid bony dorsum that 
tends to resist deformation from soft tissue scarring, the 
comparatively soft and pliable cartilages of the middle 
vault are particularly susceptible to pinching and collapse 
from progressive scar contracture. Even when dorsal hump 
reduction avoids profile overresection, loss of (dorsal) sep- 
tal width can lead to curvature or deviation of the dorsal 
septum, collapse or pinching of one or both upper lateral 
cartilages, or combinations therein. Proactive measures to 
augment and stabilize middle vault architecture are gen- 
erally effective in avoiding such problems, but are often 
neglected at the time of primary rhinoplasty. Moreover, sig- 
nificant functional disturbances are also a common mani- 
festation of nasal bridge deformities. Depending upon 
the extent of dorsal overresection and the length of the 
middle vault, symptoms may range from a mild cosmetic 
irregularity with minimal functional disturbance to a pro- 
found nasal deformity with near-total airway obstruction 
(Fig. 184.14). 

Although the middle vault is considerably more suscep- 
tible to postsurgical scar contracture, overaggressive reduc- 
tion of the bony nasal vault may also lead to conspicuous 
cosmetic deformities that are especially difficult to treat. 
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Figure 184.14 Postsurgical collapse of the nasal dorsum with 
severe functional impairment. 


In addition to an underprojected and scooped bony profile, 
overaggressive reduction of the bony pyramid also leads to 
a widened and washed-out bony dorsum on frontal view. 
Variations of this characteristic appearance develop when 
faulty lateral osteotomies result in collapse, deviation, 
and/or comminution of one or both nasal bones. When 
combined with the wide natural variation in nasal bone 
morphology, a virtually limitless array of postsurgical bony 
vault deformities are possible, and the smooth, symmet- 
ric, and tapered configuration of a naturally elegant nasal 
bridge can be exceedingly difficult to recreate. Augmenting 
the overresected nasal dorsum such that the newly aug- 
mented segment seamlessly transitions with the underlying 
bony vault is indeed a formidable challenge, particularly 
when the underlying bony platform is also asymmetric and 
requires nasal bone repositioning. However, realignment of 
the asymmetric or deviated bony vault is a common aspect 
of revision rhinoplasty, and osteotomies are often essential 
for complete upper vault restoration. Alternatively, camou- 
flage of bony irregularities with onlay grafts may also yield 
the appearance of a straight and attractive bony contour in 
some patients, and may be preferable to the unpredictabil- 
ity of widespread skeletal destabilization. 


Osteotomies 


Surgical modification of the bony pyramid is a challeng- 
ing facet of primary rhinoplasty that often leads to patient 
dissatisfaction and revision nasal surgery. While some 
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postsurgical bony deformities are easily corrected, severe 
bone deformities may prove extremely challenging, often 
in part due to instability from previous surgery. Even a 
seemingly simple task such as removing a residual bony 
hump or straightening a bony deviation may prove surpris- 
ingly difficult due to previous osteotomies and the poten- 
tial for unpredictable bone behavior. 

In general, the use of blunt-force osteotomies to modify 
bony architecture is more challenging in patients with a 
history of previous hump removal or previous nasal trauma 
since preexisting osteotomy or fracture lines can unexpect- 
edly separate, collapse, or fragment with high-impact tech- 
niques. For that reason, low-impact alternatives are often 
less destabilizing and thus far more predictable. For resec- 
tion of a residual bony hump or for smoothing of persis- 
tent dorsal surface irregularities, powered instrumentation 
such as a powered sagittal saw or powered reciprocating 
rasp (Stryker Instruments, Kalamazoo, MI) offers greater 
precision and less risk of excessive bone destabilization 
(75) (Fig. 184.15A and B). Powered instrumentation also 
facilitates sculpting of the bony vault that can eliminate 
minor bony asymmetries and potentially obviate the need 
for blunt-force osteotomies altogether (75). While powered 
instrumentation can improve accuracy and minimize bone 
destabilization, heat generated from powered instruments 
may increase bony callus formation. Callus formation is 
typically more common in adolescents and young adults, 
particularly males and athletic individuals. If left untreated, 
callus formation may sometimes progress to permanent 
osteogenesis and bony contour deformity. All patients at 
increased risk for callus formation should be advised about 
the possible need for long-term adjuvant treatment using 
low-dose triamcinolone injections. Although stubborn 
cases of callus formation may require prolonged serial 
injections, long-term results are usually satisfactory as long 
as treatment is not discontinued prematurely. 

Although lateral osteotomies may behave unpredictably 
in the previously operated nose, revision lateral osteoto- 
mies are frequently unavoidable. Because nasal osteotomy 
sites or fracture lines heal slowly and initially by fibrous 
union, these areas of persistent bone weakness create a 
potential “path of least resistance” making it more diffi- 
cult to control osteotome movement and to avoid opening 
previous osteotomy sites or fracture lines. Hence, caution 
should be exercised when performing revision osteoto- 
mies upon previously treated or previously fractured nasal 
bones. By the same token, individuals with brittle nasal 
bones—particularly the elderly—are also at increased risk 
for comminution from blunt-force osteotomies. In gen- 
eral, aggressive bone manipulation should be approached 
cautiously in the older patient since severe bone disruption 
may be compounded by lackluster healing responses and 
excessive narrowing or collapse of the bony vault. Because 
osteotome misdirection and excessive bone disruption are 
both accentuated by dull instrumentation, the use of a 
wet-stone-sharpened osteotome is recommended for all 
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Figure 184.15 Removal of small bony hump using powered sagittal saw via the external rhino- 
plasty approach. A: Small bone shaving prior to complete hump removal. B: Smooth polished dor- 
sum following hump removal with powered sagittal saw. 


lateral osteotomies to improve osteotome control and 
minimize unwanted bone disruption. And while lateral 
osteotomies are sometimes indispensable, aggressive 
destabilization of the previously operated bony nasal pyr- 
amid is generally best avoided unless the potential ben- 
efits clearly outweigh the associated risks. 

Perhaps the most common manifestation of the over- 
resected nasal dorsum is the inverted-V deformity. The 
inverted-V deformity is produced by a conspicuous width 
discrepancy arising between the middle and upper nasal 
vaults following excessive hump removal. After exces- 
sive loss of dorsal height, the comparatively stable bony 
vault tends to remain wide, whereas the cartilaginous 
middle vault tends to collapse and pinch. The resulting 
step-off deformity produces a characteristic upside-down 
V-shaped shadow along the bony-cartilaginous junc- 
tion from which the deformity derives its peculiar name 
(Figs. 184.3 and 184.14). Treatment of an inverted-V 
deformity arising from dorsal overresection inevitably 
involves augmentation grafting to restore lost dorsal 
height (see Cases three and five). However, while the 
inverted-V deformity is a near-universal sequela of exces- 
sive hump removal, inverted-V-type shadowing of the 
dorsum can also occur even after a conservative hump 
reduction where dorsal height remains appropriate. The 
formation of an inverted-V deformity despite adequate 
dorsal height is often due to failed lateral osteotomies 
and a persistent bony “open roof” deformity. In this 
circumstance, treatment involves either narrowing the 
overly wide bony vault to match the slender middle vault 
(i.e, close the “open roof” deformity) or augment- 
ing the middle vault with spreader grafts to restore lost 
septal width. However, a combination of both methods 
is frequently most effective in achieving a uniform and 
attractive nasal dorsum while also optimizing the func- 
tional outcome. Patients at greatest risk for postsurgical 


deformities of the middle vault are those with short nasal 
bones and long slender noses, since the cartilaginous 
framework is disproportionately long, thin, and pliable. 
Prophylactic spreader grafts or equivalent measures such 
as upper lateral cartilage turn-in “spreader” flaps are rec- 
ommended in high-risk patients at the time of primary 
rhinoplasty to reduce the likelihood of nasal bridge defor- 
mities and the subsequent need for revision surgery. 


Dorsal Augmentation 


Treatment of the overresected nasal dorsum is predicated 
upon restoring optimal dorsal height, as well as satisfactory 
contour, symmetry, and alignment. Successful dorsal res- 
toration will produce a slender nasal bridge with smooth, 
parallel, and uninterrupted brow-tip aesthetic lines indicat- 
ing a harmonious and attractive dorsal contour (59). In the 
absence of internal airway deformities, successful dorsal aug- 
mentation will also expand the nasal airway and produce a 
corresponding improvement in nasal airflow. In noses with 
overresection of the entire nasal dorsum, reconstruction 
is often achieved with simultaneous augmentation of the 
upper and middle vaults using a single augmentation graft 
spanning the entire nasal bridge. The choice between a con- 
chal cartilage graft, a rib cartilage graft, a composite osseo- 
cartilaginous rib graft, or a semisolid (diced) cartilage graft 
varies according to the defect size, the need for structural 
rigidity, patient acceptance, and surgeon preference. In dor- 
sal defects limited to 1 to 3 mm in depth, conchal cartilage 
can provide a satisfactory dorsal augmentation (see Case 
Three), but for larger dorsal defects, only rib cartilage can 
provide sufficient graft volume (see Case Five). When solid 
graft materials are chosen, proper three-dimensional graft 
contour is critical. In addition to a smooth and natural outer 
contour, the graft undersurface must be carefully sculpted 
to precisely complement the recipient dorsal topography. 
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Without a precise reciprocal interface to optimize surface 
contact and stability, the probability of graft displacement, 
mobility, and/or warping is greatly increased, particularly 
when using solid rib cartilage. Presoaking of the rib in 
saline, concentric carving of the rib cartilage, and avoid- 
ance of long thin cartilage constructs also help to prevent 
warping of the solid rib cartilage. 

Perhaps the most reliable solid graft construct is the 
composite osseocartilaginous rib graft, which utilizes a 
large bone-on-bone interface to eliminate graft migration 
and warping (34,35). Osseocartilaginous grafts are har- 
vested from the bony-cartilaginous fusion of the sixth to 
eleventh ribs, in order to restore the corresponding natu- 
ral tissue constituents of the overresected nasal dorsum. 
To achieve an optimal reciprocal interface, powered instru- 
ments are used to create a flat recipient bed and to flatten 
the undersurface of the composite graft. Once the outer 
graft surface is sculpted to the desired three-dimensional 
contour, fixation is achieved using a percutaneous K-wire, 
which is removed in the office 1 week later. Owing to the 
large, raw bone-on-bone contact area and the secure initial 
immobilization provided by the K-wire, solid bone fusion 
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is promptly established and long-term clinical outcomes 
are largely free of resorption, migration, or warping 
(34,35). Cosmetic results are favorable as long as the graft 
dovetails smoothly without overhangs, step-offs, or other 
contour imperfections. However, as with the traditional rib 
graft, excessive thinning of the cartilage component may 
lead to an increased incidence of postoperative warping. 
An alternative method of dorsal augmentation is the 
diced cartilage-temporalis fascia (DC-F) graft (52,53). This 
semisolid construct is created by encasing 0.5- to 1.0-mm 
cubes of finely diced autologous cartilage in a sleeve of 
temporalis fascia to create a malleable yet durable dorsal 
augmentation graft (Fig. 184.16A and B). Depending upon 
the length and thickness of the skeletal defect, the DC-F 
graft can be used to augment either a portion of the nasal 
bridge or the entire nasal dorsum. Although the graft has 
limited structural rigidity, several key advantages make this 
an attractive alternative to the traditional solid graft con- 
struct. Perhaps the most important advantage is the mal- 
leable nature of the graft, which automatically conforms to 
contour irregularities of the underlying skeletal platform. 
Often minor irregularities of the skeletal platform can be 
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Figure 184.16 DC-F graft fabrication. A: Finely diced 1.0-mm cubes of autologous cartilage. 
B: Temporalis fascia sheath sewn around tuberculin syringe. C: Diced cartilage prior to injection into 
fascial sheath. D: DC-F graft prior to implantation. 


camouflaged with the DC-F graft, creating the illusion of 
a straight and slender dorsum while avoiding unneces- 
sary destabilization of the bony vault. Because the DC-F 
graft also provides a smooth and seamless interface with 
the surrounding nasal skeleton, grafts can be virtually any 
length or height without fear of migration, warping, or vis- 
ible edge prominence. Even relatively small grafts used for 
radix augmentation blend seamlessly with the adjacent 
nasal dorsum without warping or step-off deformities. 
Despite rigorous sectioning of the donor cartilage, DC-F 
grafts have also shown excellent durability with no clini- 
cal or histologic evidence of resorption despite follow-up 
intervals of up to 7 years (52,53,76). In fact, owing to the 
clinical reliability of the DC-F graft, overcorrection is dis- 
couraged since volume loss is rare. However, long-term 
graft survival is contingent upon proper processing, since 
crushing, morselizing, or bruising of the cartilage is associ- 
ated with partial necrosis and eventual loss of graft volume 
(77,78). Although the DC-F graft lacks structural rigidity 
that is typically required to lengthen a foreshortened nose, 
in patients with adequate skin elasticity, the DC-F graft 
may be combined with a SEG and extended spreader grafts 
to simultaneously increase dorsal height and nasal length. 
The growing incidence of large dorsal defects, combined 
with a corresponding increase in the number of graft- 
depleted patients, makes the DC-F graft an attractive and 
reliable treatment option for augmentation of the overre- 
sected nasal bridge. 


Spreader Grafts 


In patients with an attractive and symmetric bony vault and 
a satisfactory nasal profile; unsightly frontal deformities of 
the middle vault can still develop from isolated curvature 
and/or deviation of the dorsal septum. Inward collapse or 
pinching of one or both upper lateral cartilages can also 
create or aggravate middle vault deformities despite a sat- 
isfactory profile. Septal and upper lateral cartilage deformi- 
ties are also a common element of more extensive dorsal 
deformities. Patients with long slender noses and/or short 
nasal bones are at greatest risk for postsurgical deformities 
of the middle vault following cartilage hump resection, 
since middle vault cartilages tend to be long, thin, and dis- 
proportionately weak. 

In the absence of profile irregularities, treatment of 
middle vault deformities most often involves spreader 
graft placement. However, bilateral size-matched spreader 
grafts are not indicated in every patient, and a graduated 
and individualized approach to spreader graft place- 
ment is essential. Frequently, unilateral or partial-length 
spreader grafts achieve the best surgical results, and careful 
analysis is needed to properly individualize the treatment 
strategy. When using the external rhinoplasty approach, 
submucosal pockets are created along the dorsal septum 
for spreader graft insertion and suture fixation is per- 
formed at both ends of the graft for secure stabilization. 
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The thickness, length, and number of spreader grafts 
typically vary according to individual anatomic needs, but 
the goal is always the same: mirror-image symmetry, sagit- 
tal alignment of the dorsum, and cosmetically appropriate 
width of the middle vault. For C-shaped curvatures of the 
dorsal septum, a single spreader graft, preferably with a 
reciprocal C-shaped curve, can be used to straighten and 
strengthen the dorsal septum while adding negligible 
width to the middle vault. In cases of middle vault pinch- 
ing (with or without septal curvature), bilateral spreader 
grafts are often used to restore middle vault width and to 
augment septal support. Typically, partial-length spreader 
grafts are placed bilaterally, immediately below the bony- 
cartilaginous junction, to eliminate step-off deformities 
and prevent inverted-V-type shadowing. Depending upon 
the width requirements, grafts fashioned from septal 
cartilage can be used for mild to modest width deficien- 
cies, whereas considerably thicker grafts can be fashioned 
from conchal or rib donor cartilage to accommodate 
larger defects. For cases of sagittal deviation or canting of 
the dorsal septum, conventional septoplasty techniques 
can sometimes restore sagittal alignment after release of 
the upper lateral cartilage remnants. In stubborn cases, 
spreader grafts are sometimes needed to realign and/or 
camouflage misalignment of the dorsal septum (79). 
However, misalignment of the cartilaginous septum is 
sometimes due to deviation of the vertical ethmoid plate, 
and blunt fracture of the vertical ethmoid bone is needed 
in this scenario to adequately mobilize and reposition 
the dorsal septum. When blunt repositioning of the verti- 
cal ethmoid bone fails to provide a stable septal realign- 
ment, a spreader graft can be extended cephalically and 
placed beneath the nasal bone (on the side of deviation) 
to permanently “shim” the central ethmoid complex and 
maintain midline positioning. When reconstructing the 
pinched middle vault, suture reattachment of the col- 
lapsed upper lateral cartilages is recommended to restore 
middle vault width and stability, and to prevent recurrent 
upper lateral cartilage collapse and pinching. In patients 
with distal canting of the dorsal septum, the use of clock- 
ing sutures can also be helpful to realign and further stabi- 
lize the dorsal septum (79). 

Although spreader grafts are unquestionably the work- 
horse of middle vault reconstruction, graft survival is 
predicated upon a robust recipient blood supply, which 
is sometimes lacking in the middle vault—an area that 
is often predisposed to vascular insufficiency following 
minor tissue disruption. Despite secure fixation of the graft, 
minimal disruption of the septal mucoperichondrium, and 
gentle soft tissue dissection, spreader graft resorption may 
develop in susceptible individuals leading to persistent 
middle vault deformity. Patients with saddle nose deformi- 
ties arising from trauma, autoimmune vasculitis, or chronic 
cocaine abuse are at particular risk for resorption of middle 
vault cartilage grafts, as are smokers, diabetics, and patients 
with other forms of microvascular disease. 
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The adage “as goes the septum, so goes the nose” 
attests to the difficulty of straightening a nose without 
first straightening the nasal septum. While traditional 
(endonasal) septoplasty techniques are often successful at 
straightening moderate deformities of the L-strut, conven- 
tional techniques may prove inadequate for the treatment 
of severe telescoping or accordion-type septal deformi- 
ties. In these comparatively rare and challenging cases, 
extracorporeal septoplasty is often needed to achieve a 
satisfactory long-term realignment of the L-strut (80-83). 
Extracorporeal septoplasty involves elevating mucoperi- 
chondrium from both sides of the quadrangular septum 
and surgically removing the entire cartilaginous septum, 
leaving only a small remnant at the keystone area for later 
reattachment. Following cartilage explantation, the septal 
Partition is subdivided along fracture lines and/or spurs to 
obtain flat segments that can be used to rebuild the outer 
septal partition. Cartilage fragments are then painstak- 
ingly reassembled and sutured in a mosaic-like configura- 
tion to produce a flat, uniplanar L-strut replacement graft. 
Permanent autologous scaffolding, such as septal cartilage or 
ethmoid bone, has been traditionally used to splint the frag- 
ile construct for added structural support, but the advent of 
resorbable polydioxanone (PDS) plate (Mentor Worldwide, 
LLC, Johnson & Johnson, Inc., New Brunswick, NJ) has 
become a popular and effective alternative for temporary 
(implantable) splinting of the reconstructed septal L-strut 
(80-82). Once assembled, the flat PDS-reinforced L-strut 
is reinserted into the mucosal pocket and sutured to the 
nasal spine and keystone area for improved septal contour, 
structural support, and airway patency. Although dramatic 
improvements in skeletal alignment are often the result of 
extracorporeal septoplasty, saddle-type deformities may 
occasionally result if the mucoperichondrium fails to 
adequately reperfuse the reimplanted cartilage. Although 
uncommon, saddling has been observed following the 
use of unperforated PDS plate for septal splinting, presum- 
ably since it more effectively blocks revascularization of 
the reimplanted septal cartilage (82). No cases of saddling 
were observed following unilateral application of the thin- 
ner, perforated version of the PDS plate, suggesting that 
this modification of PDS is more conducive to prompt car- 
tilage revascularization. In either case, the use of bilateral 
PDS plate is discouraged since near-complete isolation of 
the reimplanted cartilage greatly increases the risk of isch- 
emic resorption. 


AFTERCARE 


The conclusion of surgery marks the beginning of the 
recovery process. And while recovery is generally benefi- 
cial for nearly all patients, the speed, extent, and quality of 
the healing process varies widely among individuals and is 
often frustratingly slow. Monitoring the healing process and 
treating wound-healing derangements is a crucial aspect of 
revision rhinoplasty that may substantially improve the 
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final outcome. Yet despite its importance, postoperative 
care is frequently neglected, opening the door for healing 
aberrations such as subcutaneous scarring, callus forma- 
tion, or scar contracture, any of which may taint the final 
outcome. And while some patients require nothing more 
than periodic assessment to confirm appropriate healing, 
for others, regular intervention with appropriate adjuvant 
therapy is required to optimize the cosmetic and/or func- 
tional result. Indeed, for a small percentage of secondary 
rhinoplasty patients, a well-executed surgical procedure 
will fail to reach its full potential without appropriate and 
prolonged aftercare, and potential barriers to aftercare such 
as travel, work, school, etc. should be reconciled prior to 
surgery. 

For many revision rhinoplasty patients, postsurgical 
monitoring and care is a long-term commitment that may 
last up to several years. However, it is in the first few hours 
after surgery that aftercare can have its biggest and most 
beneficial impact. From the moment the last suture is 
tied, aggressive efforts to mitigate soft tissue swelling and 
inflammation should commence, as it is far easier to avoid 
adverse tissue responses than to eliminate them. 

One of the most effective ways to minimize soft tissue 
edema is with gentle wound compression. The applica- 
tion of a traditional cinch dressing, followed by uniform 
compression of the nasal dorsum with a padded alumi- 
num splint, serves to gently compress the outer soft tissue 
envelope and minimize extracellular fluid accumulation. 
Splinting also serves to maintain nasal alignment and to 
protect the unstable nasal framework in the early days 
following surgery. In the same manner, internal nasal 
packing placed within the nasal cavity serves to support 
and tamponade the nasal tissues from within. By tightly 
packing the nasal vestibule with malleable packing mate- 
rial, the nasal tip is firmly compressed from both inside 
and out, and subcutaneous dead space in the lower nose 
is largely eliminated. Elimination of surgical dead space 
is particularly important in the thick-skinned nose since 
accumulation of blood beneath the skin flap often leads 
to subcutaneous fibrosis and unwanted skin thickening. 
It is also critically important to secure the compression 
dressing well in advance of extubation, since precipi- 
tous blood pressure elevations may occur during emer- 
gence from anesthesia. Under normal circumstances, 
the external nasal bandage is maintained for 1 week 
postoperatively, but the intranasal packing can be safely 
discontinued the following day as the threat of subcuta- 
neous oozing has typically resolved. While the applica- 
tion of a compression dressing beyond 1 week may seem 
logical, extended application of the external bandage is 
generally counterproductive since progressive irritation 
and inflammation of the nasal skin usually offsets any 
potential benefits of prolonged nasal compression. For 
this same reason, the bandage is occasionally removed 
prematurely when contact dermatitis threatens to pro- 
duce severe excoriation and blistering of the nasal skin. 


Although considerable debate continues regarding the 
need for nasal packing, the cosmetic benefits derived 
from immediate tamponade of the nasal tip are gener- 
ally well worth the transient discomfort associated with 
overnight packing. 

In addition to an external nasal splint, bilateral septal 
splints fashioned from thin silicone sheets are also occa- 
sionally beneficial in supportive aftercare. Patients with 
nasal bridge instability resulting from extracorporeal sep- 
toplasty, aggressive osteotomies, severe skeletal trauma, 
or weak nasal cartilages often benefit from silicone splints 
placed high in the anterior nasal cavum to support the 
unstable middle vault framework. Low-profile septal 
splints, secured with a single anterior transfixion suture, 
can buttress the dorsum from below and greatly benefit 
the weak or unstable nasal framework until fibrous con- 
solidation increases. Septal splints also help to maintain 
a straight nasal septum and to minimize septal swelling. 
Patients at increased risk for synechiae may also benefit 
from septal splints, which prevent raw mucosal surfaces 
from making contact. When placing septal splints, care 
must be taken to avoid septal necrosis from overtightening 
of the transfixion suture. 

Another essential tool for reducing ecchymosis, edema, 
and inflammation is the immediate and continued appli- 
cation of ice. Although the nasal splint initially insulates 
most of the nose from the direct beneficial effects of ice, 
cooling of the adjacent soft tissues can greatly curtail swell- 
ing, bruising, and inflammation of the surrounding face, 
including the nose. In addition to continuous elevation 
of the head to 45 degrees (or higher) and placement of a 
damp cloth to prevent hypothermic skin injury, applica- 
tion of finely crushed ice over the nasofacial grooves, inner 
canthi, and glabella is maintained continuously for at least 
24 hours after surgery, beginning in the operating room 
(Fig. 184.17). Aggressive application of ice is encouraged 
for all patients for the first 72 hours since inflammation 
and swelling are most likely to increase during the first 
3 days following surgery. After 72 hours, prolonged inter- 
mittent application of ice is encouraged for all patients, but 
continued aggressive application of ice is strongly recom- 
mended for patients with thick nasal skin and those prone 
to excessive bruising or scarring. Although the application 
of ice is most beneficial in the first few days following sur- 
gery, ice can be useful to minimize transient nasal swelling 
for several weeks following revision rhinoplasty, and ice is 
particularly beneficial to control rebound edema following 
splint removal. While the application of ice often becomes 
tiresome, the frequent and prolonged application of ice 
can greatly improve the final cosmetic outcome, especially 
in patients prone to prolonged edema and subcutaneous 
scarring. 

In addition to the proactive measures described above, 
patients should be advised to avoid all activities that 
exacerbate swelling or delay the resolution of edema. 
Prolonged recumbent posture, exercise, strenuous activity, 
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Figure 184.17 Continuous postoperative cooling using a surgi- 
cal glove filled with crushed ice over a damp washcloth. 


valsalva, high salt intake, and nasal sunburn should all be 
carefully avoided until acute nasal swelling subsides—usu- 
ally not less than 6 weeks for patients with thin or inter- 
mediate skin thickness and longer for patients with heavy 
skin. While these restrictions are often unpopular with 
patients eager to resume their previous lifestyle, support- 
ive measures provide an important but transient oppor- 
tunity to eliminate acute edema and avoid subcutaneous 
scarring. Hence, missing this brief window of opportunity 
in exchange for a few weeks of unrestricted activity is an 
unwise trade-off in the long run, and patients must be 
continually reminded about the necessity of these vitally 
important restrictions. 

While medically supervised aftercare is a critical aspect 
of revision rhinoplasty, inevitably the postoperative heal- 
ing process yields a few unwelcome surprises. Typically, 
this takes the form of transient nasal asymmetry and/ 
or contour misalignment resulting from a swollen and 
increasingly taut soft tissue envelope. Since swelling is sel- 
dom symmetric, especially when the surgical procedure 
may have required asymmetric tissue disruption, tempo- 
rary disturbances in alignment and symmetry are common 
in the weeks and months following a complex revision rhi- 
noplasty. While often disconcerting to the patient, minor 
asymmetries resulting from soft tissue inflammation and 
edema usually resolve spontaneously, and patient reassur- 
ance is appropriate. Initiation of topical nasal steroid spray 
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(Fluticasone) as soon as the nasal lining is fully intact, 
typically 2 weeks following surgery, will also help to speed 
the resolution of edema and inflammation and safely 
eliminate minor asymmetries. Compressive taping of the 
nasal bridge can also be used in conjunction with nasal ste- 
roids to eliminate swelling of the dorsum or supratip soft 
tissues. Hypoallergenic paper tape is placed firmly across 
the swollen area and is worn overnight, and the tape is 
gently removed after soaking to minimize skin irritation or 
skin displacement. 

As with soft tissue swelling, transient contracture of 
the skin envelope may also result in temporary distortion 
of the nose. Often this problem is most noticeable in the 
nasal base where linear contracture of the vestibular inci- 
sion lines can lead to discrepancies in nostril shape or 
columellar contour. In addition to topical nasal steroids, 
insertion of soft nostril stents to dilate and stretch the 
skin incisions for several hours each day can lead to con- 
siderable improvement in nasal base contour and sym- 
metry. Asymmetries of the dorsum and widening of the 
bony vault are also common problems after lateral oste- 
otomies, particularly in younger patients who are highly 
susceptible to lateralization of the nasal bones from 
periosteal contracture. Often the nasal bones are prop- 
erly aligned upon bandage removal, only to be displaced 
weeks later by periosteal scar contracture. To prevent per- 
manent widening or asymmetry of the bony vault, nasal 
compression exercises are instituted until the bony vault 
narrows and stabilizes. Compression exercises involve the 
application of firm bilateral pressure directed toward 
the midline using the index fingertips placed just above 
the lateral osteotomy site. Firm pressure is maintained for 
10-second intervals and is repeated five times each day as 
tolerated. 


Low-Dose Steroid Injection 


Since minor imperfections arise in nearly all patients and 
since these annoying problems generally resolve with time, 
conservative treatment, reassurance, and close monitoring are 
appropriate in the early weeks after surgery. However, despite 
prudent measures to contain surgical inflammation, a small 
number of patients—often those with thick, sebaceous nasal 
skin—will develop a vigorous and sustained inflammatory 
response. In the worst case scenario, uncontrolled inflam- 
mation may result in permanent cosmetic distortion and/or 
airway impairment from scarring or contracture. And while 
postoperative steroid injections may potentially diminish 
the inflammatory response, early intervention and sustained 
treatment is paramount even at the risk of localized steroid 
side effects. Fortunately, most patients do not develop a fulmi- 
nant inflammatory response and can be managed effectively 
with topical nasal steroid spray (Fluticasone or equivalent) 
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alone. However, even mild inflammation can lead to 
permanent soft tissue fibrosis if allowed to persist long 
enough, and additional treatment with injectable steroids 
is generally beneficial in any case of prolonged swelling. 

In general, all patients with thick or intermediate skin 
thickness should be considered at risk for dead space fibrosis 
and permanent skin thickening, particularly following mul- 
tiple prior surgeries. Although conservative treatment mea- 
sures such as compression dressings, topical steroid sprays, 
taping, stenting, and massage are effective for the majority 
of primary rhinoplasty patients, the previously operated 
nose is far more susceptible to prolonged edema by virtue 
of cumulative circulatory impairment. Of all the adjunctive 
treatment measures available for controlling postsurgical 
swelling and edema, by far the most effective, yet also the 
most hazardous, is injection with triamcinolone acetonide, 
commonly known by its brand name Kenalog (Bristol- 
Myers Squibb Co., Princeton, NJ). When injected into the 
subcutaneous tissues, this long-acting synthetic glucocorti- 
coid acts to reduce soft tissue edema and prevent dead space 
fibrosis. However, in susceptible patients this powerful anti- 
inflammatory agent may also result in dermal thinning, fat 
necrosis, cartilage graft resorption, localized infection, or tel- 
angiectasias. Unwanted side effects are more common when 
administered at full strength, or at frequent and prolonged 
intervals, but side effects can occur even at low doses in sus- 
ceptible patients, particularly when administered soon after 
surgery. Fortunately, adverse reactions are uncommon at a 
starting dose of 5 to 10 mg/mL diluted in 1% lidocaine con- 
taining a 1:100,000 concentration of epinephrine, and small 
volumes of 0.05 to 0.1 mL are generally effective. In addition 
to minimizing injection site discomfort, the admixture of 
lidocaine with epinephrine also serves to minimize dispersal 
of triamcinolone from the targeted site. Because triamcino- 
lone is typically slow-acting, assessment of the therapeutic 
response is delayed for a minimum of 4 weeks, at which 
time the initial dose can be repeated (if necessary) and/or 
carefully titrated to the desired effect. However, particular 
care should be exercised when treating callus formation in 
the thin-skinned rhinoplasty patient. Restricting the start- 
ing dose to 5 mg/mL and waiting 6 weeks before assessing 
the therapeutic response is recommended for thin-skinned 
patients who are at greater risk for the unwanted side effects 
of dermal thinning and telangiectasias. In general, triam- 
cinolone treatment is also best avoided in the first 2 to 
3 months following surgery to prevent erosion of autolo- 
gous tissue grafts, unless severe fibrosis, contracture, and/or 
callus formation are threatening. In stubborn cases, repeated 
monthly injections are necessary before a sustained clinical 
improvement is achieved. Although low-dose triamcinolone 
injection is a useful adjunct in the actively healing nose, 
timely intervention is paramount since triamcinolone has 
little benefit in the fully healed nose. 
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Case Presentation One—“Completion Rhinoplasty” 


Brief Case History 

A healthy young female presents with a “bumpy,” 
asymmetric, and oversized nose, 10 years after primary 
reduction rhinoplasty (see Fig. 184.19A-F). On fron- 
tal view, the bony vault is flat and asymmetric with lat- 
eral deviation of the left nasal bone. The middle vault 
is overly wide and both supra-alar creases are absent. 
The lobule is pinched, and the right ala is larger than 
the left. On profile, the tip is significantly overprojected 
and the nasolabial angle is overly obtuse. The dorsum 
is also overprojected, particularly in the middle vault. 
On oblique view, protrusions of the upper and middle 
vaults disrupt the dorsal line. On base view, the nose 
is markedly overprojected and the columellar pedes- 
tal is exceedingly wide. The caudal septum is partially 
obstructing the left nostril opening. The endonasal exam 
reveals deviation of the caudal septum into the left nasal 
vestibule, but the remaining septum is midline. No other 
endonasal pathology is observed. External revision rhi- 
noplasty using septal and/or conchal cartilage grafts was 
recommended and performed. 


Surgical Findings 

Using the external rhinoplasty approach, the residual 
nasal framework was degloved. Healthy but malpo- 
sitioned medial crura were encountered bilaterally, 
and the left alar cartilage was divided 2 mm below the 
dome. Both lateral crura were embedded in fibrous scar 
tissue and numerous blue monofilament sutures were 
removed from the tip and infratip. Large cephalic resec- 
tions were noted bilaterally, with greater tissue excision 
from the right lateral crus. Crural width measured 6 mm 
on the right and 8 mm on the left, and both cartilages 
were buckled and malpositioned. 


Surgical Steps (Fig. 184.18) 


1. The nasal skeleton is degloved via the external 
approach. 

2. The alar cartilage remnants are degloved and 
numerous blue monofilament sutures are removed 
from the tip and infratip. 

3. The medial crura are degloved, and the distal 5 mm 
of cartilage (i.e., the footpods) are excised. Copious 
fibrous scar tissue is debulked from within the colu- 
mella. 

4. The membranous septum is divided, and the caudal 
septum and nasal spine are exposed. 

5. The posterior septal angle and the nasal spine are 
trimmed approximately 3 mm. 


6. Bilateral mucoperichondrial flaps are elevated over 
the caudal septum and lower % of the quadrangular 
cartilage. 

7. Septal graft material is harvested with L-strut preser- 
vation. 

8. The medial crura are advanced inferiorly/posteriorly 
and sewn to the caudal septum (“tongue-in-groove” 
setback) to decrease tip projection and reduce naso- 
labial angle fullness. 

9. The middle vault is degloved to reveal intact upper 
lateral cartilage/septal cartilage complex. 

10. The upper lateral cartilages are sharply divided 
from the dorsal septum using a no. 15 blade, and 
after reflecting the overlying mucoperichondrium, a 
4-mm pollybeak deformity is resected with straight 
Iris scissors. 

11. A tapered (2 mm) resection of the bony hump is 
performed using a powered sagittal saw. Edges are 
rounded using a powered reciprocating rasp. 

12. Bilateral (medial and lateral) osteotomies are per- 
formed to narrow the bony vault. 

13. The upper lateral cartilages are sutured to the dorsal 
septum with running 5-0 vicryl. 

14. A SEG is sewn to the right side of the caudal septum 
with 5-0 PDS to reproject and counterrotate the 
nasal tip position. 
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Figure 184.18 Rhinoplasty worksheet for case presentation 
one. 


Footpods excised 
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Case presentation one. A-F: Preoperative frontal, lateral, oblique, and basal views. 
G-L: Corresponding postoperative views. 
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(Continued) 
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(Continued) 


15. The medial crura are sutured to the caudal margin 
of SEG. 

16. A shield graft is sutured to the infratip lobule with 
5-0 PDS. 

17. The domes are divided vertically, and both lateral 
crura are shortened by 8 mm at their cut edges. The 
lateral crural stumps are then folded upon themselves 
and sewn to the lateral shield graft with 5-0 PDS. 

18. A paradomal cephalic excision is performed bilater- 
ally to eliminate supratip fullness. 

19. Lateral crural spanning sutures are placed bilaterally 
to flatten the lateral crural remnants. 

20. Asmall batten graft is used to fill a concavity of the 
right crural cartilage. 
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21. Alar rim grafts are placed bilaterally (15 x 3 mm). 

22. The subcutaneous pocket is irrigated with saline. 

23. The skin is closed and an aluminum splint is 
placed. 


Surgical Outcome 

The postoperative nasal contour reveals a smaller, 
more symmetric, and more attractive nasal contour 
(see Fig. 184.19G-L). Despite deprojecting the nasal 
tip and markedly downsizing the skeletal framework, 
airway patency is preserved using sidewall tensioning 
to stretch and stiffen the overresected lateral crural 
cartilages. 


Case Presentation Two—Restoration of Central Tip Support 


Brief Case History 

A healthy middle-aged female presented complaining of 
severe bilateral nasal airway obstruction and a pinched 
nasal tip. The past surgical history was remarkable 
for reduction rhinoplasty more than 30 years earlier. 
Physical examination revealed a pinched and under- 
projected nasal tip, and flaccid collapse of both nasal 
sidewalls (Fig. 184.20A-D). Palpation of the outer skin 
envelope revealed thick skin with moderate skin elas- 
ticity. Anterior rhinoscopy revealed a midline septum, 
inferior turbinate hypertrophy, swollen nasal mucosa, 
and bilateral nasal valve obstruction secondary to flaccid 
sidewall collapse. Palpation of the quadrangular septum 
revealed firm septal cartilage throughout. Surgical treat- 
ment with an external nasoseptal reconstruction using 
autologous septal cartilage and submucous resection 
of the inferior turbinates was recommended and per- 
formed. 


Surgical Findings 

Using the external rhinoplasty approach, the residual 
nasal framework was degloved. Healthy and intact 
medial crura were encountered bilaterally, but 95% of 
both lateral crural cartilages and 100% of both upper 
lateral cartilages were missing. The entire nasal septum 


including the dorsal septum, anterior septal angle, and 
quadrangular septum were fully intact. 


Surgical Steps (Fig. 184.21) 


1. The nasal skeleton is degloved via the external 
approach. 

2. The membranous septum is sharply divided and 
bilateral mucoperichondrial flaps are elevated over 
the caudal septum and lower % of the quadrangular 
cartilage. 

3. Septal graft tissue is 
preservation. 

4. An SEG (30 x 15 mm) is sutured to the caudal sep- 
tum with three figure-of-8 sutures to project and 
counterrotate nasal tip position. 

5. The medial crura are sutured to leading edge of SEG 
with 5-0 monocryl (percutaneous) transfixion sutures. 

6. A shield graft is sutured to the infratip lobule with 
5-0 PDS sutures. 

7. The contractured vestibular skin is unfurled after 
lysis of adhesions. 

8. The vestibular skin is stretched medially/anteriorly 
and sutured to the lateral shield graft. 


harvested with L-strut 
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Case presentation two. A-D: Preoperative frontal, lateral, oblique, and basal 


views. 
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(Continued) E-H: Corresponding postoperative views. 
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9. A tapered middle vault onlay graft is sutured to 
the underlying septum to correct the small saddle 
indentation created by projection of the collapsed 
nasal tip. 

10. Nasal SMAS is excised from beneath the supratip 
skin for improved soft tissue distensibility. 

11. A cartilaginous hump (1 mm) is shaved with a no. 
15 blade. 

12. A small bony hump is eliminated with the power 
rasp obviating the need for lateral osteotomies. 

13. The subcutaneous pocket is irrigated with saline. 

14. The skin is closed, and an aluminum splint is 
placed. 


Surgical Outcome 

The postoperative nasal contour reveals improved 
tip projection and elimination of lobular pinching 
(Fig. 184.20E-H). In addition to a favorable cosmetic 
result, internal nasal valve collapse and airway dysfunc- 
tion were also eliminated without structural grafting of 
the nasal sidewalls. 
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Figure 184.21 Rhinoplasty worksheet for case presentation 
two. 


Case Presentation Three—Overresected Tip and Dorsum 


Brief Case History 
A healthy young female presents 1 year after primary 
thinoplasty complaining of nasal airway obstruction, 
a “pinched” nasal tip, and an overresected nasal bridge 
(Fig. 184.22A-D). Examination revealed a conspicuous 
inverted-V deformity and marked underprojection of the 
thinion, both consistent with overresection of a dorsal 
hump. The tip was markedly overrotated and pinched, 
and pinching was more severe on the right side. The col- 
umella was tilted to the right and a well-healed scar was 
visible at the mid columella. The nasal septum was mid- 
line and the quadrangular cartilage was fully intact to 
palpation. The inferior turbinates were hypertrophic. 
An external nasoseptal reconstruction with septal and 
conchal cartilage grafts, and bilateral submucous turbi- 
nectomies was recommended and performed. 


Surgical Findings 

Using the external rhinoplasty approach, the residual 
nasal framework was surgically degloved. Overprojected, 
overrotated, and collapsed alar cartilages were encoun- 
tered bilaterally. The right alar cartilage was previously 
divided vertically at the dome, and the intermediate 
crura were splayed by large amounts of fibrous scar tis- 
sue. The cephalic margin was also absent from both 
lateral crura and the crural remnants were retracted 
cephalically. Lysis of scar adhesions was necessary to free 
the crural remnants and permit caudal repositioning. 
Crural width measured 8 mm bilaterally, but both carti- 
lages were buckled and malpositioned. 


Surgical Steps (Fig. 184.23) 


1. The nasal skeleton is degloved via the external 
approach. 

2. The alar cartilage remnants are degloved, and 
fibrous scar tissue is excised from the infratip lob- 
ule. 

3. Cephalic adhesions of the lateral crura are lysed to 
permit caudal repositioning of the crural remnants. 

4. The membranous septum is divided, and the caudal 
septum and nasal spine are exposed. 

5. Bilateral mucoperichondrial flaps are elevated over 
the caudal septum and lower % of the quadrangular 
cartilage. 

6. Septal graft material is harvested with L-strut preser- 
vation. 

7. The middle vault is degloved to reveal overresection 
of the dorsal septum and upper lateral cartilages 
with pinching of the middle vault. 

8. The nasal bones were degloved to reveal a short and 
overresected bony vault with bilateral open-roof 
deformities. 

9. A fusiform-shaped conchal graft is fashioned from 
donor cartilage measuring 35 x 20 mm. The graft is 
bivalved longitudinally. 

10. Submucosal pockets are developed on both sides of 
the dorsal septum, and the folded conchal “butter- 
fly” graft is placed over the cartilaginous and bony 
septum at the rhinion and secured with 4-0 PDS 
mattress sutures. 
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Case presentation three. A-D: Preoperative frontal, lateral, oblique, and basal 
views. 
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(Continued) E-H: Corresponding postoperative views. 


11. Additional dorsal augmentation was achieved with 
a narrow septal cartilage onlay graft (with beveled 
edges) sutured atop the conchal butterfly graft. 

12. Bilateral (medial and lateral) osteotomies are per- 
formed to narrow the bony vault. 

13. The upper lateral cartilages are sutured to the outer 
butterfly graft with 5-0 Vicryl. 

14. An SEG (septal cartilage) is sewn to the caudal sep- 
tum in an end-to-end configuration using 4-0 PDS 
figure-of-8 sutures to lengthen the nose and coun- 
terrotate the nasal tip. 

15. The medial crura are sutured to caudal margin of 
SEG with 5-0 Monocryl percutaneous transfixion 
sutures. 

16. A double-layered shield graft is sutured to the 
infratip lobule with 5-0 PDS for additional tip 
counterrotation. 

17. The domes are divided vertically, and both lateral 
crura are shortened by 5 mm at their cut edges. The 
lateral crural stumps are then folded upon them- 
selves, advanced anteriorly, and sewn to the lateral 
shield graft with 5-0 PDS sutures to tension the col- 
lapsed and twisted lateral crural remnants. 

18. A paradomal cephalic excision is performed bilater- 
ally to eliminate supratip fullness produced by lat- 
eral crural advancement. 

19. Alar rim grafts are placed bilaterally (15 x 3 mm). 

20. The subcutaneous pocket is irrigated with saline. 

21. Theskin is closed, and an aluminum splint is placed. 


Chapter 184: Revision Rhinoplasty 


Surgical Outcome 

The postoperative contour reveals restoration of dorsal 
height with elimination of the inverted-V deformity and 
elimination of lobular pinching and tip overrotation 
(Fig. 184.22E-H). Nasal airway obstruction was also 
eliminated. 
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Figure 184.23 Rhinoplasty worksheet for case presentation 
three. 


Case Presentation Four—Revision of the Narrow Nose 


Brief Case History 

A healthy young female presents 6 months after revision 
rhinoplasty complaining of nasal airway obstruction, a 
pinched nasal tip, and nasal asymmetry (Fig. 84.24A-D). 
The operative report from the primary rhinoplasty 1 
year earlier described placement of bilateral lateral cru- 
ral (onlay) “batten grafts” (harvested from the nasal 
septum) for treatment of lateral crural concavities. A 
second operative report from revision surgery performed 
3 months later described removal of the batten grafts 
and placement of an interdomal suture. Frontal exami- 
nation revealed a pinched lobule, flared and retracted 
nostrils, and a widened middle vault with effacement 
of the supra-alar creases. On profile examination, the 
columellar double-break was flattened and a persistent 
rhinion hump was noted. Anterior rhinoscopy revealed 
deviation of the caudal and quadrangular septum to 
the right side, constriction of both internal valves, and 
hypertrophy of the inferior turbinates. A membranous 
septum was palpable in the posterior—inferior aspect of 


the quadrangular cartilage. An external nasoseptal recon- 
struction with autologous septal cartilage and bilateral 
submucous inferior turbinectomies were recommended 
and performed. 


Surgical Findings 

Using the external rhinoplasty approach, the residual 
nasal framework was surgically degloved. The alar car- 
tilage remnants were noted to be malpositioned, lacer- 
ated, and asymmetric (Fig. 184.25A and B). The left alar 
cartilage was divided vertically at the dome and again 
at the mid lateral crus, while the right alar cartilage 
remained in continuity with a vertical laceration of the 
right middle crus. The cephalic margin was missing from 
both lateral crura, and residual crural width measured 
approximately 8 mm, bilaterally. Despite the missing 
quadrangular cartilage from previous septal graft har- 
vest, a 30 x 15 mm septal cartilage graft was removed 
from the upper quadrangular septum while preserving a 
10- to 12-mm septal L-strut. 
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Case presentation four. A-D: Preoperative frontal, lateral, oblique, and basal 
views. 
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(Continued) E-H: Corresponding postoperative views. 
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Figure 184.25 Intraoperative photos for case presentation four. A,B: Exposure of misshapen and 


torn alar cartilages. 
Surgical Steps (Fig. 184.26) 


1. The nasal skeleton is degloved via the external 
approach. 

2. The membranous septum is sharply divided and 
bilateral mucoperichondrial flaps are elevated over 
the caudal septum and lower % of the quadrangular 
cartilage. 

3. Septal graft tissue is harvested with L-strut preserva- 
tion. 

4. Septal flaps are reapproximated with 5-0 monocryl 
quilting sutures. 

5. The nasal dorsum is degloved with blunt and sharp 
dissection. 

6. The upper lateral cartilages are sharply divided from 
the intact dorsal septum, and a tapered 1.5 mm 
(submucosal) cartilaginous hump is resected. 

7. A powered reciprocating rasp is used to remove the 
bony hump and create a straight dorsal profile. 

8. A 25 x 4 mm (septal cartilage) spreader graft is 
inserted into a right submucosal pocket beside the 
dorsal septum and sutured at both ends with 4-0 
PDS mattress sutures. 

9. The upper lateral cartilages are sutured to the dorsal 
septum with 4-0 PDS mattress sutures. 

10. Medial and lateral osteotomies are performed to 
narrow the bony vault and close the open roof. 

11. An SEG (25 x 12 mm) is sutured to the caudal sep- 
tum with three figure-of-8 sutures to project and 
counterrotate nasal tip position. 

12. The medial crura are sutured to the leading edge of 
SEG with 5-0 monocryl (percutaneous) transfixion 
sutures. 

13. A shield graft is sutured to the infratip lobule with 
5-0 PDS sutures. 

14. The domes are divided vertically, and both lateral 
crura are shortened by 5 mm at their cut edges. The 
lateral crural stumps are then folded upon themselves 
and sewn to the lateral shield graft with 5-0 PDS. 


15. A cap graft is fashioned from septal cartilage and 
sewn atop the lateral crural stumps with 5-0 PDS. 

16. Fibromuscular tissue removed from the tip and 
infratip is placed over the lateral crura for contour 
enhancement. 

17. A right paradomal trim is performed. 

18. An alar rim graft is fashioned from septal cartilage 
and secured in a left intracutaneous pocket. 

19. The subcutaneous pocket is irrigated with saline. 

20. The skin is closed, and an aluminum splint is 
placed. 


Surgical Outcome 

The postoperative nasal contour reveals a slender, femi- 
nine, and attractive nose (Fig. 184.24E-H) with normal 
airway function. 
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Figure 184.26 Rhinoplasty worksheet for case presentation 
four. 
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Case Presentation Five—Revision of the Severely Collapsed Nose 


Brief Case History 

A healthy young female presents 18 months after severe 
nasal trauma complaining of severe nasal obstruction 
and a wide, flat, and crooked nasal vault. Four weeks 
prior to injury, the patient underwent reduction rhino- 
plasty for treatment of a wide nose with severe airway 
obstruction. Preoperative photos reveal a naturally wide 
nose with adequate tip projection and a pseudo-hump 
from a deep radix (see Fig. 184.28A—D). Severe deviation 
of the caudal septum is seen on basal view. Postoperative 
photos reveal overresection of the rhinion, deprojec- 
tion of the nasal tip, and significant additional widen- 
ing of the tip and dorsum (see Fig. 184.28E-G). Upon 
presentation 18 months after injury, frontal examination 
revealed a splayed and scoliotic nose with impaction of 
the bony vault, pronounced rightward deviation of the 
dorsal septum, and a wide, amorphous nasal tip (see Fig. 
184.28H-K). On profile examination, conspicuous loss 
of dorsal, tip, and columellar projection were evident, 
while the basal view revealed a severely underprojected 
nose with widening and impaction of the caudal septum. 


Surgical Findings (see Fig. 184.29) 

Using the external rhinoplasty approach, the residual 
nasal framework was surgically degloved. Small medial 
crural remnants were present in the columella, but 
approximately 90% of the lateral crura were missing and 
the remnants were noted to be embedded in scar tissue 
and malpositioned (see Fig. 184.29A-C). Numerous 
scar adhesions were lysed to unfurl the contractured 
vestibular skin. Upon degloving of the middle vault, 
the dorsal septum was found avulsed from the nasal 
bones, partially collapsed into the nasal cavity, and canted 
approximately 30 degrees to the right of midline. The cau- 
dal septum was deviated approximately 90 degrees from 
sagittal and was protruding into the right nasal passage. 
Accordion-type collapse of the left upper lateral cartilage 
was also observed, but the bony dorsum revealed no sig- 
nificant evidence of surgical or traumatic alteration. 


Surgical Steps (Fig. 184.27) 


1. The nasal skeleton is degloved via the external 
approach. 

2. The alar cartilage remnants are degloved, and the 
contractured vestibular skin is unfurled with lysis of 
scar adhesions. 


3h, 


4. 


10. 


Diced rid cartilage 
wrapped in temporalis 
fascia onlay graft 
(DC-F graft) 


Caudal septal 
replacement graft 
(solid rib cartilage) 


Figure 184.27 Rhinoplasty worksheet for case presentation 


five. 


. A4 x5 cm piece of deep temporalis fascia is har- 


The entire cartilaginous septum, including the 
L-strut, is removed for donor graft material. 

A 5-cm segment of full-thickness cartilage was har- 
vested from the right fifth rib via an inframammary 
fold incision. 

Concentric rib carving is used to create a 3.5 x 1.2 
cm columellar strut graft. 

The strut graft is notched at its base and sutured 
to the nasal spine with 4-0 PDS figure-of-8 suture 
passed through a transverse drill hole. 

A 2.0 x 0.7 cm (dorsal) septal replacement graft 
was also fabricated from concentric carved rib 
cartilage. 

The septal replacement graft was sutured to the 
upper lateral cartilages at the K-area and to the colu- 
mellar strut to reconstitute the L-strut. 


vested from the right temporal scalp. 

Initially using a 3.0 syringe, and then a 1.0 mL 
syringe as templates, the temporalis fascia is sewn 
into a tapered cylinder measuring 4.0 cm in length. 
The proximal end is sewn shut. 


Dorsal septal 
_ replacement graft 
(solid rib cartilage) 


Previously 
excised alar 
cartilage 


Severely fragmented 
and deformed septal 


cartilage removed @) 


DC-F Augmentation 
graft 


Vestibular skin 
excised to correct 


peatdal septal staging alar rim 


7) &! replacement graft 


Drill hole through nasal 
spine for graft fixation 
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D 


Case presentation five. A-D: Frontal, lateral, oblique, and basal views prior to 


primary rhinoplasty. 
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Figure 184.28 (Continued) E-G: Frontal, lateral, and oblique views 1 month after primary rhino- 
plasty performed elsewhere. 
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(Continued) H-K: Frontal, lateral, oblique, and basal views 18 months after blunt 
trauma and prior to revision rhinoplasty. 
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(Continued) 
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(Continued) L-Q: Corresponding postoperative views 6 weeks following rib graft 


reconstruction. 
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Cc B 


Intraoperative photos for case presentation five. A-C: Severe disruption and scar- 
ring of the remnant nasal cartilages. 


11. The remaining rib and septal cartilage is diced into 16. A gentle compression dressing and aluminum 
1.0 mm* cubes and used to fill the fascial cylinder splint are placed. 
with diced cartilage. 

12. The DC-F onlay graft is inserted into a precise sub- 
cutaneous pocket overlying the nasal dorsum and 
lower glabella and positioned using percutaneous 
guiding sutures. 

13. The medial crural remnants and vestibular skin are 
advanced anteriorly and sewn to the columella strut 
graft with a 5-0 PDS suture. 

14. The subcutaneous pocket is irrigated with saline. 

15. The nasal skin is closed under moderate tension 
and measured tip projection increased by 12 mm. 


Surgical Outcome 

The postoperative contour reveals the restoration of dor- 
sal and tip projection with a corresponding reduction 
in nasal width (Fig. 184.28I-M). Smooth and attractive 
dorsal lines are achieved with diced cartilage wrapped in 
temporalis fascia, while tip contour was restored using 
concentric-carved solid rib cartilage. Nasal airway dys- 
function was also eliminated. 
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The Aging Forehead 


Kian Karimi 


Addressing the upper third of the face is an important 
component of facial rejuvenation. For many patients, 
descent of the eyebrows leads to exacerbation of periocular 
aging, which is inadequately treated with blepharoplasty. 
Without correction of eyebrow ptosis, the aging face often 
conveys fatigue and even anger. Forehead rejuvenation 
procedures have been utilized with increasing frequency 
over the last several decades. The forehead lift, or the “face- 
lift of the upper third,” is an essential tool in providing a 
harmonious rejuvenation in patients. 


As examined in a recent review by Matros et al. (1), 
changes in eyebrow position and shape with aging have 
been described and refined for the past four decades. Some 
of the earliest descriptions of brow lifting date back to 1919 
as described by Passot, Hunt, and Lexer (2). Vinas is cred- 
ited for noting the difference between static and dynamic 
rhytids and importantly recognized that treatment would 
differ between the two types, including the necessity to free 
adhesions over the orbital rims to mobilize and elevate the 
brows. An important development in brow lifting occurred 
in 1992 with the first description of the endoscopic tech- 
nique (3). Despite multiple modifications of the brow lift 
trending toward less invasive approaches purporting lower 
complication rates and higher patient acceptability, a recent 
review by Cilento and Johnson of over 1,000 coronal or 
trichophytic brow lifts demonstrated extremely high rates 
of patient satisfaction with an acceptably low complication 
rate including no permanent motor nerve dysfunction. 


The forehead represents the upper third of the face and can 
be divided into vertical fifths as well, yielding five aesthetic 
subunits: the central forehead, lateral temporal units, and 


Peter A. Adamson 


the brows. The lower anatomic boundaries include the 
supraorbital rim, nasal root, and bony zygomatic arches. 
The supraorbital rim is usually the landmark by which 
brow ptosis is measured. The trichion and natural hair- 
lines represent the upper limit. Perhaps the most impor- 
tant division of forehead anatomy lies on either side of the 
temporal line, which divides the temporal regions from the 
forehead and intersects with the peak of the brow in both 
men and women. 

Branches of the external and internal carotid arteries 
provide the blood supply to the forehead. The external 
carotid artery provides the superficial temporal artery and 
subsequent zygomaticotemporal branch, which supply the 
temple region and lateral forehead. The internal carotid 
artery supplies the midforehead via branches of the oph- 
thalmic artery, the supratrochlear artery medially, and the 
supraorbital artery laterally, typically 2.5 cm lateral to the 
midline (Fig. 185.1). 

Sensation is provided by the supraorbital and supra- 
trochlear nerves, which are branches of the trigeminal 
nerve (V). The supratrochlear nerve exits the orbit, along- 
side the artery, and travels through the medial corrugator 
supercilii, providing sensation to the medial forehead. The 
supraorbital nerve exits the superior orbit through a fora- 
men along the rim in nearly 90% of patients but can also 
exit the orbit through a foramen up to 1.5 cm above the 
orbital rim (4). Laterally, sensation is provided by the lac- 
rimal (V1), zygomaticofacial (V2), and auriculotemporal 
(V3) nerves. Motor innervation is provided exclusively by 
the notoriously fragile temporal branch of the facial nerve. 

The temporal branch exits the parotid gland and courses 
superiorly from a point 1.5 cm below the external auditory 
canal, crosses the zygomatic arch approximately 2.5 cm 
(0.8- to 3.5-cm range) anterior to the auditory canal, 
and runs superomedially toward the frontalis muscle but 
remains 2 cm posterior to the lateral bony orbital rim. 
This nerve can be reliably predicted by its relation to what 
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Figure 185.1 Vessels and nerves of the fore- 
head. The major arterial and sensory innervation 
is through the supraorbital vessels and nerves. 
They arise about 2.5 cm from the midline. The 
temporal branch of the facial nerve is the most 
functionally significant. 


is known as the cephalic or “sentinel vein,” running just 
superficial to this vessel. The temporal branch remains 
just deep to the temporoparietal fascia and runs within 
the substance of this fascia, which is continuous with the 
superficial musculo-aponeurotic system (SMAS) inferiorly. 

The forehead is an extension of the scalp and thus con- 
sists of the same layers, which, from superficial to deep, 
are the skin, subcutaneous tissues, galea and frontalis 
muscles, loose supraperiosteal areolar tissue, and pericra- 
nium (Fig. 185.2). The galea separates along the superior 
origin of the frontalis muscle, which divides the galea into 
superficial and deep layers. The posterior galea is in the 
same plane as the superior orbital septum. Lateral eyebrow 
ptosis has been described to be further exacerbated by a 
ptotic “galeal fat pad,” which is usually fully enveloped 
by the deep galeal fascia but may be dehiscent in some 
individuals, accelerating lateral brow ptosis (4). Laterally, 
the galeal layer is contiguous with the superficial temporal 
parietal fascia, both of which fuse at the zygomatic arch. 
The loose subgaleal and subtemporal parietal fascial lay- 
ers allow for free mobility of the galea, facilitating facial 
expression. 

The frontalis muscle is the primary elevator of the brow 
and is the most significant contributor to horizontal fore- 
head rhytids. Inferiorly, the frontalis interdigitates with 
the orbicularis oculi muscle, the skin of the eyebrows, and 
the root of the nose (Fig. 185.3). The frontalis muscle also 
blends with the corrugator supercilii and procerus muscles 
medially. The corrugator supercilius muscle, also known as 
the “muscle of grief,” is the only muscle of facial expression 
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to arise from bone. After originating from the medial 
aspect of the supraorbital arch, it passes obliquely, deep 
to the frontalis and orbicularis muscles, to insert by inter- 
digitation with these muscles throughout the medial half 
of the eyebrow, causing characteristic vertical and oblique 
rhytids. The unpaired procerus muscle is pyramid shaped 
and arises from the fascia over the nasal bone and upper 
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Figure 185.2 Forehead skin. “SCALP” refers to the layers of the 
forehead skin. 1, Skin; 2, subcutaneous tissue; 3, epicranial apo- 
neurosis (galea and frontalis m.); 4, lax areolar tissue; 5, pericra- 
nium; 6, outer table; 7, inner table; 8, dura mater; 9, arachnoid. 
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lateral cartilages of the nose and inserts in the skin between 
the eyebrows, producing horizontal glabellar rhytids. The 
orbicularis oculi muscle also serves as a brow depressor. 
The depressor supercilii muscles are a minor contributor to 
brow depression. 

In a discussion of anatomic structures that contribute 
to the upper face aging process, it has been recognized 
that superficial temporal fascia “instability” plays a role 
in lateral brow ptosis due to its weak adhesion between 
the superficial and deep temporal fascial planes, with 
the sole support of the superficial fascial plane being 
its attachment to the frontal bone along the rim of the 
temporal fossa in the “zone of adhesion” and a loose 
attachment to the superior—lateral orbital rim called the 
“orbital ligament,” thought to represent a condensation 
of the superficial temporal fascia (4). It is also postulated 
that paucity of frontalis insertion laterally, and the stabi- 
lizing forces provided by the supraorbital and supratroch- 
lear neurovascular bundles, explain why lateral eyebrow 
ptosis occurs to a far greater degree than medial or mid- 
brow ptosis. 


PHYSIOLOGY OF AGING 


In youth, the forehead, temple, and glabella are unfur- 
rowed. The hairline is irregularly irregular, and there is 
no evidence of male-pattern baldness or thinning hair in 
women. The transition between the thicker infrabrow skin 
and upper eyelid skin is of particular importance. In youth, 
the higher brow position allows for a well-demarcated 
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Figure 185.3 Forehead muscles. Forehead muscle activ- 
ity causes the development of the rhytids associated with 
aging. The frontalis muscle produces horizontal forehead 


— rhytids, the corrugator supercilius muscle vertical glabel- 


lar rhytids, and the procerus muscle horizontal glabellar 
rhytids. 


contour of the lateral supraorbital rim above and an 
obvious upper eyelid fold. 

With aging, the upper third of the face undertakes 
multiple changes (Fig. 185.4). The corrugator supercilius 
muscle may be the initiating factor to the aging process of 
the upper face by producing vertical and oblique glabellar 
skin lines through its transverse and oblique fibers, respec- 
tively (4). It is the interdigitation of the corrugator with 
the orbicularis, procerus, and depressor supercilii muscles 
that further causes medial eyebrow depression and glabel- 
lar rhytids. As the skin weakens over time and becomes less 
elastic, these rhytids become permanent. Additionally, loss 
of subcutaneous tissue and increased skull bone resorp- 
tion is noted. Descent of the lateral third of the brow 
(lateral to the deep temporal fusion line) is discussed pre- 
viously in this chapter. A visual field defect can result in 
advanced cases of lateral eyebrow ptosis, especially when 
compounded with upper eyelid ptosis. This “closed eye” 
appearance is associated with sadness, fatigue, anger, and 
aging. 

With descent of the brows, there is a tendency of the 
frontalis muscle to increase activity dynamically to coun- 
teract the irritant effect of the redundant tissues on the 
eyelids, thereby initially creating superficial and transient 
rhytids that become deeper and permanent over time. 

Each individual has unique facial expressions and, thus, 
each develops a unique pattern of upper facial rhytids and 
eyebrow position. The patient's skin type, photodamage, 
tobacco abuse, and many other factors also affect the facial 
parameters associated with aging. 
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Figure 185.4 Physiology of aging. Ptosis initially 
occurs at the lateral brow but eventually involves 
the entire brow and forehead. Rhytids are caused 
by voluntary and involuntary muscle activity. 


BROW AESTHETICS 


The youthful brow, as classically described by Westmore in 
the 1970’s, is an arch whose apex terminates above the lat- 
eral limbus of the iris, with the medial and lateral ends of the 
brow at the same horizontal level. With evolving concepts of 
beauty, the ideal brow apex has been described anywhere from 
the lateral limbus to the lateral canthus (5-7). A recent study 
found that the deep temporal fusion line is the most precise 
indicator of brow peak position, which makes the most sense 
intuitively and anatomically. The dub-head-shaped medial 
brow should be in line with a vertical line drawn through the 
insertion of the ala of the nose. It arches superolaterally above 
the supraorbital rim to its apex somewhere between the 
lateral limbus and lateral canthus and tapers into a handle 
shape to end laterally at an oblique line drawn through the 
ala of the nose and the lateral canthus. The medial and lateral 
ends of the eyebrows should lie in the same horizontal plane. 
In men, the brow is ideally at the level of the supraorbital rim 
whereas in women the brow should peak above the supra- 
orbital rim. The more lateral the apex of the brow, the more 
feminized the brow is. Eyebrow hairs are typically thicker in 
men and may extend in any direction. A lower, thicker brow 
may still be considered attractive in women, depending on its 
harmony with their overall facial aesthetics. 


ASSESSMENT 


Each patient must specify his or her particular concerns 
if the appropriate procedure is to be chosen for forehead 
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rejuvenation. Oftentimes, a patient will seek correction of 
lateral eyelid hooding and request blepharoplasty when the 
ideal procedure may well be one to elevate ptotic brows. 
During analysis for the patient seeking facial rejuvenation, 
the surgeon must demonstrate the patient’s own natural 
brow position in repose as most people with brow ptosis 
will unconsciously elevate their brows. A previous history 
of upper blepharoplasty or brow lifting procedures may 
produce a relative lack of upper eyelid skin for lifting pro- 
cedures. Additionally, a history of laser-assisted in-situ ker- 
atomileusis surgery or dry-eye problems must be considered 
prior to brow lifting since a transient lagophthalmos follow- 
ing surgery is not uncommon. Patients with alopecia may 
be at an increased risk for surgical hair follicle shock. Young 
men with a full head of hair and who are not at risk of devel- 
oping male-pattern baldness, or older men who have an 
established pattern of hair loss, may be candidates for coro- 
nal forehead lifts and its modifications. Hair transplanta- 
tion in conjunction with a forehead lift has been described, 
allowing for expanded use of a pretrichial incision. 


Ptosis 


It is of paramount importance for the surgeon to differenti- 
ate between lateral eyelid hooding that is a result of upper 
eyelid skin redundancy and that due to ptosis of the eye- 
brow. Frontalis contraction must be eliminated by complete 
patient relaxation to eliminate pseudoelevation of the eye- 
brows. Patients with eyebrow ptosis will be disappointed 
with a blepharoplasty procedure without addressing the 


brows. Younger patients with ptotic brows and upper eye- 
lid hooding without other signs of upper facial aging often 
see greater improvements with a forehead lift rather than 
upper eyelid blepharoplasty. Overaggressive resection of 
brow or eyelid skin may result in further brow ptosis and 
a short upper lid syndrome. The effects of the forehead 
lift/browlift may be demonstrated to the patient by gently 
elevating the forehead in the midline and laterally. The 
degree of surgical brow elevation required can be assessed 
by having the patient actively elevate the eyebrows while 
the surgeon holds a ruler at a predetermined landmark on 
the brow. This method allows for the ideal amount of brow 
elevation to be determined. A slightly greater excision of 
skin should be made to allow for a degree of stretch-back. 
For example, about 16 mm of skin may be excised if the 
real amount of aesthetic lift desired is 10 to 12 mm. 


Rhytids 


Static and dynamic rhytids should be assessed preopera- 
tively. Assessment of the forehead, glabella, and temple 
rhytids, along with the relative degree of activity of the upper 
facial muscles with mimetic expression, helps to determine 
the extent of myoplasty required for the involved muscles. 
Older patients typically have more subcutaneous atrophy 
and thus rhytids are more pronounced due to the actions 
of the muscles being transmitted more directly to the skin. 


Hairline Patterns 


Women who have a medium or low forehead hairline are 
candidates for the standard coronal or endoscopic fore- 
head lift, since both of these will elevate the height of the 
hairline. Women with higher hairlines most often benefit 
from a trichophytic lift, which not only maintains their 
hairline position but also reduces the vertical height of 
their high forehead. This eliminates the need to style their 
hair over their forehead to camouflage a high hairline that 
would result from a standard coronal lift. Older men with- 
out evidence of male-pattern balding may be candidates 
for a standard coronal or trichophytic lift as well. 


Skin Type 


Fair- and thin-skinned patients usually heal with more 
ideal scars than those with darker and thicker or sebaceous 
skin. In general, women scar better than males. Older 
patients often have finer scars than do younger patients 
because of their decreased skin elasticity. 


Asymmetries 


It is documented that 97% of all patients have facial asym- 
metries (7). Both passive and dynamic asymmetries of the 
eyebrows should be documented. The surgeon should not 
try to alter dynamic eyebrow symmetries. Additionally, the 
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surgeon must take caution in an attempt to correct pas- 
sive asymmetries as this may alter the patient's unique 
facial characteristics. Even when such attempts are made, 
the coronal forehead lift and its modification are usually 
unsuccessful in correcting eyebrow asymmetries because 
of the distance from the incision to the eyebrows. If such 
correction is desired, a direct eyebrow or midforehead 
eyebrow lift are likely to be more successful. Patients with 
hyperdynamic forehead muscle activity may need more 
aggressive myoplasties to decrease this degree of activity 
and minimize recurrence of forehead and glabellar rhytids. 
This may be achieved surgically or with neurotoxin. The 
clinical assessment and photographic documentation must 
be performed with the patient’s facial muscles in repose. 


Bony Contour 


Women with prominent supraorbital rims and excessive 
forehead bossing may appear masculinized. They may bene- 
fit from bone reduction of the supraorbital rim or alloplastic 
augmentation in association with a coronal forehead lift (8). 


PREOPERATIVE COUNSELING 


It is imperative to communicate to the patient that brow lift- 
ing will have no effect on the eyes other than to improve 
brow position and lateral hooding. Conversely, upper 
blepharoplasty will not alter eyebrow position, and if over- 
aggressive skin resection is performed, this may cause fur- 
ther lateral eyebrow ptosis. The lateral infrabrow skin cannot 
be excised during upper blepharoplasty and, thus, minimal 
improvement may be achieved in the patient seeking correc- 
tion of lateral hooding with an upper blepharoplasty rather 
than with some form of eyebrow lift. Patients should be 
advised that rejuvenation survey will “turn the clock back” 
but will not stop the aging process. The patient’s specific 
concerns in conjunction with full facial assessment must be 
addressed; this is the only way the correct procedures can be 
chosen. Patients seeking a face-lift should be advised that it 
will not alter the appearance of the upper face. 


MANAGEMENT 


During the consultation with the patient, all options— 
including surgical and nonsurgical options—should be 
discussed. Surgery may not always be indicated; other 
methods may be used to correct a specific defect that is 
of great concern to the patient or to temporize until the 
patient is a better candidate for surgery. Other such meth- 
ods include the following: 


1. Sun avoidance and protection will prevent photodam- 
age to the skin and help prevent squinting and thus 
decrease vertical glabellar rhytids. 

2. Judicious use of cosmetics may camouflage forehead 
rhytids. 
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3. Retin-A cream may increase the vascularity of the skin 
and the organization of collagen bundles and may 
thicken the skin, resulting in a more youthful overall 
appearance and improvement in fine rhytids. It does 
not improve deeper furrows. Chemical peels and laser 
resurfacing will provide a greater effect. 

4. Styling the hair over the forehead will camouflage 
rhytids, although it usually cannot camouflage brow 
ptosis. 

5. Injectable fillers may be used selectively for temporary 
effect in forehead rhytids or furrows and crow’s-feet. 
Fillers have also been used to simulate a brow lift with 
some success (9). 

6. Eyeglasses may camouflage both brow ptosis and gla- 
bellar rhytids. 

7. Onabotulinumtoxin A (Botox®, Allergan, Inc., Irvine, 
CA) injections can provide several months of partial 
muscle paralysis with partial or complete effacement of 
furrows. Additionally, Botox can be injected into the lat- 
eral brows to provide several millimeters of elevation. 


All patients should be counseled that the goal is improve- 
ment, not perfection. Furthermore, although rejuvenation 
is achieved, aging continues and cannot be stopped or 
reversed. Patients will appear younger than if they had not 
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had the surgery but in time will redevelop most of the same 
features that were improved by the surgery. Patients must 
acknowledge that a specific result, a “perfect” result, or a 
no-risk procedure cannot be guaranteed. Each procedure will 
have specific effects, and patients must be aware of what will 
and will not be achieved with the procedures they choose. 
Specifically, patients should be counseled about the general 
and local complications associated with the procedures they 
are contemplating, outlining the preoperative, postopera- 
tive, and surgical protocols in detail. Literature with instruc- 
tions and advice about the surgery should be given to the 
patient, because a well-informed patient can choose the pro- 
cedure that has the highest likelihood of success for him or 
her. Of primary importance in forehead rejuvenation pro- 
cedures are the patient’s specific goals, the hairline changes 
involved, and the acceptability of scar placement. 


SURGICAL PROCEDURE 
AND TECHNIQUE 


Surgical rejuvenation of the upper face can be considered 
within three categories: the coronal forehead lift and its 
modifications (Fig. 185.5), the direct brow lift and its modi- 
fications (Fig. 185.6), and the endoscopic forehead lift. The 
indications and surgical technique for each of these follow. 
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Figure 185.5 The coronal incision is the standard incision. Modifications may be made depending 
on the patient's hairline, degree of ptosis, rhytids, skin type, asymmetries, sex, and personal prefer- 
ence. A: Frontal view. B: Lateral view. 1, Bilateral (temporal); 2, coronal (forehead); 3, trichophytic; 4, 


pretrichial; 5, midforehead. 


Figure 185.6 The direct brow lift (solid lines) is the standard 
incision. More recent modifications, such as the indirect brow lift 
(dashes) and browpexy (dots), can be useful in selected patients. 


Coronal Forehead Lift 


The coronal lift and its modifications are arguably the 
procedures of choice for rejuvenation of the upper face. 
Numerous recent reviews have validated its efficacy, 
safety, longevity, and high degree of patient satisfaction 
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(2,10,11,12). The coronal lift is especially useful for patients 
who have both generalized ptosis and rhytids of the upper 
face and a normal or low hairline (Fig. 185.7). Relative 
contraindications include men with male-pattern bald- 
ness and women with high hairlines. Due to the distance 
between the incision and the brow, the coronal lift and its 
modifications are not useful to correct static or dynamic 
brow asymmetries. Advantages of the open lifts are the 
well-hidden incision within and behind the hairline and 
excellent exposure of the forehead musculature, allowing 
accurate and extensive myoplasty. Disadvantages include 
elevation of the frontal hairline, although this is an advan- 
tage in patients with a low frontal hairline. Other disadvan- 
tages include the temporary, and occasionally permanent, 
hypesthesia or paresthesia posterior to the incision line, 
although a recent study by Guillot et al. (13) presents good 
prospective and retrospective data concluding that this may 
not be a clinically significant disadvantage in the long term. 
Wide surgical undermining increases the risk for blood 
accumulation, and tension on the wound closure may pre- 
dispose to temporary or permanent hair loss, especially if 
the wound is not meticulously closed in multiple layers. 


Technique 


The procedure is done under either local intravenous 
sedation or general anesthesia. General anesthesia is pref- 
erable, especially if multiple other procedures are being 


Figure 185.7 A: Sixty-four-year-old female with a short forehead, brow ptosis, and prominent 
horizontal forehead rhytids. Note the hyperdynamic elevation of the brows commonly observed 
in patients with brow ptosis. B: One year following coronal forehead lift, upper and lower blepha- 
roplasty, and deep plane face- and neck lift. Note that the brows are now in an improved position 
without dynamic movement. Note the slight increase in the length of the forehead. C: Four years 
following the above-mentioned procedures—note the longevity of the open forehead lift. 
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performed (14,15). A curvilinear incision about 4 to 
6 cm posterior to the anterior hairline is marked, and a 
thin strip of hair is removed along the incision line. Local 
infiltration of anesthesia of lidocaine 1% with epineph- 
rine 1:100,000 and bupivacaine 0.5% with epinephrine 
1:200,000 mixed in equal parts is used initially to effect 
a regional block at the supratrochlear and supraorbital 
nerves. Following this, a ring block is completed by 
following the supraorbital margins, the zygomas, and the 
scalp at the incision site. Infiltration is completed in the 
subgaleal plane beneath the entire area of the flap to 
be elevated. At least 7 minutes must be allowed for ade- 
quate vasoconstriction. 

The coronal incision is beveled parallel to the shafts of 
the hair follicles, usually obliquely anterior at the midline 
and becoming more horizontal or even obliquely posterior 
in the temple region (Fig. 185.8). The flap is elevated with 
broad scalpel sweeps with a no. 10 blade in the subgaleal 
plane, abetting this action with firm upward traction on 
the flap. The pericranium is kept intact and moistened with 
saline gauze. Prominent vessels may be seen coursing supe- 
riorly from the supraorbital vessels about 2 to 3 cm supe- 
rior to their origin. Scalpel dissection is carried inferiorly 
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Figure 185.8 The coronal incision is beveled 
parallel to the shafts of the hair follicles. The flap is 
elevated over the supraorbital margins and to the 
zygoma. A portion of the corrugator supercilius is 
excised, and the procerus and frontalis are incised. 
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to about 1 cm above the supraorbital rims. Dissection 
laterally must be carried down to the zygoma; this is most 
safely done with the blade handle and gentle blunt dissec- 
tion just above the temporalis fascia. 

Myoplasty is performed through blunt interfibrillar scis- 
sors dissection to identify and free the corrugator muscles 
from the supratrochlear and supraorbital nerves and ves- 
sels, which are multiple and course around the muscle. 
The flap is dissected over the supraorbital rims, releasing 
the arcus marginalis, but not so far as to expose orbital fat. 
In this way the brow is freed so that it may be elevated 
above the supraorbital rims. The muscle is cauterized 
with bipolar cautery at two points about 1 cm apart, and 
the central portion excised. Any bleeding is meticulously 
controlled with bipolar cautery, taking care not to injure 
any nerves. The procerus in the midline is identified and 
incised horizontally using unipolar cautery. The frontalis 
muscle is identified in the flap, and the unipolar cautery is 
used to incise the muscle and galea immediately deep to 
the prominent transverse forehead creases. Cauterization is 
maintained medial to the pupils to prevent injury to the 
temporal branch of the facial nerve and also to preserve 
some natural forehead movement through the action of 
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the frontalis muscle laterally. Excision rather than incision 
of the procerus and frontalis muscles may lead to contour 
irregularities of the glabella and forehead. 

The temporalis branch of the facial nerve is at risk in 
the region between the brow and the temporal hairline 
as it traverses this area superomedially. The nerve is deep 
within the parotid gland but becomes superficial in the 
subdermal fat as it crosses the zygomatic arch. It then 
courses deeply again to pierce the frontalis muscle about 
2 cm from the lateral canthus (5). The frontalis muscle 
must not be divided in this region between the eyebrow 
and the temporal hairline. Absolute hemostasis is secured, 
paying special attention to superficial temporal artery 
branches in the supraauricular region. The galeal vessels 
are cauterized, avoiding bleeding vessels in the subcutane- 
ous tissue so as not to damage hair follicles. 

Advancement and rotation of the flap are done in a 
superior and posterior direction, and the appropriate por- 
tion of redundant skin parallel to the hair follicles is excised 
(Fig. 185.9). This amount can be determined by assessing 
the amount of brow elevation required and then increas- 
ing this by about 5 mm to allow for the stretch-back relax- 
ation that inevitably occurs. Usually, about 12 to 18 mm 
of skin can be excised, although this will vary with each 
patient. Conservative excision is indicated to prevent an 
overelevated and frightened look. In females, more skin 
may be excised from the temporal region to create a more 
lateral, feminine lift, depending on the desired correction. 
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Figure 185.9 The flap is advanced and rotated in a superior and 
posterior direction, and the appropriate portion of redundant skin 
is excised parallel to the hair follicles. 
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The excision usually is extended laterally to 1 to 2 cm 
above the anterior helical root. A suction drain is placed 
through a separate stab incision in the temple, the galea is 
closed by using interrupted and inverted polyglycolic acid 
sutures, and the skin is closed with staples. 

Ophthalmic drops and ointment are prescribed for 
any indications of corneal exposure. The drain is removed 
on the first postoperative day, and surgical staples on day 
6 and day 8. 


Brow Lift and Upper Blepharoplasty 


A special relation exists between forehead lifting or brow 
lifting and upper blepharoplasty. Temporary lagophthal- 
mos is common after brow lifting, and a concomitant 
upper blepharoplasty will increase the degree and duration 
of lagophthalmos. The brow lift should be performed first, 
as a more accurate assessment of the degree of eyelid skin 
to be excised then can be made. Conservative skin excision 
is advisable. If no skin must be removed, redundant upper 
eyelid fat can be excised through a standard excision just 
above the tarsal plate, taking care not to injure the inser- 
tion of the levator aponeurosis. 

The eyelid margin should not be above the midpu- 
pil after surgery and usually closes within 7 to 10 days. 
Aggressive postoperative ocular lubrication is necessary 
until full closure of the palpebral fissure occurs. This is also 
because the blink reflex initially may be decreased, predis- 
posing to dry eyes. 

Eyelid skin can be stored as a graft for up to 3 weeks 
and used as a full-thickness donor graft to its original site 
if eyelid closure is unsatisfactory. Patients are advised that 
a touch-up excision of upper eyelid skin can be performed 
9 to 12 months later if necessary, although in our experi- 
ence this is not usually required or requested. 

Patients who have had a previous upper blepharo- 
plasty and require correction of eyebrow ptosis may be 
candidates for any of the brow-lifting procedures; how- 
ever, the surgeon must be careful to assess the degree of 
redundant upper eyelid skin, the status of the tear film, and 
the amount of skin excised for elevation. Conservatism is 
advised. 


Bilateral Temple Lift and Lateral Brow Lifting 


The bilateral temple lift is indicated in men or women 
who primarily have lateral eyebrow ptosis and upper eyelid 
hooding. It is advantageous in that it does not elevate the 
central hairline, as does the full coronal forehead lift and, 
because of the scar position, can be used in both men and 
women. However, it does not allow myoplasty procedures 
of the forehead, and its somewhat confined exposure for 
elevation makes it difficult to control any bleeding vessels 
at the supraorbital margin, although increased adeptness 
with endoscopy has somewhat ameliorated this prob- 
lem. Although it appears to offer good intermediate-term 
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results, in our experience it does not appear to offer the 
longer-lasting results seen with the coronal forehead lift 
and its variations. 

This procedure has essentially the same incision as the 
coronal forehead lift, except that the incision is carried 
from just above the anterior helical root up to the midpu- 
pillary line, but it does not extend completely across the 
midline scalp (Fig. 185.5). The incision is beveled parallel 
to the hair follicles, and a subgaleal dissection is carried 
out with blunt and sharp scissor dissection down over the 
supraorbital margin and to the zygoma inferiorly. The tem- 
ple flap is redraped superolaterally, and the redundant skin 
excised; it is usually about 10 mm at its widest. The galea is 
closed with 3-0 polyglycolic acid antitension sutures, and 
the skin with surgical staples. No drain is usually placed. 

The lateral browlift is indicated in patients with a life- 
long appearance of downturned lateral brows. In these 
patients, the lateral brows are ptotic due to the lack of 
galeal attachment to the supraorbital rim in this region, lat- 
eral to the deep temporal fusion line (16). Other patients 
who may benefit from such a lift are those who suffer from 
lateral brow ptosis primarily as a result of excess skin. 

The procedure begins with an incision 6 cm in length, 
1 cm behind the hairline, designed in a curvilinear fash- 
ion in the vector of the desired elevation. Two dissection 
pockets are created—one lateral to the zone of fixation 
and one medial to it. Laterally, dissection is carried deep 
to the superficial temporal parietal fascia, just along the 
surface of the shiny deep temporal fascia. Medially, a sub- 
periosteal pocket is developed blindly down to within 
2 cm of the supraorbital rim. The two pockets are then 
connected from lateral to medial, using a periosteal eleva- 
tor in a blind motion, sweeping superiorly. The remaining 
zone of adhesion, which condenses down to become the 
orbital ligament, is then released down to the orbital rim. 


Figure 185.10 Anterior forehead hairline 3 months 
after W-plasty pretrichial incision in a woman. 
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The superior and lateral attachments to the superior orbital 
rim must then be released either with direct visualization 
or with endoscopic guidance. Dissection laterally is per- 
formed similarly to the traditional endoscopic forehead 
techniques. Fixation can be effected with suture, bone tun- 
nels, titanium screws, or absorbable devices. Excess scalp is 
excised, and tension-free closure is performed. A drain is 
not normally placed. 


Pretrichial Lift 


The primary indication for the pretrichial forehead lift 
is for women who have a high hairline and long verti- 
cal height to the forehead. This procedure then offers all 
the advantages of the coronal forehead lift but does not 
raise the anterior hairline to an unaesthetically high level. 
Furthermore, resection of the redundant forehead skin 
reduces the vertical height of the forehead, and this often 
provides improved facial balance. It is best used in women 
with thick hair who are prepared to wear their hair forward 
to camouflage the scar in the early healing stages. With 
scar maturation, no scar camouflage is required in the vast 
majority of patients (Fig. 185.10). It can be used in men 
who are not expected to lose more hair or who might be 
undergoing or willing to undergo hair transplants to cam- 
ouflage the scar further, although this is rarely necessary as 
the incision usually heals very well and rarely needs cam- 
ouflage. 

Advantages of the pretrichial lift are that it allows the 
same wide access to the forehead musculature as the coro- 
nal lift and thus allows correction of all the components 
of the aging forehead. Disadvantages include the neces- 
sity for meticulous technique to obtain the finest possible 
scar and possibility of postoperative scar camouflage being 
required. A broader area of anesthesia occurs, and usually 
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Figure 185.11 A: The trichophytic incision is an irregular beveled incision made just posterior to 
the anterior hairline. B: The follicles below the deepithelialized portion of the flap will produce hair 


growth through the scar. 


there is asmall permanent area of anesthesia just posterior 
to the incision. This is rarely a bother to patients, but they 
must be advised of this possibility preoperatively. 

In this modification of the coronal forehead lift, the inci- 
sion temporally remains the same but is brought anteriorly 
in the widow’s peak region. It then follows a course just 
behind the anterior hairline as a W-plasty with the limbs 
about 5.5 mm long and at 55-degree angles that interdig- 
itate with the anterior hairline follicles (Fig. 185.5). The 
forehead flap is elevated identically to the coronal lift, and 
myoplasty of forehead rhytids and correction of ptosis are 
performed. Subcutaneous variations of this lift have been 
described (17). 


Trichophytic Forehead Lift 


The trichophytic incision is currently our preferred tech- 
nique when an open approach is utilized. The incision is a 
modification of the pretrichial incision; it is placed two or 


three follicles behind the anterior hairline and is therefore 
better camouflaged because hair follicles regrow through 
the scar (Fig. 185.11). It is indicated for women with high 
foreheads and hairlines and may be considered in men 
who do not have male-pattern baldness or who would 
agree to hair transplants should this occur (Fig. 185.12). 
The incision is an irregularly irregular beveled incision 
made just posterior to the anterior hairline (Fig. 185.5). The 
superficial aspect of the incision is placed down through 
the epidermis only. Then it is beveled from posterior to 
anterior through the dermis and subcutaneous tissues to 
the subgaleal plane. This effectively deepithelializes about 
2 mm of the leading edge of the posterior or hair-bearing 
flap and preserves the underlying hair follicles, although 
their shafts are excised. After the myoplasty procedures and 
redraping of the forehead flap, the redundant skin is excised 
from the non-hair-bearing flap in a parallel beveled fash- 
ion to allow the edge of the forehead flap to appose accu- 
rately the opposite bevel of the deepithelialized portion 


Figure 185.12 Temporal and anterior hairline of 
a man 3 months after a trichophytic forehead lift. 
Hair can be seen growing through the incision. By 
6 months, this scar becomes almost imperceptible. 
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A: Anterior hairline in a female prior to trichophytic forehead lift. B: Anterior hair- 
line in same patient one year following trichophytic forehead lift. This represents an average result 
with near imperceptibility of the scar. Note that hair is growing through the scar. No neuromodula- 


tors were needed following surgery. 


of the posterior hair-bearing flap. Galeal sutures again are 
used for antitension, and the wound is closed with a run- 
ning 6-0 nylon suture along the forehead skin junction and 
with staples within the hair-bearing scalp, taking care to 
prevent damage to hair follicles. With further hair growth 
from the hair follicles below the deepithelialized portion 
of the posterior flap, follicles will grow through the scar 
itself, thus improving camouflage (Fig. 185.13). 

The trichophytic incision has the advantage of providing 
an improved scar but again requires meticulous execution 
to achieve the desired result. Inaccurate incision placement 
or wound tension causing strangulation of the hair follicle 


A 


vasculature will compromise the result. This incision has 
become the preferred hairline incision. The scar heals so 
well that most patients can wear their hair back without 
scar camouflage once healing is complete. Overall, this 
is the commonest forehead-lifting procedure we employ 
today (Fig. 185.14). 


Midforehead Lift 


The midforehead lift, when performed in the central 
forehead, can be considered a modification of the cor- 
onal forehead lift because the dissection can be carried 


B 


A: Fifty-four-year-old female with a high hairline who wanted subtle elevation of 
brows. B: Three years following trichophytic forehead lift, deep plane face-lift, and neck lift. 


into the subgaleal plane and myoplasty is possible. This 
approach is indicated in men with receding hairlines 
and prominent deep forehead rhytids in which the scar 
can be camouflaged. The incision is placed in a central 
midforehead crease, and subcutaneous rather than sub- 
galeal elevation is performed down to the supraorbital 
margins (Fig. 185.5). This preserves the sensory supply 
of the forehead, which otherwise would be lost if the 
midforehead incision were deepened to the subgaleal 
plane. Access to the corrugator supercilii and procerus 
muscles is possible by developing a central subgaleal 
flap inferiorly. Myoplasty can be done if indicated, and 
the frontalis muscle can be divided between the supra- 
orbital nerves. This approach does not permit the same 
extent of forehead muscle myoplasty as that in the coro- 
nal forehead lift. The inferior flap is redraped superiorly, 
and the redundant skin is excised to correct ptosis of the 
glabella and medial eyebrows. If the excision is extended 
laterally in the subcutaneous plane, some degree of eleva- 
tion of the lateral eyebrows also can be achieved. In such 
cases, the procedure is comparable to the indirect brow 
lift or midforehead brow lift. Advantages of the proce- 
dure include a direct and close approach to the glabella 
without distortion of the hairline. It also allows myo- 
plasty, but it does not offer improvement of the lateral 
brow region or upper forehead. Its major disadvantage is 
a potentially unsatisfactory scar and an inability to have 
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a satisfactory lateral brow elevation; this is minimized by 
making the scar irregular rather than symmetrical, as it 
follows the crease line. The incisions, and therefore this 
approach, are usually best in older patients with well- 
developed forehead creases and thin, nonsebaceous, 
lighter-colored hair. 


Direct Brow Lift 


The standard direct brow lift consists of selective excision 
of skin directly above the eyebrows, combined with sus- 
pension of the orbicularis oculi muscle to the periosteum 
(Fig. 185.15). Brow elevation has also been achieved through 
a transblepharoplasty approach through an internal brow 
release, excision of medial brow depressors, with or without 
placement a of biodegradable fixation device (18,19). This 
procedure is primarily indicated for men with bushy eye- 
brows and occasional women who are not candidates for a 
trichophytic or coronal forehead lift (Fig. 185.16). Because 
of the direct approach, it is more useful than a coronal lift to 
correct brow asymmetries and also can be more effective to 
correct marked ptosis of the lateral eyebrow. It can be used 
unilaterally to improve facial nerve paresis functionally with 
suture techniques, biodegradable devices, or with autolo- 
gous fascia (20). It is relatively contraindicated in patients 
who have thin, light-colored eyebrows and patients who 
have thick sebaceous skin that may not scar well. 


Excision of 
suprabrow skin 


Figure 185.15 Excision of suprabrow skin and suspension of the orbicularis oculi muscle produce 


direct elevation of the eyebrow. 
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A: Sixty-year-old man with eyebrow ptosis, bushy eyebrows, and male-pattern 
baldness. B: One year after direct eyebrow lift and lower lid skin pinch only. 


Technique 


The inferior incision for the direct brow lift is placed just 
within the most superior growth of fine eyebrow hairs. 
It should not extend medial to the medial aspect of the 
eyebrow, as poor glabellar scarring may result. The inci- 
sion should be carried lateral to the lateral eyebrow and 
extended horizontally laterally in a gentle arc, but not 
superiorly. The superior incision is carried in a gentle 
arch superiorly from its medial aspect to reach a high 
point between the lateral limbus and lateral canthus 
and then gently curved inferiorly to complete the exci- 
sion. The superior incision defines the new position 
of the eyebrow, and the point of maximal height will 
determine the degree of masculinity (apex more medial 
toward the lateral limbus) or femininity (apex more 
lateral toward the lateral canthus) of the ultimate brow 
appearance. The skin is excised down to the subcutane- 
ous plane, taking care not to injure the frontalis muscle 
or the supratrochlear and supraorbital nerves medially. 
Usually, a maximum of 10 to 12 mm of skin is excised. 
Minimal undermining is done inferiorly, taking care not 
to injure the hair follicles, with 1 to 1.5 cm of under- 
mining in the subcutaneous plane superiorly. Four or 
five permanent sutures are placed through the orbicu- 
laris muscle at the level of the supraorbital margin; then 
this suspension suture is secured to the periosteum at 
the level of the superior incision. This latter suture is 
placed in a horizontal fashion to decrease the risk of 
injury to branches of the facial nerve. The apical suture 


is placed first, followed by those medially and laterally. 
Vertical mattress 5-0 nylon sutures are used for closure 
and to obtain maximal skin eversion. The sutures are 
removed on day 4, and light laser abrasion is done, if 
indicated, 6 to 12 weeks postoperatively—we rarely find 
this necessary. 

Advantages of direct brow lifting include a long-lasting 
lift as a result of the excellent orbicularis muscle suspen- 
sion that can be achieved. It is the best technique to correct 
brow asymmetries or unilateral brow ptosis secondary to 
facial nerve paresis. More precise positioning of the eye- 
brow can be obtained than with the more distant coronal 
lifting, and less dissection is required than for coronal lift- 
ing. A significant potential disadvantage is the eyebrow 
scar, especially in patients who have sebaceous skin or 
those with thin brows or in whom meticulous technique 
is not applied. If the incision is not beveled parallel to 
the hair follicles, the superior aspect of the eyebrow may 
be lost in time, giving the appearance that the scar has 
migrated superiorly. Direct brow lifting has no effect on the 
forehead, glabellar, or temple ptosis and cannot be used to 
improve forehead or glabellar rhytids. Prominent forehead 
rhytids may be distorted, giving an unnatural appearance. 
Meticulous attention must be paid to achieving the ideal 
bilateral symmetry desired (Fig. 185.16). 


Indirect Brow Lift 


The indirect brow lift has been associated with the mid- 
forehead lift by some authors, and others have called it 


the midforehead brow lift (21). It is essentially the same 
procedure as the brow lift, but the skin excision is per- 
formed bilaterally at some distance above the eyebrow in 
the forehead. The indirect brow lift is indicated in patients 
with marked or asymmetrical brow ptosis and forehead 
furrows and those in whom a coronal forehead lift is con- 
traindicated. The patient's skin type must be satisfactory, 
and the patient must be advised fully about the resultant 
scar. Men who have male-pattern baldness or women who 
have thin and light hair with a high hairline are potential 
candidates. 

The surgical approach is similar to that for the direct 
brow lift, except the inferior incision is placed in a deep 
rhytid at a distance above the brow, and the superior inci- 
sion is arched above this. This differs from the midforehead 
lift, in which the redundant skin is excised from below the 
initial crease incision rather than above. Undermining the 
inferior forehead flap must be maintained in the subcu- 
taneous plane down to the supraorbital rims so as not to 
interfere with sensory or motor innervation. In most cases, 
the orbicularis muscle is suspended, as described for the 
direct brow lift. 

Advantages of the indirect brow lift include its ability to 
conceal the forehead incision within a skin crease and at 
the same time achieve a relatively proximal suspension for 
the eyebrow, thus leading to a long-lasting and precise ele- 
vation. Depending on the location and extent of the skin 
excision, the shape of the brow also can be configured as 
desired. Disadvantages include its relatively selective use: it 
may be indicated in patients who have significant rhytids 
and skin that will heal well and who are not candidates for 
a coronal forehead lift. 


Browpexy 


This procedure is unique in that it is performed through an 
infrabrow rather than a suprabrow incision (18). It there- 
fore can be used in association with upper blepharoplasty 
and may negate the need for suprabrow procedures. This 
procedure may be indicated in the younger woman who 
is primarily concerned about fullness or puffiness in the 
lateral portion of the upper eyelids. Other indications are 
women with mild to moderate eyebrow ptosis and a flatter, 
androgenous eyebrow appearance. Lateral prominence in 
the infrabrow region due to a prominent supraorbital mar- 
gin or brow fat pad also may be improved with this tech- 
nique. It is particularly useful in association with upper 
blepharoplasty. Relative contraindications include patients 
who have severe brow ptosis or more generalized signs of 
aging of the upper face. 

The browplasty is performed first through an upper 
blepharoplasty incision. Preoperatively, the supraorbital 
vessels and nerves, which are identified by palpation at 
their exit from the supraorbital notch and the location of 
the lateral brow fullness, should be marked. Dissection is 
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extended superiorly 1 to 1.5 cm above the superior and 
lateral orbital rim in the submuscular plane just deep to 
the orbicularis oculi muscle. The redundant brow fat pad 
can be seen overlying the orbital margin; it is removed 
from the region of the central third of the superior orbital 
margin laterally as far as the frontozygomatic suture. The 
fat pad is excised in an elliptical fashion measuring about 
1 to 1.5 cm in vertical dimension and tapering nasally and 
temporally. The underlying periosteum is left intact to 
prevent adhesions. If brow elevation is not required, the 
blepharoplasty is completed in standard fashion. 

In patients requiring elevation of the central and lateral 
eyebrow, browpexy is performed to elevate and suspend 
the brow above the supraorbital margin. The eyebrow 
position can be fixed superiorly by using two or three per- 
manent 4-0 Mersilene sutures. Each suture is placed trans- 
cutaneously at the level of the infrabrow hairs into the 
sub-brow space and then passed through the periosteum 
1 cm above the supraorbital rim. It then is secured through 
the subeyebrow tissue at the level of the original transcu- 
taneous suture. With tightening of the suture, the eyebrow 
will be elevated an appropriate amount above the supraor- 
bital margin after the original transcutaneous suture end 
is drawn through the skin. The placement and tension of 
each suture can be used to obtain the configuration of the 
eyebrow and degree of elevation desired. A recent com- 
mentary by an experienced oculoplastic surgeon has rec- 
ommended fixation to the deep temporal fascia laterally to 
prevent instability of periosteal fixation (22). The blepha- 
roplasty procedure then is completed, removing redundant 
fat and upper eyelid skin. 

Advantages of this technique include the single eye- 
lid incision, which is also compatible with that made 
for upper blepharoplasty. It allows brow elevation with a 
more minimal procedure than a coronal forehead lift and 
allows direct access for trimming the lateral eyebrow fat 
pad. However, its use is restricted to patients who have 
only mild to moderate eyebrow ptosis, and the exposure 
is more difficult compared with direct eyebrow lifting. 
Removing the eyebrow fat pad transects the cutaneous 
nerves, resulting in brow anesthesia for several months 
over this region. Injury to the supraorbital vessels or nerves 
could result in heavy bleeding or forehead anesthesia. If 
the suspension suture is placed through the preseptal orbi- 
cularis muscle, postoperative dimpling of the thinner eye- 
lid skin and lagophthalmos may occur secondary to eyelid 
tethering. Inadequate correction of brow ptosis also has 
been reported. 


Endoscopic Forehead Lift 


Endoscopic forehead-lifting techniques allow correction 
of brow ptosis and reduction of forehead and glabellar 
rhytids (23). The indications for this technique are iden- 
tical to those for the conventional coronal approaches 
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Figure 185.17 A: A 59-year-old woman with moderate brow ptosis, moderately marked forehead 
and glabellar rhytids, and moderately high forehead. B: The patient 3 years after endoscopic fore- 
head lift, four-lid blepharoplasty, and deep plane face- and neck lift. 


(Fig. 185.17). Direct endoscopic visualization affords 
the ability to identify and preserve the supraorbital and 
supratrochlear neurovascular bundles, although no more 
clearly than with the direct approach. Sensory neuropa- 
thy and scarring are decreased further because of incision 
size reduction, change in incision placement, and lack 
of skin excision in some cases. The reduction in sensory 
neuropathy may not be as great as was once thought, and 
a recent prospective and retrospective study has demon- 
strated that it has not made a significant difference with 
patient satisfaction (14). The most favorable result can 
be obtained in the thin-skinned patient with glabellar 
rhytids, minimal brow ptosis, and minimal skin redun- 
dancy. Relative contraindications include women with 
high hairlines, male-pattern baldness, and some Asians 
and Native Americans who have tight, thick skin and 
extensive bony attachments. 

Advantages of the endoscopic approach include 
smaller incisions, decreased incidence of sensory neu- 
ropathy and alopecia, less bleeding, and a faster recov- 
ery period (10,11,23). Disadvantages involve the need 
for specialized training and experience with endoscopic 
techniques with a steeper learning curve than that for the 
other approaches and the need for confirmation of long- 
term lift results. 

Preoperatively, the location of the supraorbital and 
supratrochlear neurovascular bundles is identified and 
marked. The amount of skin advancement to provide an 


adequate brow lift, usually 10 to 16 mm, is determined 
and marked with the patient sitting and supine. Glabellar 
and forehead furrows to be addressed also are marked. 

This procedure may be performed with the patient 
under either general anesthesia or local anesthesia with 
intravenous sedation, depending on patient and sur- 
geon preferences. Local infiltration with lidocaine 1% 
with epinephrine 1:100,000 and bupivacaine 0.5% with 
epinephrine 1:200,000 mixed in equal parts is used in 
a coronal distribution to provide vasoconstriction before 
the incision. 

The standard endoscopic forehead lift is performed 
with three to six incisions, which are about 2 cm long 
(Fig. 185.18). A midline sagittal incision, bilateral parame- 
dian incisions at the level of the midbrow, and bilateral 
coronal incisions parallel to the hair follicles are placed 
1 to 1.5 cm posterior to the hairline. The location of these 
incisions will vary with surgeon preference. Glabellar rhy- 
tid reduction without correction of brow ptosis may be 
performed without the use of the temporal incisions. Y- to 
V-advancement flaps can be designed at the incision line if 
skin excision is desired. The forehead elevation is initiated 
by extending the vertical incisions through the pericra- 
nium. The dissection proceeds in the subperiosteal plane 
which, because of its decreased vascularity, permits supe- 
rior visualization. Wide subperiosteal undermining of the 
scalp is performed in a blind fashion with a periosteal ele- 
vator, anteriorly to a level 2 cm above the supraorbital rims 


Hairline 


Figure 185.18 The standard endoscopic forehead lift inci- 
sions (solid lines) are placed 1 cm posterior to the hairline and 
may vary with surgeon preference. 1, The temporal incisions 
may be extended to increase exposure (dashed lines); 2, Y- to 
V-advancement flaps (dashes) will allow for skin excision; 3, a cen- 
tral posterior vertex incision (dashes) provides exposure for mini- 
plate placement. 


inferiorly and the temporal lines laterally, and posteriorly 
to the nuchal line. The supraorbital dissection is performed 
under direct endoscopic visualization. A 4-mm 30-degree 
scope is introduced into the central incision, and a small 
endoscopic elevator is used in the paramedian incisions. 
The supraorbital and supratrochlear nerves are identified 
and preserved by using blunt dissection with the endo- 
scopic scissors. The dissection is extended inferiorly over 
the orbital rims and onto the nasion (Fig. 185.19). 

The temporal incisions are extended through the tem- 
poroparietal fascia, preserving the superficial layer of the 
deep temporal fascia. The endoscope and the endoscopic 
periosteal elevator are used to dissect the lateral orbital 
rim region inferiorly to the zygomatic arch. The fused fas- 
cia planes of the galea, temporoparietal fascia, deep tem- 
poral fascia, and periosteum, which insert on the temporal 
line, are released with sharp dissection. The medial zygo- 
maticotemporal vein, also known as the “sentinel vein,” 
may be encountered 5 to 10 mm lateral to the zygomati- 
cofrontal suture and serves as an important landmark in 
identifying and preserving the temporal branch of the 
facial nerve (4,5). 

Transverse releasing incisions are made through the 
periosteum along the supraorbital margin to allow fore- 
head flap advancement. The corrugator and procerus mus- 
cles are divided by using the endoscopic scissors. Frontalis 
muscle division, although not routinely performed, may 
be performed between the supraorbital neurovascular bun- 
dles. Hemostasis is obtained with cauterization. 
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Figure 185.19 The supraorbital dissection is performed with the 
4-mm 30-degree scope in the central incision and a small endo- 
scopic elevator in the paramedian incisions. Periosteal relesaing 
incisions over the orbital margin and blunt elevation down to the 
zygomatic arch allow for flap advancement. 


Flap suspension and fixation are performed after 
advancement of the flap to predetermined levels. Several 
different flap-fixation techniques are described in the lit- 
erature, which include the following: (a) skin staples and 
taping, (b) microscrew placement in the paramedian inci- 
sions of the anterior flap and fixation with skin staples 
posterior to the microscrew, (c) suspension sutures with 
cortical microscrew fixation, (d) nylon suspension sutures 
with fixation to a posterior vertex titanium miniplate, 
(e) sutures secured through cortical bone tunnels, (f) 
absorbable screws and cortical anchors (Endotine Coapt 
Systems, Palo Alto, CA), and (g) fibrin glue (24-28). A 
surgeon’s experience or preference may determine to 
some degree the method of fixation used. Recent stud- 
ies, though, will help confirm or deny the scientific merit 
of some of these techniques. More specifically, fixation 
methods that rely on temporary means of fixations such 
as fibrin glue or removable transcutaneous screws are 
likely to be ineffective according to studies examining the 
time frame for periosteal adhesion. Perhaps the best study 
on the subject by Sclafani et al. (29,30) demonstrated 
that approximately a minimum of 6 weeks is required for 
adhesion between the cranium and overlying periosteum. 
An important study by Thomas et al. (31) comparing sub- 
periosteal versus subgaleal dissection in a rabbit model 
demonstrated that 8 weeks was required for the biome- 
chanical strength of the dissected flap to match undis- 
sected controls. Thus, short-term fixation is unlikely to 
be adequate to maintain brow elevation. Suture fixation 
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to a microscrew in the anterior flap incision is frequently 
used. Lateral forehead and brow suspension is obtained 
with superolateral flap advancement followed by fixation 
with 2.0 polydioxanone (PDS) sutures from the temporo- 
parietal fascia to the superficial layer of the deep tempo- 
ral fascia. A subperiosteal drain may be placed although 
this is not our practice. The scalp incisions are closed with 
surgical staples. A pressure dressing may be applied. The 
staples are removed on postoperative day 8 in the office. 
In general, today the commonly used fixation techniques 
include sutures with bone tunnels, resorbable fixation 
devices (ie, Endotine device), and microscrew/suture 
cortical fixation. 

The incidence of postoperative scarring, alopecia, and 
sensory neuropathy may be decreased in comparison with 
those after the standard coronal lift, although a recent pro- 
spective study and retrospective review has demonstrated 
that this does not make a clinically significant difference in 
objective sensory outcomes or subjective patient satisfac- 
tion (13). All other complications are similar to standard 
coronal-lifting techniques. The amount of forehead lifting 
that can be achieved and maintained has yet to be con- 
sistently confirmed. Although endoscopic forehead-lifting 
techniques offer distinct advantages, longer-term studies 
are needed to assess whether the results are comparable to 
those of the coronal procedures. Recent studies have dem- 
onstrated long-term efficacy of both types of lifts, with the 
most recent literature supporting the role of traditional 
open brow lifts (2,13-15,31,12). 


COMPLICATIONS 


Upper facial rejuvenation procedures may be performed 
with the patient under neuroleptic anesthesia if performed 
alone or under general anesthesia with more extensive facial 
rejuvenation procedures. The potential complications asso- 
ciated with any general anesthesia or surgery are present. 

Diagnosis of the deformities present in the upper face 
poses a greater challenge for the surgeon than does that 
for the lower face. As such, the surgeon must specifically 
identify both the patient’s concerns and the signs of aging 
that may be corrected by surgery. Such accurate diagnosis 
will lead to the choice of the most appropriate procedure. 
Patients must understand exactly what can and cannot be 
achieved with any given procedure, and their expectations 
must be realistic. Otherwise, they may be dissatisfied with 
a satisfactory surgical result. Specific potential complica- 
tions are discussed in the following sections. 


Bleeding 


Significant bleeding is rare but may be encountered 
from the superficial temporal artery in the coronal, pre- 
trichial, or trichophytic lifts or from the supratrochlear 
or supraorbital arteries in any of these procedures. In 
the lateral canthal region, bleeding may occur from the 


Section X: Facial Plastic and Reconstructive Surgery 


zygomaticotemporal artery. Absolute hemostasis with 
bipolar cautery is recommended. Heavy bleeding can occur 
from the scalp itself in the coronal forehead lift. We do 
not use Raney clips but believe that the vasoconstriction 
achieved with epinephrine in the local infiltration anes- 
thetic is most important. Scalp vessels in the galeal plane 
should be cauterized, taking care to avoid hair follicles. 


Sensory Nerve Injury 


Temporary hypesthesia or occasionally hyperesthesia may 
occur because of irritation of the supratrochlear and supra- 
orbital nerves during flap elevation over the supraorbital 
margin. In a recent anatomic discussion by Knize, two sites 
of potential injury to the supraorbital nerve are described: 
the deep division of the supraorbital nerve is inevitably 
injured with an initial incision through the galea as it runs 
just medial to the superior fusion line of the skull and, 
during subgaleal dissection, the same deep division of the 
supraorbital nerve may be injured more proximally where 
fusion between the galea and periosteum occurs at the 
level of the superior margin of the galeal fat pad (4). 

Permanent hypesthesia or anesthesia centrally just pos- 
terior to the coronal lift incision, up to 2 cm in diameter, is 
not uncommon. This is usually of no concern to patients, 
although they should be advised of this preoperatively. 
The pretrichial or trichophytic lift will cause a larger area 
of hypesthesia posterior to the incision line, especially in 
the short-term period after surgery (14). The browplasty 
procedure results in temporary hypesthesia over the lateral 
eyebrow margin for several months. 


Motor Nerve Injury 


The temporal branch of the facial nerve is at risk primarily 
in the zygomatic region, probably as much from the infil- 
tration of anesthesia as from surgical dissection. To decrease 
the risk of injury to this nerve laterally, the central forehead 
incision of the frontalis muscle should be kept between the 
pupils. If sharp hooks are used, they must be placed and 
removed judiciously, especially in the temporal region. 


Lagophthalmos 


It is most unlikely that lagophthalmos will occur when 
any of the forehead-lifting procedures is used alone. In the 
case of either a previous or concurrent upper blepharo- 
plasty, however, it is important to be conservative in excis- 
ing forehead skin or suspending the eyebrows to prevent 
inadequate upper eyelid closure, corneal exposure, and 
possible corneal scarring with visual loss. Inaccurate place- 
ment of the suspension sutures through the orbicularis 
oculi muscle in the browpexy procedure may cause tem- 
porary lagophthalmos. In most cases, the gradual resolu- 
tion of the overcorrected forehead or eyebrows associated 
with lifting procedures results in resolution of initial mild 


lagophthalmos. Patient compliance in using ophthalmic 
drops and ointment must be obtained in these early phases. 


Scar Widening 


Scar widening most often occurs in the temporal region, 
probably as a result of the oblique nature of the hair follicles 
and inaccurate beveling of the initial or excisional incisions 
in the coronal forehead lift. Excess tension or excess electro- 
cauterization also may contribute to loss of scalp follicles. 


Alopecia 


Patients may presume that they are experiencing hair loss 
if all hair trimmed during surgery is not combed out. True 
thinning resulting from follicle shock is unusual and often 
is preceded by a history of alopecia. If a secondary coronal 
lift is performed with the second incision posterior to the 
first, hair loss may occur between the two incisions. 


Infection 


Infection is rare. Its incidence is increased after hema- 
toma development in diabetic patients and in those who 
have protracted surgery. Patients are covered with a single 
dose of a broad-spectrum antibiotic 1 hour before surgery. 
Irrigation of the wound with antibiotic solution can be 
performed. Treatment consists of incision and drainage 
and intravenous or oral antibiotics where indicated. If per- 
manent sutures are used for the galeal closure, spitting of 
the sutures occasionally may occur. 


EMERGENCIES 


Hematoma 


A rapidly expanding hematoma under a forehead flap 
could compromise vascularity of the flap or at least pre- 
dispose to significant hair loss. This emergency is typically 
caused by branches of the superficial temporal artery at the 
superior helical root but also could occur from the supraor- 
bital or supratrochlear arteries. Immediate elevation of the 
flap with exploration and cauterization of bleeding sites 
should be done and a suction drain placed. Intravenous 
and then oral antibiotics are given to decrease the risk of 
subsequent infection. A smaller, localized hematoma, as 
in the glabella or associated with a direct brow lift, may 
be managed satisfactorily by using incision and drainage, 
followed by a compression dressing. This is repeated daily 
until no further recurrence of the hematoma is seen. 


Corneal Ulceration 


Comeal ulceration is most likely to occur in associa- 
tion with a coronal or direct browlift performed at the 
same time as an upper blepharoplasty or if the latter was 
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performed previously. Early recognition of exposure due to 
lagophthalmos is mandatory. Management includes oph- 
thalmic drops and ointment and an eye shield or a tarsor- 
thaphy if necessary. Early ophthalmologic consultation is 
indicated. 


Nerve Injury 


Partial and temporary sensory nerve injuries are not rare 
when any manipulation is carried out in the region of the 
supraorbital and supratrochlear nerves, especially during 
subgaleal dissection at the level of the galeal fat pad (4). 
Expectant observation is the rule. Frontal nerve injury 
resulting in partial or complete paralysis of the nerve 
also requires only hopeful observation; however, firm 
patient reassurance and frequent follow-up are required 
in view of the cosmetic nature of these procedures. 
Should function not return within 3 weeks, nerve stud- 
ies are performed to confirm the integrity of the nerve 
and to reassure the patient and surgeon. Long-term man- 
agement of any residual deformity would include direct 
brow lifting on the affected side to improve asymmetry 
in repose. 


DISCUSSION 


The past few years have seen a tremendous increase in 
interest in rejuvenation of the upper face. The coronal fore- 
head lift and direct brow lift have undergone numerous 
modifications to achieve more natural and superior results. 
This increase in surgical options mandates more accurate 
attention to deformity diagnosis and procedures selection. 
Some techniques are specific to a given indication, such 
as the use of the direct brow lift in a patient with unilat- 
eral forehead/eyebrow paralysis. Nonetheless, although 
clearly many approaches and techniques are used, the 
most frequently used types of forehead lift by the senior 
author are the trichophytic and coronal lifts. Although the 
1990s and 2000s saw a heightened enthusiasm for mini- 
mally invasive and endoscopic approaches, the longev- 
ity of these approaches has not been proven in long-term 
studies. LaFerriere and Perkins (11,23) summarized their 
experience with the endoscopic brow lift as compared with 
open forehead lifts by concluding that no difference in the 
results is apparent. However, more recent analysis of long- 
term results suggests that the answer is not so clear. Botha 
national survey by Elkwood et al. (12) and a study by Baker 
and Chiu (10) in reviewing the results of 21 New York sur- 
geons demonstrated complication rates that were closer 
to those of the open procedures than previously reported. 
Another recent prospective study and retrospective review 
by Rousso (13) demonstrates that although short-term 
sensory neuropathy is increased with open approaches, 
long-term results of objective neurosensory outcomes 
and subjective patient satisfaction are comparable. Johnson 
and Cilento (2) reported their experience with over 1,000 
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open browlift procedures and demonstrated excellent 
patient satisfaction and acceptably low rates of complica- 
tions. Although a trend toward the increasing use of open 
approaches and a decline of endoscopic approaches have 
been noted in experienced facial plastic surgeons, the nov- 
ice surgeon must recognize the value and utility of the 
endoscopic approach in the treatment of the aging fore- 
head (32,33). However, it is an acknowledgement that 
each patient must be assessed as an individual, taking into 
account the hairline, skin type, degree of rhytids, brow 
position, and the individual’s aesthetic goals before a sur- 
gical treatment can be recommended. 

Adjuvant treatments also are an important aspect of 
rejuvenating the upper one-third of the face. Botox has 
clearly changed how this region is addressed, as it pro- 
vides excellent effacement of dynamic rhytids and, thus, 
reduces the need to be as aggressive about performing sur- 
gical myoplasty. Filler materials based on hyaluronic acid 
such as Juvederm (Allergan Inc., Irvine, CA) or Restylane 
(Medicis Aesthetics, Scottsdale, AZ) provide a longer- 
lasting option to patients than did collagen, and future 
materials will likely continue to extend the duration of the 
efficacy of fillers. Finally, resurfacing techniques, whether 
they be chemical, laser, or light based (i.e, intense pulsed 
light), provide a solution to the finer rhytids of the skin. 
Skin surfacing serves to be synergistic with the effects of 
surgical treatments to the forehead. As resurfacing modali- 
ties continue to improve, so will the final results we will be 
able deliver to our patients. 


m The eyebrow is the key landmark in forehead aes- 
thetics. Its passive and dynamic characteristics, 
gender differences, and changes with aging are 
important factors in selecting the appropriate reju- 
venation procedure. 

m The major categories of lifting procedures for upper 
facial rejuvenation are the coronal forehead lift, 
endoscopic forehead lift, and the direct eyebrow lift. 

= Modifications of each have specific indications. 

= The most commonly used techniques today are the 
trichophytic forehead lift, endoscopic lift, and direct 
brow lift. 

m= Accurate diagnosis of each patient's specific com- 
plaints and findings is needed so that the correct 
procedure can be chosen. 

m The resultant scars should be explained in detail so 
that the patient can help choose the ideal procedure. 

= Acomplete ophthalmologic examination is required 
for patients who have had previous upper blepharo- 
plasty or in whom an upper blepharoplasty is to be 
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performed concomitant with forehead or brow lift- 
ing. Specific attention to dry-eye problems and con- 
servative surgery are indicated. 

= All incisions must be made to maintain hair follicle 
integrity and to avoid the first branch of the trigemi- 
nal nerve and the frontal branch of the facial nerve. 

m For long-lasting results, elevation of the forehead 
flap over the supraorbital margin and galeal suspen- 
sion are required. In direct brow-lifting procedures 
and their modifications, the orbicularis oculi mus- 
cle must be suspended to the periosteum. 

= To maintain a smooth forehead contour, incise 
rather than excise the procerus and frontalis muscles. 

m When redraping, overcorrect to allow the inevitable 
stretch-back. 

m= Forehead procedures may be indicated in patients 
who are not usually considered candidates, includ- 
ing young women who have premature ptosis of the 
eyebrows and men who do not have male-pattern 
baldness or are candidates for hair transplants. 

= Botox and fillers, especially hyaluronic acids, are 
excellent nonsurgical tools for rejuvenation of the 
aging forehead. 
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Upper Eyelid 
Blepharoplasty 


Jonathan M. Sykes 


Upper eyelid blepharoplasty is a common and often 
straightforward procedure; however, there are multiple 
considerations that need to be applied to each patient hav- 
ing surgery of the upper eyelid in order to ensure safety and 
optimal results. It is critical that the patient’s underlying 
concerns and pathology are identified prior to surgery. 
A patient who desires cosmetic upper eyelid blepharoplasty 
must be counseled appropriately about realistic expecta- 
tions, recovery time, and the details of elective surgery. The 
older patient who presents primarily with a complaint of 
decreased vision must be properly diagnosed: is there a 
change in visual acuity or ocular insult? Is brow ptosis or 
blepharoptosis contributing to the problem? Is the periph- 
eral loss of vision primarily from excessive upper eyelid 
skin, also known as dermatochalasis? A proper assessment 
of the patient’s desires and applied anatomy will maximize 
surgical outcomes and minimize complications. Success in 
upper eyelid blepharoplasty is guided by an understand- 
ing of surgical anatomy, patient motivational and medical 
history, the use of preoperative photography, appropriate 
surgical technique, and avoiding potential complications. 
This chapter outlines the preoperative considerations and 
surgical techniques for upper eyelid blepharoplasty. 


To perform upper eyelid blepharoplasty, a thorough 
understanding of the upper eyelid—brow complex, cross- 
sectional anatomy of the upper eyelid, and anatomic 
composition of the eyelid crease is necessary (Fig. 186.1) 
(1). The eyebrow and the upper eyelid skin constitute the 
upper eyelid—brow complex. The upper eyelid—brow complex 
moves the eyelid during expression and serves a functional 
role. The frontalis muscle acts on the brow as an elevator, 
and the orbicularis oculi acts on the brow as a depressor 
during eye closure and facial expression. When evaluat- 
ing the eyebrow, it is important to evaluate brow height, 
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inclination, and orientation (2). The brow lies along the 
supraorbital rim in men in a relatively straight position. 
In women, the hair of the brow arches above the superior 
orbital rim at its lateral extent. As individuals age, the fron- 
talis muscle can become atrophic and lax, allowing the 
brow to descend. In some patients, placing a finger on the 
eyebrow and returning it to its more youthful position may 
correct excess upper eyelid skin or loss of peripheral vision 
that would not be corrected with upper eyelid blepharo- 
plasty alone (3). 

In addition to evaluation of the upper eyelid—brow 
complex, an understanding of the tissue layers of the upper 
eyelid is critical to successfully perform upper eyelid bleph- 
aroplasty. There are several tissue layers in the upper eyelid, 
which are (from superficial to deep) skin, orbicularis oculi 
muscle, orbital septum, preaponeurotic fat, the levator aponeu- 
rosis, Miiller muscle, and the tarsus and conjunctiva. A sagittal 
section of the upper lid can help illustrate the levels and 
depths of the upper lid retractors, fat compartments, and 
the tarsal plate (Fig. 186.2) (1). 

The sectional anatomy of the upper eyelid begins with 
the skin. The upper eyelid skin is the thinnest skin in the 
body and is less than 500 microns thick. The skin of the 
upper eyelid is the thickest superiorly and the thinnest at 
the ciliary margin. Excess upper eyelid skin is often what 
patients wish to be surgically corrected. 

Beneath the thin upper eyelid skin is the orbicularis 
oculi muscle. This muscle has a radial, sphincter-like pat- 
tern around the eye and is considered part of the superfi- 
cial musculoaponeurotic system, mainly innervated by the 
zygomatic branch of the facial nerve. The muscle acts to 
close the eye, narrow the palpebral opening, and squint. 
The lateral ocular rhytids, or smile-lines that can appear 
in the skin over time, are perpendicular to the underlying 
orbicularis oculi muscle. The orbicularis oculi muscle can 
be very thin and easily incised along with the skin inci- 
sion. Conversely, the orbicularis oculi muscle can also 
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Figure 186.1 Topographic anatomy of the eyelids and eyebrow. 
(A) A vertical line drawn tangent to (B) the lateral limbus demar- 
cates the highest point of the eyebrow. The inferior hair-bearing 
line of the eyebrow typically rests 10 mm above the superior orbital 
rim. (C) The orbit boundaries. (D) The lateral canthus is positioned 
2 to 4mm superior to the level of the medial canthus. (E') The MRD, 
is measured from the upper eyelid margin to the corneal light re- 
flex at the level of the pupil. (E?) The lower eyelid margin measured 
to the corneal light reflex is the MRD,. The intrapalpebral distance 
is measured as MRD, + MRD, and ranges from 9 to 12 mm. (F) The 
palpebral width ranges from 28 to 30 mm. (G) The upper eyelid 
height ranges from 8 to 11 mm, depending on gender and ethnic- 
ity. (Adapted from Most SP Mobley SR, Larrabee WF Jr. Anatomy 
of the eyelids. Facial Plast Surg Clin North Am 2005;13(4):487-492.) 


be hypertrophic, causing lid thickening and excess eyelid 
squeeze (Fig. 186.3). 

The tissues that lie deep to the orbicularis oculi vary 
from superior to inferior and include the frontal bone, 
orbital septum, and tarsal plate. At the level of the brow, the 
orbicularis oculi muscle is superficial to the frontal bone 
and the superior orbital rim. Inferiorly, the orbicularis 
oculi muscle lies superficial to the orbital septum above 
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Figure 186.3 Orbicularis oculi muscle hyperfunction. Static and 
dynamic excess eyelid squeeze are shown. 


and the tarsus below. Three surgical designations of the 
orbicularis oculi exist according to the tissue beneath the 
muscle: there is an orbital, preseptal, and pretarsal portion 
(Fig. 186.4) (4). The fibrous tarsal plate is approximately 
8 to 9 mm in height and acts as a skeletal component that 
shapes and supports the arch of the lid. In addition, the 
tarsal plate contains meibomian glands at its inferior border. 
There are several layers of the upper eyelid that fuse and 
insert onto the tarsal plate, including the orbital septum 
and upper eyelid retractors. 

The orbital septum begins superiorly at the superior 
orbital rim as a reflection of the frontal bone periosteum. 


Figure 186.2 Sagittal section through orbit and 
upper eyelid. The superficial to deep anatomy of the 
upper eyelid is demonstrated. The thin upper eyelid 
skin overlies the orbicularis oculi muscle. Deep to the 
orbicularis oculi muscle is the orbital septum, which 
contains the preaponeurotic fat. The upper eyelid 
retractors are beneath the fat pad and consist of the leva- 
tor aponeurosis and Miller muscle. (Adapted from Most 
SP, Mobley SR, Larrabee WF Jr. Anatomy of the eyelids. 
Facial Plast Surg Clin North Am 2005;13(4):487-492.) 
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Figure 186.4 Periorbital musculature. The orbital, 
preseptal, and pretarsal segments of the orbicularis 
oculi muscle are shown. The frontalis muscle inserts 
at the level of the supraorbital rim and acts to el- 
evate the eyebrow. (Adapted from Codner MA, Ford 
DT. Blepharoplasty. In: Thorne CH, et al, eds. Grabb 
and Smith's plastic surgery. 6th ed. Philadelphia, PA: 
Lippincott Williams & Wilkins, 2007.) 


This reflection of the septum orbitale is called the arcus 
marginalis. The orbital septum has a white appearance (in 
contrast to the pink color of the orbicularis muscle) and acts 
as a barrier to infection. As the orbital septum becomes lax 
with age, underlying fat can prolapse anteriorly and infe- 
riorly, and this can cause visible bulges beneath the thin 
eyelid skin. 

The orbital contents contained by the orbital septum 
include preaponeurotic fat and the lacrimal gland. The 
preaponeurotic fat includes a medial fat pad and a central 
fat pad (Fig. 186.5) (4). The fat pads, in addition to the 
lacrimal gland, can all descend as the orbital septum con- 
nective tissue relaxes with aging. The prolapse of fat can 
create bulging beneath the thin upper eyelid skin (5). The 
preaponeurotic fat pads can also become prominent in 
blepharochalasis, a condition marked by intermittent eyelid 
edema. 


Eisler fat pad 


Lateral fat pad 


Figure 186.5 Postseptal orbital compartment. The 
nasal fat pad, central fat pad, and lacrimal gland are 
shown deep to the orbital septum. Prominent fat 
pads can be conservatively excised during upper eye- 
lid blepharoplasty. (Adapted from Codner MA, Ford 
DT. Blepharoplasty. In: Thorne CH, et al, ed. Grabb 
and Smith's plastic surgery. 6th ed. Philadelphia, 
PA: Lippincott Williams & Wilkins, 2007.) 
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Deep to the preaponeurotic fat are the muscular upper 
eyelid retractors. The upper eyelid retractors include the 
levator palpebrae superioris muscle (levator muscle) and 
Miiller muscle. The primary upper eyelid retractor is the 
levator muscle, which is suspended by the superior trans- 
verse (Whitnall ligament). Whitnall ligament extends from 
the fascia of the lacrimal gland laterally to the trochlea 
attachment medially. The ligament conceptually suspends 
the levator muscle and allows it to change directions 
(Fig. 186.6) (4). As the levator muscle descends from its 
superior condensation with Whitnall ligament, it becomes 
a thick aponeurosis that inserts onto the anterior face of 
the fibrous tarsal plate. The elevation of the tarsal plate by 
the levator muscle is controlled by motor fibers from the 
oculomotor nerve (cranial nerve III). 

In contrast to the levator muscle, Miller muscle is an 
involuntary smooth muscle lid retractor that receives 
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sympathetic innervation. When sympathetic tone is absent, 
such as in Horner syndrome, the eyelid is noticeably ptotic 
by 2 mm. During dissection in the postseptal compart- 
ment of the upper eyelid, Muller muscle is found beneath 
the levator aponeurosis. An arcade of vessels travels on the 
anterior surface of Miller muscle. 

The deepest layer of the upper eyelid is the conjunctiva, 
a clear mucous membrane that provides lubrication and 
protection to the sclera. The conjunctiva consists of a tar- 
sal component that lines the undersurface of the eyelids, 
fornix, the apex of the orbit/eyelid junction, and a bulbar 
component that adjoins the sclera of the globe. Preserving 
the conjunctiva helps protect against corneal damage. 

A component of the periorbital anatomy that deserves 
special mention is the composition of the upper eyelid 
crease. In Caucasian individuals, the upper eyelid crease is 
formed as the levator aponeurosis inserts onto the ante- 
rior surface of the tarsal plate, approximately 2 to 5 mm 
from its superior border, and has further insertions into the 
overlying skin at this level. Visually, these insertions cre- 
ate a fold in the upper eyelid that is usually 8 to 11 mm 
above the lid margin in women and 6 to 9 mm above the 
eyelid margin in men. In contrast to the Caucasian upper 
eyelid, the Asian eyelid has a crease that is much closer to 
the eyelid margin due to the orbital septum fusing with the 
levator aponeurosis above or at the level of the tarsal plate 
(Fig. 186.7) (6). With this difference in orbital septum 
insertion, in addition to lower or absent skin attachments, 
the fold of the upper eyelid obscures a prominent crease in 
the Asian eyelid. 


EVALUATION 


Motivational History 


Patients who seek upper eyelid blepharoplasty generally 
have functional problems or aesthetic problems. Often, 
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Figure 186.6 Orbital suspensory attachments. The 
levator palpebrae superioris muscle is shown as it 
descends from Whitnall ligament to the anterior face of 
the tarsal plate. (Adapted from Codner MA, Ford DT. 
Blepharoplasty. In: Thorne CH, et al, ed. Grabb 
and Smith's plastic surgery. 6th ed. Philadelphia, 
PA: Lippincott Williams & Wilkins, 2007.) 


both functional and aesthetic issues coexist. It is important 
to identify the goals and concerns of the patient in order to 
formulate the correct treatment plan. 

In the patient who presents with a complaint of decreased 
vision, the consultation should begin with a thorough his- 
tory of the problem. Patients who suffer from brow ptosis 
or dermatochalasis associated with aging often recount a 
gradual loss in their peripheral vision. Some patients will 
report that when they lift up their eyelids or eyebrows, 
they can see normally again. For other patients, visual acu- 
ity may be so poor at baseline that no manipulation of 
the periorbital skin improves their visual fields. For these 
patients, the risks of surgery may outweigh any benefits. As 
the visit proceeds, four patient assessment questions must 
be answered: (a) What is the brow position? (b) Is there any 
upper eyelid ptosis? (c) What is the baseline visual acuity? 
(d) Is the patient a candidate for elective surgery? 

In addition to visual complaints, patients request upper 
eyelid blepharoplasty for aesthetic reasons. Communication 
with patients desiring a change in the appearance of their 
upper eyelid is of paramount importance. It is essential to 
understand what the patient’s expectations are from the 
procedure and to manage these in such a way that a real- 
istic outcome is conveyed and understood. Patients may 
desire a removal of excess skin or fat, or an alteration in the 
shape or position of the upper eyelid crease. The extra time 
devoted to managing the expectations of a cosmetic patient 
is always time well spent. 


Medical History 


It is important to obtain a thorough preoperative medi- 
cal history. For patients undergoing blepharoplasty, it is 
important to evaluate for any underlying connective tis- 
sue or bleeding disorder that will affect the outcome of the 
surgery or lead to poor results. Patients need to be asked 
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The upper eyelid crease. Anatomical variations can result in the absence of the 
upper eyelid crease. On the left, a sagittal section represents the Caucasian upper eyelid, with der- 
mal attachments extending from the levator aponeurosis to the skin, resulting in an upper eyelid 
crease. On the right, the lower insertion of the orbital septum on the levator aponeurosis and lack of 
extensions into the dermis result in the absence of the upper eyelid crease. (Adapted from Chen SH, 
Mardini S, Chen HC, et al. Strategies for a successful corrective Asian blepharoplasty after previously 


failed revisions. Plast Reconstr Surg 2004;114(5):1270-1277.) 


about a history of bleeding with prior surgeries and blood 
pressure control and asked to stop any elective anticoagu- 
lant medication 5 days prior to the operation. Any herbal 
medications known to have an anticoagulant effect must 
also be stopped 2 weeks prior to surgery. Patients must dis- 
continue supplements containing vitamin E, ginkgo, fish 
oil, garlic, and any substance that may pose extra risk. A 
smoking history is also important to obtain, as cigarette 
smokers are at higher risk for poor wound healing. 

An ocular history must also be included in the evalua- 
tion of a patient seeking blepharoplasty. This includes any 
previous eye surgeries, refractive eye surgery, and a history 
of glaucoma, cataracts, or ocular trauma. If the patient has 
a known “dry eye syndrome,” this is also important to 
note, as this may place them at higher risk for postopera- 
tive corneal abrasion and serious eye exposure problems. 
Patients who have undergone a previous blepharoplasty 
will have expectant scar tissue and mandate a conservative 
approach to avoid excessive lagophthalmos or scleral show. 


Physical Exam 


Upper blepharoplasty is an elective procedure. Any physi- 
cal exam of a patient desiring blepharoplasty should begin 
with a global assessment of the patient’s general health 
and well-being, and the examiner should draw a conclu- 
sion about the patient's candidacy for elective surgery. The 
physician should assess the character of the facial skin 


and global changes of aging. It is also important to note 
the solar changes of the skin and to note any suspicious 
skin lesions over the face that may warrant further atten- 
tion. The physical exam should proceed with evaluation of 
visual acuity and a neurologic exam. Following this, a peri- 
ocular exam should be done, including an evaluation of 
symmetry, brow position, eyelid skin, upper eyelid height, 
fat prolapse, and levator function. As one examines each of 
these factors, a treatment plan can be formulated. 

Assessing visual fields and visual acuity are an impor- 
tant part of the preoperative exam. Patients will often 
report a change in their visual fields from drooping of the 
brow or upper eyelid. Documenting visual field changes is 
important prior to upper eyelid blepharoplasty. A superior 
visual field loss of 20% or 15 degrees is often required for 
insurance coverage. Patients can undergo visual field test- 
ing in a neutral position and then with their eyelids or 
brows suspended upward with tape to document potential 
gains from the surgery. Methods of visual field testing can 
include using an automated visual field technique or tan- 
gent screen technique in which a patient is seated 3 feet 
from a target that is advanced closer to the patient until it 
comes into view for the tested eye. These exams can be done 
in conjunction with the patient’s ophthalmologist (7). 

The patient’s vision prior to surgery may determine 
their candidacy for elective upper eyelid blepharoplasty. If 
a patient is legally blind or has dismal visual acuity at the 
time of consultation, the functional improvements from 


performing the surgery may be nominal. Any previously 
undiagnosed or undocumented changes in visual acuity or 
baseline vision should be formally assessed by an ophthal- 
mologist prior to any elective surgery. 

Along with an assessment of vision, the patient should 
undergo a standard neurological exam, with attention to 
pupillary reaction and extraocular muscle function. Lid 
tone and movement should be carefully examined, with 
care to note any ptosis, or the presence of poor eyelid clo- 
sure or scleral show from a weakness in the facial nerve. 
Sensation of the eye can be tested by performing a corneal 
reflex exam. 

In addition to an assessment of vision and a neurologic 
evaluation, a periocular exam is done to formulate a treat- 
ment plan for the patient and identify what pathology is 
present. A periocular exam includes the evaluation of sym- 
metry, brow position, quality of the eyelid skin, upper 
eyelid height, fat prolapse, and levator function. 

Upper eyelid symmetry is important aesthetically and 
functionally. The surgeon can strive to measure and create 
symmetric upper eyelid height and to create bilateral scars 
that are of equal length and position. The patient and sur- 
geon should discuss facial asymmetries before surgery and 
understand that baseline asymmetries may persist after the 
operation. 

As part of the periocular exam, the brow position needs 
to be carefully noted. In men, the maximal point of brow 
height should occur in the midpupillary line, and the brow 
should be oriented relatively straight along the superior 
orbital rim. In women, the maximal brow height should 
occur at the level of the lateral limbus, with the brow lying 
slightly above the superior orbital rim and having a tem- 
poral arch. Noting the brow position helps to diagnose 
what changes and underlying conditions are contribut- 
ing to a patient’s decrease in peripheral vision or what is 
causing them to have excess skin laxity of the upper eye- 
lid. If raising the brow to its natural anatomic or youthful 
position improves an individual's visual fields or cosmetic 
complaints, the patient may benefit the most from a brow 
lift alone or a brow lift in conjunction with upper eyelid 
blepharoplasty. 

Following an exam of the brow, the quality of the upper 
eyelid skin is assessed. Excess and atrophic skin is common 
in the senile upper eyelid. The removal of redundant skin 
should not alter the position of the upper eyelid margin. 
Conversely, some patients may have limited upper eyelid 
skin, a preexisting condition causing lagophthalmos, or 
scleral show. Removal of skin in these patients may cause 
problems associated with corneal exposure. 

An assessment of the upper eyelid height and crease is 
an important part of the periocular exam. The upper eyelid 
can be obscured by excess skin, can have an absent crease, 
or can be excessively long or blunted. The ideal upper 
eyelid crease height is 8 to 11 mm in women and 6 to 9 mm 
in men. In patients who have an absent crease, such as in 
the Asian eyelid, the underlying orbital septum may insert 
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at the superior edge of the tarsus, or low along the tarsal 
border, and the levator aponeurosis may lack any dermal 
attachments (Fig. 186.7). These anatomic relationships 
can be altered surgically to create a crease. An excessively 
long or blunted crease can be a result of underlying pto- 
sis, previous blepharoplasty, or loss of fat and periorbital 
volume. 

The periorbital fat can bulge and prolapse beneath the 
thin upper eyelid skin as the orbital septum weakens with 
age. The removal of fat depends on the patient’s anatomy 
and the goals of the operation. A “hollowed” look can 
often result from overaggressive fat excision. In contrast to 
the lower eyelid, which has a medial, central, and lateral 
fat compartment, the upper eyelid has only a medial and 
central compartment, with the lateral space occupied by 
the lacrimal gland. Any one of these compartments, and 
the lacrimal gland itself, may contribute to the appearance 
of excessive skin and volume descent in the upper eyelid. 
The assessment of prolapsed fat and possible asymme- 
tries between the upper eyelid fat compartments should 
be noted with the patient preoperatively, and expectations 
and goals should be clarified. 

In addition to fat prolapse, the position and mobility 
of the eyelid margin needs to be examined. It is important 
to assess any level of upper eyelid ptosis and the levator 
function in all patients undergoing upper blepharoplasty. 
Many patients who desire upper blepharoplasty or are 
referred for decreased central and/or peripheral vision will 
suffer from blepharoptosis (ptosis). The otolaryngologist 
needs to know how to assess both the degree and amount 
of ptosis and the function of the levator mechanism. In 
broad terms, ptosis is an abnormally low upper eyelid 
margin with the eye in primary gaze. Ptosis can be either 
congenital, in which the levator muscle usually does not 
function properly, or acquired, in which the levator apo- 
neurosis has become dehiscent, or has lax insertions to the 
anterior tarsal plate. In acquired or involutional ptosis, the 
muscle will still function, but will not provide the level of 
lid lift to accommodate the patient’s visual fields. 

The physical examination for ptosis and levator func- 
tion begins with a measurement of the relationship of the 
upper eyelid margin to the central corneal light reflex. A 
penlight can be used to create the reflex, and a measur- 
ing tape can be used to assess the marginal reflex distance 
(MRD,), or the distance between the edge of the upper 
eyelid and the reflex. In patients without ptosis, a normal 
measurement for this is approximately 4 to 5 mm. The dis- 
tance between the optimal eyelid level and the actual level 
is the amount of ptosis. The MRD, is the distance from the 
lower eyelid margin to the central corneal reflex, and it is 
by adding the MRD, and MRD, together that the opening 
of the eye or palpebral fissure can be measured. The average 
palpebral fissure will measure approximately 9 mm. 

Activation of the levator muscle results in retraction of 
the upper eyelid, with a resultant increase in the palpebral 
opening. Levator function can be measured by holding the 


3080 


eyebrow in place to isolate the eyelid retractors and asking 
the patient to close the eye or look down, followed by per- 
forming an extreme upgaze (Fig. 186.8). A measuring tape 
can be used in the extreme upgaze position to document 
the distance between downgaze and upgaze. The maximal 
excursion of the upper lid, or levator function, is normally 
greater than 15 mm. Levator function between 12 and 15 mm 
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is considered good, and less than 9 mm of function is 
poor. If the levator function is abnormal, a diagnosis other 
than acquired/involutional ptosis needs to be considered, 
and the differential diagnosis includes an extended list of 
neurological, autoimmune, neoplastic, endocrine, genetic, 
and connective tissue disorders. The assessment of levator 
function and the diagnosis of ptosis is a critical part of the 


ASSESSING LEVATOR FUNCTION 
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Figure 186.8 Testing levator function. In order to correctly diagnose and treat the underlying 
cause of ptosis, levator function is assessed. This is done by measuring the palpebral aperture in 
neutral position, downgaze, and upgaze. The maximal excursion of the upper lid, or levator function, 
is normally greater than 15 mm. (Adapted from Newman ML, Spinelli HM. Reconstruction of the 
eyelids, correction of ptosis, and canthoplasty. In: Thorne CH, et al. eds. Grabb and Smith's plas- 
tic surgery. 6th ed. Philadelphia, PA: Lippincott Williams & Wilkins, 2007. From Spinelli HM. Ptosis 
and upper eyelid retraction. In: Spinelli HM, ed. Atlas of aesthetic eyelid and periocular surgery. 


Philadelphia, PA: Elsevier, 2004:96.) 


ocular physical exam. The surgical correction for ptosis is 
markedly different than simply performing an upper eyelid 
blepharoplasty and may involve reinsertion of the levator 
aponeurosis onto the anterior surface of the tarsal plate to 
achieve the desired result. 


PHOTOGRAPHY 


Preoperative photography not only aids the surgeon in 
devising the operative plan but may also be a prerequi- 
site for insurance carriers. Photographs should include 
a frontal view of the face, in addition to standard lateral 
and oblique views. Close-up photos of the eyes in open 
and closed position help to document skin excess and fat 
prolapse, in addition to palpebral fissure and levator func- 
tion. There are often preexisting asymmetries in the eyelids 
and periorbital fat that are obscured after the infiltration 
of local anesthetic, and preoperative photographs help to 
document these. 


THE OPERATION 


Every eyelid surgery should preoperatively define what the 
goals are, which may be to remove extra skin, change the 
skin contour, address excess muscle, remove or transpose 
fat, elevate the level of the upper eyelid margin, or alter 
the upper eyelid crease. The surgical techniques employed 
are organized around the goals. Upper eyelid blepharo- 
plasty will not correct asymmetric brow or brow ptosis, lat- 
eral ocular rhytids or “crow’s-feet,” malar or cheek fat pad 
descent, or fine lines and wrinkles around the eye. These 
complaints can be addressed with a brow lift, the use of 
selective botulinum toxin (Fig. 186.9), midfacial or malar 
implants, deep plane facelifts, or skin resurfacing. 


Surgical Technique 


In patients who have the chief complaint of skin excess, 
the amount of extra skin removed is determined by a 
patient’s anatomy. A 12-mm height of infrabrow skin needs 
to remain intact to allow adequate eyelid closure and to 
avoid eyelid margin malposition. The upper eyelid crease 
can be marked in the preoperative holding area or with the 
patient sitting up to achieve the greatest accuracy. The sur- 
gical markings should start with a central mark above the 
pupil at the level of the desired upper eyelid height. A sec- 
ond mark is made in the midpupillary line, directly above 
the initial mark which will determine the amount of skin 
removed. Between these two points is skin to be excised. It 
is critical that at least 20 mm of skin is left from the upper 
lid margin to the brow line or superior orbital rim in order 
to avoid lagophthalmos and preserve independent upper 
lid movement from the frontalis muscle. 

After the two central marks are made, an ellipse is drawn 
out with medial and lateral limbs. The medial and lateral 
limbs should be checked for distance from the upper eyelid 
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Figure 186.9 Sites of botulinum toxin injection for periocular 
rejuvenation. The black dots signify potential injection sites for 
botulinum toxin to treat glabellar rhytids and “crow’s-feet,” which 
are not addressed by surgery of the upper eyelid. (Adapted from 
Hetzler L, Sykes J. The brow and forehead in periocular rejuvena- 
tion. Facial Plast Surg Clin North Am 2010;18(3):375-384.) 


margin, so that the distance along the inferior aspect of the 
incision stays relatively equidistance from the upper eye- 
lid margin. A medial upcut or lateral triangulation can be 
included in the marking, according to surgeon preference, 
in order to aid in cosmetic closure. The lateral extent of the 
skin marking should remain medial to the lateral orbital 
rim and can be placed in a rhytid. After completing the skin 
markings, it is important to reexamine each mark for sym- 
metry and to assure that adequate skin will remain after 
the skin excision is completed. It is at this time that moder- 
ate modifications of skin markings should be made. The 
patient can be asked to open and close the eyes to assess 
the markings for accuracy and symmetry (Fig. 186.10). 
Monitored anesthesia care and local anesthetic are ade- 
quate for most patients undergoing upper eyelid blepharo- 
plasty. The eyelid skin can be injected with 1% lidocaine, 
1:100,000 epinephrine loaded into a 1-mL syringe with a 
30-gauge needle. The tip of the needle is gently inserted 
into the upper eyelid with the goal of injecting between 
the skin and the muscle to avoid a hematoma. Small ali- 
quots of local anesthetic can be delivered in the area to 
be excised, and pressure can be held over the injected area 
with gauze. The upper eyelid skin is very thin, and the injec- 
tion should be very shallow. Approximately 1 to 1.5 mL of 
local anesthetic is injected into each upper eyelid. 
Following the injection of local anesthesia, the patient 
is prepped and draped while the surgeon scrubs. The entire 
face should be included in the surgical field. A head wrap 
is placed, and the neck is toweled off. Because the upper 
eyelid skin is thin and lax, it can be difficult to make accu- 
rate incisions. For this reason, tension and countertension 
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on the skin must be made by the surgeon and assistant to 
facilitate precise skin incision. The surgeon stands or sits at 
the patients head and makes the lower incision first with an 
assistant providing gentle countertraction on the upper lid. 
The skin incision can be made with a scalpel which provides 
clean wound edges. The upper limb is then incised, with an 
assistant providing gentle inferior countertraction on the 
area to be excised. If needed, the medial and lateral corners 
can be completed with scissors at the beginning of the dis- 
section. After the skin is incised, the lateral corner of the 
incision is grasped with fine-tipped forceps. Using scissors, 
a plane directly beneath the skin is established. In addition 
to grasping forceps, the long finger of the nondominant 
hand can be used to provide medial pressure on the skin 
to be excised in order to facilitate the development of the 
proper plane. As the skin excision reaches its medial extent, 
a small upcut can be made at the corner of the ellipse to 
facilitate skin redraping for the closure (Fig. 186.10). 


Figure 186.10 Operative technique in upper eyelid blepharo- 
plasty. A right upper eyelid surgical marking is shown. There is a 
minimum of 12 mm of infrabrow skin preserved. Marking of the 
upper eyelid precedes the injection of local anesthestic, which is 
shown in the middle image. The strip of upper eyelid skin is then 
sharply excised (bottom image), with care to preserve the under- 
lying orbicularis oculi muscle. 
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In addition to the removal of skin, some patients may 
also need a strip of muscle excised. Many authors think that 
minimal or no muscle should be removed because muscle 
excision can cause dysfunction of the orbicularis oculli. 
However, in rare instance, muscle can be hypertrophic, 
causing excess squeeze on the upper eyelid and thickening 
(Fig. 186.3). In these cases, a strip of muscle can be removed. 

Patients may have prolapsed upper eyelid fat pads that 
need to be addressed. Fat excision is accomplished after the 
excision of skin and begins with identifying the orbital sep- 
tum. The orbital septum is beneath the orbicularis oculi 
muscle and contains the medial and central fat pads. A 
conservative approach is advised in order to avoid an aged 
or hollow appearance. The orbital septum can be opened 
over the fat pad of interest. The orbital septum is thin and 
pale and can be difficult to identify in some patients. If 
there is doubt about the location of the orbital septum, 
it is best to work superiorly instead of inferiorly to avoid 
damage to the levator aponeurosis at the level of the tarsus. 
Gentle pressure can be placed on the globe to exaggerate 
fat prolapse and identify the fat to be excised. The septum 
can be delicately teased off of the enderlying fat pad. The 
fat can be gently mobilized inferiorly and also superiorly 
toward the superior orbital rim. The central fat can be dis- 
sected off of the underlying levator aponeurosis. The fat 
pad is often covered by a delicate, thin capsule. This can be 
incised to reveal prominent yellow fat tissue. Patients will 
often require further injection with local anesthetic during 
this portion of the case. The base of the fat to be excised 
should be cauterized to avoid retraction of bleeding tissue. 
It is important not to remove all of the visible fat pad and 
to avoid excess traction on the fat as it is excised. This trac- 
tion can cause trauma to deep vessels which may retract 
and later cause intraorbital hematoma. Traction on the 
orbital fat also misleads the surgeon into thinking deeper 
orbital fat needs resection. To remove fat from the medial 
compartment, the orbital septum can be opened medially 
with care to avoid the medial palpebral artery, which can 
cause brisk bleeding. 

The levator aponeurosis lies beneath the orbital fat, and 
this can be repositioned in patients who desire a change 
in lid margin height or in the creation of an upper eye- 
lid crease. For patients with involutional ptosis, whose 
upper eyelid margin is encroaching over the aperture of 
the pupil, the elevation of the upper eyelid may markedly 
improve vision. This is accomplished by identifying the 
preaponeurotic fat beneath the orbital septum and gently 
reflecting this superiorly. The levator aponeurosis will be 
visible under the fat, as a thickened, white condensation 
of muscle that travels inferiorly toward the tarsal plate. The 
patient can be asked to open the eye to confirm its loca- 
tion, as it will retract superiorly. At this point, if the leva- 
tor aponeurosis is dehiscent from the tarsal plate, it can 
be reattached using medial, central, and lateral 4-0 Vicryl 
sutures. The suture can be thrown in a horizontal mattress 
fashion from the edge of the aponeurosis, to the anterior 


upper third of the tarsal plate. It is important not to pass 
any suture deep through the conjunctiva. The amount of 
lid elevation can be confirmed before the suture is secured 
by asking the patient to open the eye and examining 
the amount of distance achieved from the pupil and lid 
margin. The levator aponeurosis can also be sutured to the 
deep dermis at the level of a desired upper eyelid crease in 
Asian upper eyelid blepharoplasty (Fig. 186.11). 

After all aspects of the upper eyelid blepharoplasty have 
been performed, the incisions are closed (Fig. 186.12). 
Due to the very thin nature of the upper eyelid skin, heal- 
ing is usually rapid and results in a minimally visible scar. 
Despite the various type of surgical closures and suture 
materials, upper blepharoplasty incisions result in excel- 
lent scars. The overarching goal of closure is to facilitate 
good wound healing with a low risk of dehiscence and 
visible scar. The closure will create the neo-lid crease and 
can be done with a 7-0 nylon running suture with minimal 
grasp of the wound edges by the suture. Any areas of ques- 
tionable strength can be reinforced with an interrupted 
stitch. Alternately, the wound can be closed with a running 
6-0 fast gut suture with a central interrupted 6-0 suture 
placed for extra insurance against dehiscence. The suture 
line can be very delicate, and too much manipulation 
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Creation of an upper eyelid crease. A sectioned 
upper eyelid is shown on the far left. The skin, orbicularis oculi 
muscle, and orbital septum have been dissected away from the 
levator aponeurosis. A horizontal mattress stitch has been placed 
superiorly in the levator aponeurosis and inferiorly in the deep der- 
mis. In the middle image, the suture has been tightened. The im- 
age on the far right demonstrates the formation of the new upper 
eyelid crease after suturing. 


postoperatively can lead to wound problems. Patients are 
advised to avoid rubbing the eyes and to abstain from vig- 
orous physical activity in the postoperative period. Ice can 
help with bruising and swelling. 


Preoperative and postoperative photographs after blepharoplasty. (Top) 
Preoperative frontal and oblique views of the eyes are shown, demonstrating dermatochalasis and 
global changes of aging. (Bottom) There is youthful restoration of the periorbital skin following 
bilateral upper and lower blepharoplasties. 
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COMPLICATIONS 


Section X: Facial Plastic and Reconstructive Surgery 


CONCLUSION 


Complications of upper eyelid blepharoplasty are rare and 
include bleeding, infection, and the need for revision sur- 
gery (8). Asymmetry between the two upper eyelids is the 
most common complication, and this is best avoided with 
careful preoperative markings. Preexisting asymmetries in 
lid position or brow position may contribute to postoper- 
ative asymmetry. The interruption of the orbicularis oculi 
can occasionally contribute to corneal exposure problems, 
which usually resolve as the muscle regains functionality. 
In the interim, corneal protection can include the use of 
eye lubricants and gentle massage. The presence of cor- 
neal exposure from lagophthalmos can be the result of 
over aggressive skin excision, which is especially problem- 
atic in revision upper blepharoplasty or in patients with 
known dry eye syndrome. In extreme cases, this can be 
treated with skin grafting, but at the expense of an ideal 
cosmetic result. Blindness following upper lid blepharo- 
plasty is extremely rare and can result from postoperative 
hematoma formation. If recognized in a timely fashion, 
it may be possible to evacuate the hematoma and restore 
vision. 

In managing and diagnosing complications, it is impor- 
tant that the patient have easy access to medical care and 
examination. The patient should be counseled about 
what is normal after surgery and what is not normal. It is 
expected that the patient will experience tenderness at the 
surgical site and some blurry vision from any ointment 
used. Abnormal postoperative events would be for the eye 
to swell shut, for pain to be severe, or for there to be any 
true vision change or loss. 


Upper eyelid blepharoplasty can be a very rewarding 
operation for the surgeon and patient, alike. It is criti- 
cal to properly diagnose any underlying brow descent 
or ptosis prior to upper blepharoplasty in order to offer 
patients the correct surgical treatment for their complaint. 
Taking a careful preoperative history and performing an 
attentive physical examination is important to ensure good 
outcomes. The expectations of the patient must be clearly 
understood and managed. Careful diagnosis and attention 
to detail will help avoid any untoward complications and 
minimize patient dissatisfaction. 
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Lower Eyelid 
Blepharoplasty 


Stephen W. Perkins 


Lower eyelid blepharoplasty is one of the most common 
and technically challenging procedures in facial plastic sur- 
gery. Unlike upper eyelid blepharoplasty, surgery on the 
lower eyelid has a lower threshold for error and a higher 
potential for complications. Most blepharoplasty sur- 
geons will encounter unexpected postoperative outcomes. 
Because of this, an intimate understanding of anatomy, 
methodical evaluation of patients, obsessional intraopera- 
tive treatment of tissue planes, and prompt recognition of 
complications are required for success in this detail-driven 
and rewarding procedure. 


The upper and lower eyelids contain analogous structures. 
Knowledge of upper eyelid anatomy begets understanding 
of its lower counterpart. 

The eyelids are divided into lamellae. The anterior 
lamella is composed of skin and the orbicularis oculi mus- 
cle. While the skin of the eyelid is the thinnest in the body, 
the thickness of the orbicularis is variable. The posterior 
lamella is composed of the tarsal plates, capsulopalpe- 
bral fascia, and palpebral conjunctiva. The capsulopalpe- 
bral fascia is part of the lower eyelid retractor and is an 
extension of the inferior rectus muscle. The middle lamella 
refers to the orbital septum (Fig. 187.1). 

The lower eyelid is critical in creating a natural “almond” 
shape to the palpebral fissure. It is most commonly angled 
slightly upward, with the lateral canthus being 2 mm 
higher than the medial canthus. Variations exist, as the 
palpebral fissure can be angled downward or neutral. The 
lower eyelid margin should rest at the inferior limbus of 
the iris. Maintaining these topographical relationships is 
important in blepharoplasty. 

The lower eyelid has three described fat pads: medial, 
central, and lateral. The inferior oblique muscle separates 
the medial and central fat pads. The central and lateral fat 
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pads are separated by the arcuate expansion of Lockwood 
ligament. The medial fat pad is most commonly transposed 
to efface the “tear trough deformity” (as described below). 

The inferior oblique muscle can be vulnerable to injury 
during lower lid blepharoplasty. It originates from the 
orbital floor lateral to the nasolacrimal canal. It takes a 
posterolateral course, passes inferior to the inferior rec- 
tus muscle, and inserts on the globe. Injury to the inferior 
oblique can result in a range of disability, from transient 
diplopia to permanent strabismus. This complication can 
largely be avoided by only transecting fat that protrudes 
anterior to the orbital septum (1). 

The blood supply to the lower eyelid is through rich 
anastomoses between the internal and external carotid 
artery systems. The major arteries include the dorsal 
nasal, angular, infraorbital, transverse facial, zygomatico- 
facial, and medial palpebral. From a surgical perspective, 
the plane between the orbital septum and orbicularis is 
relatively avascular. However, meticulous hemostasis is 
required when dissection proceeds anteroinferiorly (as 
performed in fat transposition) or posteriorly (as per- 
formed during routine access to fat pockets). 

The sensation to the lower eyelid is from branches of 
the infraorbital nerve, a terminal branch of the maxillary 
division of the trigeminal nerve. The motor innervation is 
through the oculomotor and facial nerves. 


Knowledge of a few basic terms is required for effective 
communication with regard to lower eyelid blepharoplasty. 

Orbital fat pseudoherniation or palpebral bags: 
Bulging of orbital fat that is seen in conjunction with a 
weakened orbital septum and/or relaxation of Lockwood 
ligament. Visible pseudoherniation of orbital fat disrupts 
the normally smooth transition between the eyelid and 
cheek subunits and creates an “aged” or “tired” appearance. 
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Figure 187.1 Anatomy of the lower eyelid. 


It is considered to be the most common indication for 
lower eyelid blepharoplasty (Fig. 187.2). 

Dermatochalasis: Excess skin of the eyelid (Fig. 187.3). 
Dermatochalasis should not be confused with “blepharo- 
chalasis,” which is a rare inflammatory disorder of the eye- 
lids characterized by recurrent edema. 

Orbicularis hypertrophy: Increased thickness of the 
preseptal or preorbital portions of the orbicularis oculi 
muscle (Fig. 187.4). This sign is often mistaken for orbital 
fat pseudoherniation. 

Scleral show: The measurement of white (sclera) show 
between the inferior limbus of the iris and the margin of 
the lower eyelid when the head is in the Frankfort horizon- 
tal plane (Fig. 187.5). 

Negative vector: Seen when the anteriormost point of 
the cornea projects beyond the inferior orbital rim. Most 
commonly recognized on profile view (Fig. 187.6). 

Lower eyelid laxity: Horizontal excess of the lower eye- 
lid that occurs as the result of aging. Clinically determined 
by the snap and/or distraction tests (Fig. 187.7). 


Figure 187.2 Orbital fat pseudoherniation, considered the most 
common indication for lower eyelid blepharoplasty. 
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Ectropion: Outward turning of the eyelid margin away 
from the globe (Fig. 187.8). 

Entropion: Inward turning of the eyelid margin toward 
the globe. 

Tear trough deformity: The soft tissue surface depres- 
sion seen along the medial inferior orbital rim, often accen- 
tuated by orbital fat pseudoherniation (2) (Fig. 187.9). 

Double convexity deformity: The contour deformity 
that results from descent of the suborbicularis oculi fat pat 
below the arcus marginalis and weakening/bowing of the 
orbital septum above the arcus. Most commonly seen on 
three-quarters or profile view. This deformity is considered 
an indication for fat repositioning in lower eyelid blepha- 
roplasty or midface lift (3) (Fig. 187.10). 

Festoons: Redundant folds of lax skin and orbicularis 
muscle that hang in a hammock-like fashion from canthus 
to canthus (4) (Fig. 187.11). 

Malar mounds or bags: The soft tissue convexity seen 
between the orbicularis retaining ligament and the zygo- 
maticocutaneous ligament. As aging occurs, the “fixed” 


Figure 187.3 Lower eyelid dermatochalasis. 
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Orbicularis hypertrophy of the lower eyelid. Note Lower eyelid laxity. Blepharoplasty in patients with 
the thickness of the orbicularis without pseudoherniation of this finding necessitates lid-supporting adjunctive procedures. 
orbital fat. 


Scleral show. Note that the lid margin rests below Ectropion. Note the outward turning of the lid 
the lower limbus of the iris. margin away from the globe. Blepharoplasty in patients with this 
finding necessitates lid-supporting adjunctive procedures. 


Negative vector orbit. Note that the anteriormost “Tear trough” deformity. 
projecting point of the cornea projects beyond the inferior 
orbital rim. 
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“Double convexity” deformity. Note the contour 
deformity that results from bowing of the orbital septum above 
the arcus marginalis and descent of the suborbicularis oculi fat pad 
below the arcus. 


nature of the ligaments causes a visible disruption in the 
contour between the eyelid and cheek (Fig. 187.12). 


The ideal lower eyelid blepharoplasty patient is healthy, has 
reasonable expectations, and presents with findings easily 
correctable with a surgical procedure. In order to determine 
appropriate candidacy, the surgeon must be prepared to 
look for and elicit for pertinent signs and symptoms. 

An evaluation should always begin with an assessment 
of the patient’s motives and expectations. Lower lid bleph- 
aroplasty can correct orbital fat pseudoherniation, excess 
skin and muscle, mild festooning, and tear trough defor- 
mities. However, if the patient’s main concerns include 
abnormal skin pigmentation, fine rhytids, or large malar 
bags, the surgeon must explain that a blepharoplasty is not 
the appropriate procedure (5) (Fig. 187.13A and B). 


Lower eyelid festoons. 
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Malar mounds. This finding is not easily correct- 
able with standard blepharoplasty approaches. 


When discussing medical history, the surgeon should ask 
about thyroid eye disease, poorly controlled hypertension, 
anticoagulant use, blepharitis, facial nerve dysfunction, his- 
tory of keloid scars or herpes zoster ophthalmicus, and visual 
field problems (5). Particular attention should be paid to a 
history of dry eye symptoms or regular use of lubricating 
drops. The surgeon should inquire about dry eye symptoms 
in several ways, as some patients may only report “allergic’- 
type symptoms or watering without emotional stimulation 
(Fig. 187.14). All patients, and particularly those with symp- 
toms, should be informed that blepharoplasty can cause or 
exacerbate dry eye symptoms. The surgeon should be aware 
that a subclinical dry eye condition can worsen to a kera- 
toconjunctivitis sicca with the mechanical alteration that 
occurs following cosmetic eyelid surgery (6). 

A thorough physical examination is critical to selecting 
the correct procedure and avoiding postoperative compli- 
cations. The surgeon should look for the following: orbital 
fat pseudoherniation, orbicularis hypertrophy, dermato- 
chalasis, tear trough deformity, lid laxity, scleral show, neg- 
ative vector, festooning, malar bags, midface ptosis, and 
fine rhytids. 

Orbital fat pseudoherniation and dermatochalasis 
are the most common reasons patients seek lower eye- 
lid blepharoplasty. In most cases, fat pseudoherniation is 
obvious on inspection. This finding can be confirmed by 
gentle pressure on the globe and examining the patient in 
upward gaze. Orbicularis hypertrophy can be differentiated 
from fat pseudoherniation by having the patient smile or 
squint. While fat pseudoherniation can be treated with 
either a transconjunctival or transcutaneous approach, 
skin or muscle excess can only be treated with an incision 
through the anterior lamella. 

The contour of the lower lid should be closely examined. 
The surgeon should assess for a “tear trough deformity.” If 
a surface depression is noted along the inferomedial aspect 
of the orbital rim, a fat transposition to efface the “tear 
trough” should be performed (see procedure section). 
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Figure 187.13 A: Excellent candidate for blepharoplasty. This patient has obvious pseudohernia- 
tion of orbital fat, tear trough deformity, and some excess skin and muscle. B: Poor candidate for 
blepharoplasty. This patient has hyperpigmentation and fine rhytids of the lower eyelid. 


Examination for lid laxity deserves special attention. 
Failure to note this common sign is a missed opportu- 
nity for the surgeon and can result in patient dissatisfac- 
tion and an increased risk of postoperative complications. 
Lower eyelid laxity is evaluated by two common clini- 
cal tests: the snap test and distraction test. The snap 
test assesses canthal stability and orbicularis and tarsal 
strength (7). The test is performed by gently pulling the 
lower lid toward the orbital rim and releasing. Obvious 
scleral show or slow return to the resting position (greater 
than 1 second) indicates poor lid support. The distraction 
test is performed by grasping the lower lid and pulling it 
away from the globe. Distraction of the eyelid greater than 
10 mm indicates poor lid support. If the distraction or 
snap tests are positive, failure to adequately support the lid 
can lead to ectropion, epiphora, or exposure keratitis (7) 
(Fig. 187.15A and B). 

The position of globe relative to the eyelid and maxilla 
should also be examined. Assessing for scleral show and 
negative vector can change the surgical plan and prevent 
postoperative lid malposition. In a normal-vector orbit, 
the cornea rests in a vertical plane with the inferior orbital 
rim. When a negative vector is present, the cornea lies in 
plane anterior to the inferior orbital rim. In patients with 
negative vector orbits, transcutaneous approaches with 
shortening of the anterior lamella can result in significant 
postoperative lid malposition. If scleral show or negative 
vector is noted preoperatively, the surgeon can plan proce- 
dures to support the lower lid, such as intraoperative can- 
thopexy (see below) or postoperative lid taping. Patients 
with negative vector orbits should also have conservative 
fat removal, as they are more prone to developing a “hol- 
lowed” appearance. 

Festooning and malar bags are signs commonly seen 
with aging and indicate orbicularis laxity. They can only 
be corrected with an extended transcutaneous approach 
to blepharoplasty with undermining in the suborbicularis 


plane inferior to the orbital rim. The surgeon should also 
inspect the lid for horizontal excess, as lid shortening pro- 
cedures may also be indicated. 

Malar edema, midface ptosis, and fine rhytids are not 
correctable with blepharoplasty. Once noted, the surgeon 
should educate the patient and discuss adjunctive proce- 
dures, such as a midface lift or resurfacing. The surgeon 
should also discuss the persistent and recurring nature of 
malar edema, as it may not be corrected with any surgical 
procedure. 


PHOTOGRAPHY AND CONSENTS 


Although often underestimated as a formality, photogra- 
phy and consents are among the most important aspects of 
any cosmetic procedure. 

Standardized photography for eyelid surgery includes 
full face and close-up views. Close-up views should extend 
from just above the eyebrows to the level of the nasal ala. 
The following close-up views should be obtained: frontal, 
frontal in upward gaze, frontal with eyes closed, bilateral 
oblique, and bilateral profile. Full face frontal and bilateral 
oblique views are also obtained (8) (Fig. 187.16). 

A lower eyelid blepharoplasty consent form should 
include a complete discussion of goals, limitations, alter- 
natives, expected outcomes, risks, and potential for addi- 
tional surgery. The consent should explicitly state that 
blepharoplasty will not remove crow feet, malar bags, 
fine wrinkles, or dark circles. Expected outcomes should 
include swelling, asymmetric bruising, temporary tearing, 
need for artificial tears because of dry eye, itching, blurry 
vision, tightness on eyelid closure, fine scarring of the 
lower eyelid, slight scleral show, and possible minor asym- 
metries in eyelid position. Risks outlined should include 
asymmetry, bleeding, infection, blurriness, double vision, 
chemosis, ectropion, visual loss, lower lid sagging, round- 
ing of the corner of the eye, and chronic dry eye syndrome. 
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Patient Eye Information 


Name Date 
Your Eye Doctor's Name 
Address Date of last exam 


Yes No At-your last exam, were you told you have any problems with your eyes? 
Explain 


Yes No Do you require glasses or contact lenses? 
Yes No Have you had any injuries to the eyes or eyelids? 
Explain 


Yes No Have you had any surgery to the eyes or eyelids? If so, who performed your surgery? 
Explain 


Yes No Doyou feel your eyes or eyelids swell excessively? 

Yes No Areyou bothered by frequent irritations or“allergies” of the eyes or eyelids? 

Yes No Do you now take or have you ever taken medications or drops for the eyes? 
Explain 


Yes No Are you bothered by“dry eyes"? 

Yes No Do your eyes”water" or tear spontaneously (without emotional stimulation)? 

Yes No Do you now have or have you ever had any visual problems with one or both eyes? 
Explain 


Yes No Arethere any other problems we have not asked about that you feel we should be aware of? 
Explain 


Please read the following and carry out the instructions: 


Cover your Right eye and read this sentence with your Left eye. 
Yes No Are you able to read it comfortably without glasses? 
with glasses? 


Cover your Left eye and read this sentence with your Right eye. 

Yes No Are you able to read it comfortably without glasses? 

with glasses? 

If there is any difference in your vision, please indicate which eye is stronger. 


Right eye Left eye 


I signify that to the best of my knowledge, the above information is accurate. 


Signed 


Figure 187.14 Typical “dry eye questionnaire.” Blepharoplasty surgeons should always inquire 
about dry eye symptoms prior to embarking on surgery. 
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A: Snap test. The examiner pulls the lower lid toward the orbital rim and releases. 
Obvious scleral show or slow return to the resting position (greater than 1 second) indicates poor 
lid support. B: Distraction test. The examiner grasps the lower lid and pulls it away from the globe. 
Distraction of the eyelid greater than 10 mm indicates poor lid support. 


Standard views for blepharoplasty photos. 


The main approaches for lower lid blepharoplasty are 
transconjunctival and transcutaneous. Both have clear indi- 
cations and should be part of a surgeon’s armamentarium. 
Once the surgeon has decided on an approach, adjunctive 
procedures should be considered including canthopexy or 
canthoplasty and lower lid resurfacing (chemical or laser). 


The transconjunctival approach is ideally indicated for 
younger patients (15 to 35 years old) without anterior 
lamellar pathology. Otherwise stated, these patients have 
hereditary pseudoherniation of orbital fat without true 
excess skin or muscle (Fig. 187.17). Relative indications 
include patients who do not want an external scar or those 
with a history of abnormal scarring. The transconjunctival 
approach can be safely combined with resurfacing proce- 
dures or “pinch” skin removal in those with fine rhytids or 
minimal excess skin of the lower eyelid, respectively (9). 
Two transconjunctival approaches are routinely per- 
formed: preseptal and postseptal. The preseptal approach 
involves dissecting inferiorly along the avascular plane 
between the orbital septum and orbicularis oculi muscle 
(Fig. 187.18). The postseptal approach is a more direct 
approach to the orbital fat through the conjunctiva and 
the lower lid retractors closer to the conjunctival fornix 
(Fig. 187.19). While the preseptal approach takes slightly 
longer to perform, it is generally considered to provide bet- 
ter visualization of the individual fat pads and poses less 
risk to the integrity of the inferior oblique muscle. The 
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Figure 187.17 Before and after transconjunctival blepharo- 
plasty. Ideal candidates for this approach have pseudoherniation 
of orbital fat without skin or muscle excess. 


preseptal approach also allows the surgeon to approach 
the individual fat compartments from the same anterior 
direction as typically seen from the transcutaneous skin- 
muscle flap approach. 


Conjunctiva 
Orbital septum 
Tarsus 


Orbicularis 
oculi muscle 


Skin 


Orbital fat 


Inferior oblique 
muscle 


Figure 187.18 Preseptal transconjunctival approach. 
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PRESEPTAL TRANSCONJUNCTIVAL 
TECHNIQUE 


Once an appropriate level of sedation is achieved, topical 
2% tetracaine is instilled into the inferior fornix of each 
eye. Local anesthetic (lidocaine with epinephrine) is then 
injected into the subconjunctival plane of the lower eyelid. 

After adequate anesthesia is obtained, a sharp double 
hook (followed by a Desmarres retractor or double ball 
hook) is used to retract the lid inferiorly. Light bipolar cau- 
tery can be used prior to incision to conservatively cauterize 
the planned incision site along the central portion of the 
conjunctiva. An incision is made through the conjunctiva 
2 mm inferior to the tarsus. The conjunctiva is then opened 
laterally and medially; the inferior lid retractors are tran- 
sected sharply with a small curved scissors. The conjunctiva 
and inferior retractor muscles are then reflected superiorly 
over the cornea with a 5-0 silk suture, thus providing cor- 
neal protection and countertraction (alternatively, corneal 
protectors can also be used) (Fig. 187.20A and B). 

The orbicularis oculi muscle is then separated from the 
orbital septum inferiorly to the orbital rim. The surgeon 
should then closely examine the preoperative pictures and 
intraoperative findings to determine where to incise the 
septum and approach the orbital fat pads. Westcott scissors 
are used to make the incision through the orbital septum. 
The pseudoherniated fat is very carefully teased out. If fat is 
not being transposed, it is lightly grasped, cauterized, and 
excised (Fig. 187.20C). If fat transposition is being per- 
formed, a precise pocket is elevated in the suborbicularis 
plane corresponding to the region of soft tissue depression. 
The medial fat pad is redraped over the orbital rim and 
sewn into place using a 6-0 absorbable suture in an inter- 
rupted fashion. 

After completion of fat resection and/or transposition, 
the lower eyelid skin is redraped in its anatomic position 


Preseptal Approach 


; — Inferior rectus 
muscle 
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Postseptal Approach 


Orbicularis 
oculi muscle 


Orbital fat 


Inferior oblique ©IUSM Office of Visual Media 
muscle Postseptal transconjunctival approach. 


D 


Preseptal transconjunctival approach. A: Light bipolar cautery is used to conser- 
vatively cauterize the planned incision site. B: Retraction of the conjunctival flap (comprised of con- 
junctiva, lower lid retractors, and orbital septum) provides countertraction and corneal protection. 
C: Pseudoherniated fat is gently grasped, cauterized, and excised. D: Upon completion of fat resec- 
tion, the skin is picked up and snapped into place at the inferior limbus. Sutures are not necessary. 
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Before and after photos following skin-muscle flap blepharoplasty. A: Preoperative. 


B: Postoperative. Note barely perceptible scar. 


and evaluated for any residual bulging or irregularity. After 
acceptable contour is ensured, the silk suture is removed 
and the skin flap is picked up, raised, and snapped into 
position over the lower limbus. Sutures are not necessary 
in this technique (Fig. 187.20D). 

If a skin pinch is planned, forceps are used to grasp 
2 to 3 mm of redundant skin just inferior to the lash line. 
Scissors are used to sharply excise the skin. The edges are 
reapproximated with 6-0 fast absorbing gut sutures or tis- 
sue glue (8). 


The transcutaneous approach is indicated for patients with 
anterior lamellar pathology. This is usually an older age 
group of patients with excess lower eyelid skin, muscle, or 
both. Some surgeons have avoided this technique due to an 
increased risk of postoperative lid position abnormalities. 
However, if performed correctly, it can yield excellent, consis- 
tent results with a barely perceptible scar (10) (Fig. 187.21). 


Once an appropriate level of anesthesia is achieved, the 
lower eyelids are infiltrated transcutaneously with local 
anesthetic (lidocaine with epinephrine) deep to the orbi- 
cularis oculi muscle. 

The skin incision is performed with a 15 Bard Parker 
blade 2 mm inferior to the lower lid margin. The incision 
extends from just lateral to the lower punctum to a position 
6 mm lateral to the lateral canthus (Fig. 187.22A and B). 
Fine curved scissors are then used to dissect through the 
orbicularis muscle at the lateral aspect of the incision. Blunt 
scissors are positioned posterior to the muscle at the lat- 
eral aspect of the incision, and with spreading motions of 
the scissors, the skin-muscle flap is elevated off the orbital 
septum. Dissection proceeds from the inferior orbital rim 
inferiorly to the incision superiorly (Fig. 187.23). The sub- 
ciliary incision is then completed using the scissors in a bev- 
eled manner to ensure preservation of the pretarsal portion 
of the orbicularis oculi muscle, thus minimizing the risk of 
postoperative lower eyelid malposition (Fig. 187.24). 


Skin-muscle flap blepharoplasty. A: Preoperative marking. B: Incision. 
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Elevation of skin muscle flap during blepharo- 
plasty. 


Access to the orbital fat compartments is obtained 
through small, selected openings of the orbital septum. 
Gentle palpation of the globe results in herniation of 
orbital fat through the aforementioned openings of the 
orbital septum. Bipolar cautery is then used to cauterize 
the fat pad prior to excision. 

This procedure is performed for the lateral, middle, 
and medial fat compartments, as deemed appropriate. 
A conservative approach to fat resection is maintained to 
avoid the creation of a “sunken” or “hollowed” appearance 
(Fig. 187.25A). 

If fat transposition is being performed, dissection inferior 
to the infraorbital rim is performed and a pocket is created 
in a supraperiosteal plane in the location of the nasojugal 
groove. A small opening is made in the orbital septum to 
gain access to the medial fat pocket. Once the medial fat is 
isolated, it is transposed over the orbital rim in the suborbicu- 
laris plane to efface the corresponding soft tissue depression. 
The transposed orbital fat is then secured to the periosteum 
using interrupted 6-0 absorbable suture (Fig. 187.25B). 

On completion of fat resection and/or fat transposition, 
the skin-muscle flap is repositioned. In an anesthetized 


Preservation of the pretarsal orbicularis oculi 
muscle during skin-muscle flap blepharoplasty. 


patient, single-finger pressure is applied at the inferome- 
dial portion of the melolabial mound to create a maximal 
stretch effect. If the patient is awake, he or she is asked to 
open his or her mouth and look up. Following this, an 
inferiorly directed segmental cut is made at the lateral can- 
thus to determine the amount of excess skin to excise. A 
tacking suture is placed to maintain the position of the 
skin-muscle flap; overlapping skin is trimmed. A 1- to 
2-mm strip of muscle is resected to prevent overlapping 
of muscle and ridge formation with closure of the subcili- 
ary incision. A conservative amount of skin and muscle is 
resected. The orbicularis oculi muscle is then suspended to 
the periosteum of the lateral orbital rim with 5-0 poligle- 
caprone (Monocryl) suture. The deep tissues are then reap- 
proximated at the lateral aspect of the incision using 6-0 
absorbable suture (Fig. 187.26A-C). 

Following muscle suspension, the subciliary incision 
is closed with 7-0 blue polypropylene suture at the lateral 
canthus in a simple interrupted fashion. The remainder 
of the incision is closed with 6-0 fast absorbing plain gut 
suture in a running fashion (Fig. 187.26D). 


The technique of lower lid blepharoplasty using a subcili- 
ary incision and “skin-only” flap is rarely used and of his- 
torical interest only. 


Canthopexy and Canthoplasty 


All surgeons performing blepharoplasty should be well 
versed in procedures to support the lower eyelid. In 
patients who have weak or lax lower eyelids, the contractile 
healing forces following blepharoplasty are unopposed, 
which can lead to retraction and ectropion. To prevent 
such complications, a canthoplasty or canthopexy should 
be performed at the time of surgery. 
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Skin-muscle flap blepharoplasty. A: Fat resection. B: Fat transposition. 


A> Tk. 


c D 
Closure of skin-muscle flap approach. A: Single finger pressure at the melolabial 


mound. B: Trimming of the skin flap. C: Orbicularis suspension suture. D: Closure of the external 
incision. 


In cases where temporary support is needed, can- 
thopexy is accomplished before closure of the upper 
and lower eyelid incisions. A suspension suture of 5-0 
poliglecaprone (Monocryl) is placed between the peri- 
osteum of the inner aspect of the superolateral orbital 
rim and the lower lid tarsus, lateral canthal tendon, 
and pretarsal orbicularis. The suture is tunneled under 
the bridge of skin between the upper and lower eye- 
lid incisions. If an upper eyelid blepharoplasty is not 
performed at the time of canthopexy, a separate stab 
incision can be made at the superolateral orbital rim 
(Fig. 187.27A-D). 

A canthoplasty is performed in cases of significant lid 
laxity, when horizontal shortening is indicated, or if a 
more permanent solution is desired. Eyelid scissors are 
used to perform a lateral canthotomy and inferior canthol- 
ysis. Next, the lateral tarsal strip is created by excising con- 
junctiva from the posterior aspect of the tarsus and excising 
skin and muscle from the anterior aspect of the tarsus. 
The tarsal strip is then sutured to the periosteum of the 
medial aspect of the lateral orbital rim in a posterosuperior 
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position with a 5-0 clear polypropylene suture. The orbi- 
cularis is then suspended to the periosteum of the lateral 
orbital rim at the tubercle with 5-0 poliglecaprone. The 
lower eyelid incision is then closed in the standard fashion 
(Fig. 187.28A-D). 


Standard blepharoplasty techniques do not treat fine, 
“crepy” periocular rhytids. While a transcutaneous blepha- 
roplasty can address excess skin, overtightening the skin- 
muscle flap during surgery to efface fine rhytids can lead 
to disastrous complications, including rounding, scleral 
show, or frank ectropion. To safely address crepiness, 
a resurfacing procedure can be performed at the time of 
blepharoplasty (Fig. 187.29A and B). 

While a complete discussion of lower eyelid resurfac- 
ing is beyond the scope of this chapter, it is sufficient 
to say that resurfacing procedures are characterized as 
superficial, medium, or deep. Selection of the depth 
of treatment is based upon degree of preoperative 


Canthopexy. A: Suture placed through periosteum of superolateral orbital rim. 
B: Suture placed through the pretarsal orbicularis and tarsus. C: Suture tunneled between upper and 
lower eyelid incisions. D: Cinching of suture. Note good support of the lid relative to globe. 
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Canthoplasty. A: Canthotomy and cantholysis. B: Creation of lateral tarsal strip. 
C: Suturing of tarsal strip to periosteum of orbital rim. D: Cinching of suture. Note good support of 
the lid relative to the globe. 


dermatochalasis, photoaging, and hyperpigmentation. solution (composed of 14 g resorcinol, 14 g salicylic acid, 
A superficial depth of resurfacing can be achieved with and 14 mL lactic acid mixed in ethanol) and phenol 88% 
superficial laser treatments. Medium depth modalities USP. A deep depth of resurfacing can be achieved with a 
include trichloroacetic acid 35% pretreated with Jessner’s CO, laser or Baker's peel. 
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Before and after photos following skin-muscle flap blepharoplasty with lower eye- 
lid chemical peel (phenol 88% USP). A: Preoperative. B: Postoperative. 


Hyaluronic acid fillers can be successfully used as a 
temporary treatment for the “tear trough” deformity. 
Selection of filling agent is critical, as overly hydro- 
philic compounds can lead to an unattractive “puffy” 
appearance. For this reason, the authors exclusively use 
Restylane (Medicis Aesthetics Inc., Scottsdale, AZ) in 
the delicate lower eyelid region. The tear trough region 
is commonly treated with small incremental aliquots of 
filler in the supraperiosteal suborbicularis plane with 
massage following injection to smooth out irregularities 
(Fig. 187.30A and B). 


While a discussion of midface lift is beyond the scope of 
this chapter, it is important to note that it does increase 
recovery time and should only be performed in carefully 
selected patients (Fig. 187.31A and B). 


Fat grafting has been discussed for decades in the lower 
eyelid region. It is the senior author's opinion that fat 
grafting in this region is fraught with complications, 
such as visible lumps and unevenness, and is not com- 
monly employed as an adjunctive procedure in his 
practice. 


In patients who present with midface ptosis or a double 
convexity deformity, a midface lift is a useful adjunctive 
procedure to extended skin-muscle flap blepharoplasty. 


All blepharoplasty surgeons should expect to encounter 
and treat complications. Fortunately, sight-threatening 
complications, such as retroorbital hematoma, are 


Before and after photos of Restylane filler in the lower eyelid “tear trough” 
region. A: Prefiller. B: Postfiller. 
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Pre and postop- 
erative photos of mid-facelift re- 
sult with lower lid blepharoplasty. 
A: Preoperative. B: Postoperative. 


extremely rare. The best outcomes are usually achieved 
with prompt recognition and early treatment. 


Dry eye symptoms, blurry vision, and chemosis are part 
of a common spectrum of expected sequelae or complica- 
tions caused by the mechanical disruption of eyelid func- 
tion and/or lagophthalmos following surgery. 

Prophylaxis for of dry eye symptoms is important fol- 
lowing eyelid surgery. All blepharoplasty patients should 
be placed on an aggressive lubrication regimen consist- 
ing of ophthalmic drops and ointment; they should be 
encouraged to “over-lubricate” in the first 10 days follow- 
ing surgery. Patients should also be told during the pre- 
operative consult that blepharoplasty can lead to “visual 
downtime,” which can last 2 weeks. They should expect 
to modify their lifestyles (ie., no driving, contact lenses, 
or prolonged computer use) during the first several days 
after surgery. Unfortunately, dry eye symptoms can become 
chronic, requiring indefinite use of lubrication or adjunc- 
tive procedures. 

Chemosis is characterized by yellowish conjunctival 
edema that typically occurs in the first 7 days following 
blepharoplasty (Fig. 187.32). Large studies have found 
the incidence to range from less than 1% to 12% (11) 
of patients following blepharoplasty (12,13). Although 
the exact cause of chemosis is unknown, disruption of 
the lower eyelid lymphatics (particularly in the region 
of the lateral canthus) and conjunctival exposure from 
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lagophthalmos are thought to be contributing factors. 
Conservative treatment consists of aggressive lubrication, 
supportive lid taping, nighttime eye patching, and limit- 
ing sodium consumption. Topical steroid drops and rarely 
surgical procedures, such as drainage conjunctivotomy or 
temporary tarsorrhaphy, are also occasionally indicated. 
Most cases resolve within 6 weeks. 


Lid malposition, which includes rounding, retraction, 
and ectropion, is considered by some to be the most com- 
mon complication following the transcutaneous approach 
to blepharoplasty (13) (Fig. 187.33). It has also been 


Chemosis following skin muscle flap blepharo- 


plasty. 
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Figure 187.33 Lid malposition following blepharoplasty. 


documented following the transconjunctival approach (9). 
The risk of symptomatic malposition is greater in patients 
with preexisting lid laxity, leading some to advocate rou- 
tine canthal support in the form of canthopexy or cantho- 
plasty during blepharoplasty (13). 

If mild retraction is noted postoperatively, ocular lubri- 
cation, upward massage, and lid taping are recommended. 
Steroid injections can also be performed to oppose the 
forces of contracture, particularly if a scar band is palpated. 
When symptomatic retraction or ectropion develop, surgi- 
cal management is usually indicated. In cases of horizontal 
lid excess, a canthoplasty is performed. When scarring of 
the anterior or posterior lamella is noted, spacer grafts are 
usually employed. 


MILIA 


Epithelial remnants can become trapped within the 
incision, manifesting as small white nodules, or milia. 
Treatment consists of incision and extraction or marsupi- 
alization. This can easily be performed with an 18-gauge 
needle in the office. 


ALLERGIC CONJUNCTIVITIS 


Toxoallergic blepharoconjunctivitis can be caused by a 
variety of topical treatments (prescribed and over the coun- 
ter) used in the postoperative period. Common causes 
include preparations containing neomycin or preservatives. 
Patients will report redness, itching, or increasing swell- 
ing and inflammation. Cessation of the offending agent is 
curative, although topical steroids, cool compresses, and 
diphenhydramine can be used for symptom relief (5). 


INFECTION 


The rich vascularity of the eyelids has a protective effect 
against infection following blepharoplasty. Although 
extremely rare, infections have been reported, including 
methicillin-resistant Staphylococcus aureus, mycobacterial, 


Figure 187.34 Preseptal hematoma immediately following 
blepharoplasty. 


and even necrotizing fasciitis. Clinical suspicion, cultures, 
and appropriate antibiotics are essential for treatment. 


PRESEPTAL HEMATOMA 


Although rare, preseptal hematoma can be seen following 
blepharoplasty (Fig. 187.34). This complication can often 
be prevented with meticulous intraoperative hemostasis. 
Treatment consists of opening of incisions, decompres- 
sion, and cautery of any offending vessels. 


RETROORBITAL HEMATOMA 


Retroorbital hematoma is considered to be the most feared 
complication following blepharoplasty. The incidence 
of orbital hemorrhage has been found to range between 
1:2,000 (0.05%) and 1:20,000 (0.005%). The incidence of 
vision loss due to hematoma has been found to range from 
1:10,000 (0.01%) to 1:30,000 (0.003%) (5,14). 
Symptoms of retroorbital hematoma usually present 
within the first 24 hours after surgery. The most commonly 
reported risk factor is hypertension (14). Patients will com- 
plain of pain and pressure. Signs include increased intraocu- 
lar pressure, eyelid ecchymosis, and a tense orbit. Treatment 
should consist of immediate decompression by opening 
all incisions with exploration to identify and cauterize any 
offending vessel. Medical therapy consists of oxygen, topical 
beta-blockers, intravenous steroids, mannitol, and acetazol- 
amide. If the wound cannot be adequately explored and 
decompressed through existing incisions, surgical manage- 
ment consists of lateral canthotomy with inferior cantholysis. 


CONCLUSIONS 


Lower eyelid blepharoplasty is a detail-oriented proce- 
dure. It requires diligence in preoperative planning, intra- 
operative technique, and postoperative management. 
Preparation and thoroughness are the keys to success in 
this rewarding operation. 
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Rhytidectomy 
(Face-Lift) 


Russell W. H. Kridel 


The principal role of rhytidectomy is to elevate facial 
tissues that have descended with the aging process. 
Although skin excision is performed in a face-lifting pro- 
cedure, contrary to the once predominant common belief, 
it is often not the dominant or sole goal one should try 
to achieve. Most current face-lift techniques rely on resus- 
pension of the superficial musculoaponeurotic system 
(SMAS), whether through a SMAS or deep plane approach, 
with redraping and removal of skin without tension. The 
authors are witness to a steady evolution of technical and 
anatomical advances producing a new generation of face- 
lifts. Presently, the authors continue to evaluate these 
newer techniques in search of the ideal procedure, which 
will give our patients a long-term, natural correction with 
rapid recovery and few complications. 


Aging face patients requesting consultation for a face-lift 
generally seek a youthful, more rested appearance. These 
patients have a well-developed self-image and do not want 
to look different. Rather they desire a natural-appearing 
result that turns back the hands of time to a more youth- 
ful version of themselves. For the surgeon, the goal is to 
determine what physical characteristics of the face are con- 
tributing to the impression of aging, which stigmata are 
reversible, and by what means. Ideally, the surgeon brings 
to this consultation a thorough understanding of the pro- 
cesses that lead to an aged appearance and is familiar with 
a wide variety of medical and surgical interventions appro- 
priate for addressing the clinical problem. As with all elec- 
tive facial plastic surgery, it is imperative for the surgeon 
to achieve a balanced, harmonious result. The patient who 
presents with an interest in face-lift who also has brow ptosis 
and four-quadrant dermatochalasis can be poorly served if 
the incongruity is not discussed prior to proceeding with 
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the surgery. Moreover, oftentimes these patients will be 
left with more stigmata of a lifted appearance should they 
only address the lower face due to this incongruity. For 
these reasons, in addition to the face-lift, it is important to 
discuss the potential benefits of browlift, blepharoplasty, 
skin resurfacing (laser, chemical peel, and dermabrasion), 
as well as adjunctive procedures such as soft tissue fill- 
ers (like hyaluronic acid and calcium hydroxyapatite), fat 
injection, alloplastic implants, or muscle-paralyzing agent 
injections like Botox and newly approved Dysport. These 
are adjunctive procedures that complement face-lifting sur- 
gery and address the general theme of facial rejuvenation, 
which sometimes face-lifting cannot achieve alone. 

A recent paradigm shift among many authors is vol- 
ume preservation and restoration in the aging face, rather 
than just resuspension of deep tissues. This paradigm shift 
is partly demonstrated by the increasing use of biologic 
and synthetic injectable fillers in facial plastic surgery. 
Other commonly used volume-augmenting strategies for 
facial rejuvenation include fat injections and alloplastic 
implants. Proponents of such techniques argue that fat and 
tissue atrophy happen along with gravitational changes. 
Recently, Lambros (1) compared pictures taken up to 
50 years apart and studied the effect of aging on the mid- 
face and periorbital complex. He concluded that there was 
little ptosis at the lid-cheek junction and that the aged 
appearance was partly due to volume loss. In another of 
his papers, he proposed how the addition of volume may 
give better results than traditional surgical methods (2). 
He emphasized that a face that has enough tissue volume 
is the best predictor of a face-lift outcome. It is our opin- 
ion and the one of many other surgeons that volume res- 
toration is an important adjunct but does not replace the 
need for a surgical lift. The authors do, however, recognize 
that for some patients with volume loss as well as tissue 
descent, both problems must be addressed to produce nat- 
ural, harmonious, and complimentary results. 
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The term face-lifting is sometimes a misleading term 
to patients, as it does not spell out which structures will 
be lifted. It says nothing about the neck, which is a main 
area of most lifting procedures, and on the other hand, it 
implies that the upper third of the face will be lifted, which 
most surgeons consider another procedure that they would 
address separately, such as with a forehead lift. 

Most patients undergoing today’s typical face-lift are 
really getting a lower face- and neck lift. To lift the upper 
third of the face, for instance, one should rely on a forehead 
lift. In his recent publication, McCollough stresses that the 
term face-lift is often inadequately used. He describes five 
progressive stages of aging and proposes a classification 
that helps matching the specific aging stage with the appro- 
priate rejuvenation treatment (3). His system describes 
procedures based on anatomic locations such as temple 
lift, forehead lift, cheek lift, and neck lift, diminishing con- 
fusion around the more generic widely used face-lift term. 
This chapter focuses only on the anatomy and clinical con- 
siderations of the present-day rhytidectomy procedure. 


PHYSIOLOGY OF THE AGING FACE 


To understand the present-day rhytidectomy procedure, 
the surgeon must have full knowledge not only of the 
underlying surgical anatomy but also of the aging physiol- 
ogy of the face, which leads patients to seek rejuvenation 
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surgery. In general, the aging face presents five landmarks 
that are points of interest to patients and surgeons alike. 
These areas include (a) the jowl, (b) the deepened naso- 
labial folds and lateral perioral jowling, (c) the platysma 
banding and submental fullness in the neck region, (d) 
the orbicularis oculi and malar fat pad ptosis, and (e) the 
aging skin itself (Fig. 188.1A). 

In youth, the facial skin is maintained in normal ana- 
tomic position by retaining “ligaments” that run from 
deep facial structures to the dermis itself (4). With aging, 
attenuation of these “ligamentous” supports then results 
in malar soft tissue descent. The result of this descent is 
not only deepening of the melolabial folds but also jowl- 
ing of the platysma and soft tissue between the masseteric 
and mandibular ligaments at the jawline. Moreover, this 
descent of the malar fat pad along with ptosis of the orbi- 
cularis oculi also results in hollowing in the infraorbital 
region. Finally, loss of platysma muscle tone results in 
anterior banding and the classically pictured “turkey gob- 
bler’ neck (5) (Fig. 188.1B). 

Separate from the described underlying soft tissue 
changes, the surgeon must note the cumulative effects 
of the inherent aging process coupled with the effects of 
environmental exposure on the skin itself. While a com- 
prehensive review of the changes associated with aging 
skin is beyond the scope of this chapter, it is important 
for the surgeon to have a fundamental understanding of 
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Figure 188.1 A: Topographic changes seen in the face with aging. B: Underlying soft tissue and 
muscular changes seen in the aging face. (Adapted from Zimbler MS, Kokoska MS, Thomas JR. 
Anatomy and pathophysiology of facial aging. Facial Plast Surg Clin North Am 2001;9:179-187.) 


these changes. In this regard, it is convenient to think of 
skin aging in terms of extrinsic and intrinsic factors, affect- 
ing both the epidermis and the dermis (6). Extrinsic factors 
refer to environmental insults such as sun-induced damage 
(photodamage). Intrinsic aging refers to the natural effects 
of time and is generally characterized by tissue atrophy and 
descent and reduction in skin cellular and protein com- 
ponents. In fact, chronologically aged skin has reduced 
epidermal thickness, flattening of the dermal-epidermal 
junction, atrophy of the dermis, and a general decline in 
a variety of cell populations including melanocytes and 
Langerhans cells (7). This epidermal thinning then makes 
the skin more susceptible to damage from shearing-type 
forces (6). Moreover, Yousif and Mendelson (8) showed 
how habitual facial expressions lead to coarse skin wrin- 
kling and deep folds. However, Kligman et al. (9) noted 
that in point of fact, there are no histologic features that 
distinguish the various types of wrinkles from the sur- 
rounding skin. He noted that instead there is a configu- 
rational change that results from mechanical stress acting 
on lax, excessive skin, especially in actinically damaged 
regions. 

On the other hand, photoaged epidermis is character- 
ized by striking variability: in its thickness, with alternat- 
ing areas of atrophy and hyperplasia; in pigmentation, 
with alternating lentigines and depigmented areas; in the 
degree of nuclear atypia; and in orderliness of keratino- 
cytes maturation (10). In the past, sun-damaged epidermis 
was thought to be characterized by a reduction in structural 
elements, leading to skin wrinkling. In fact, the most strik- 
ing feature of photodamaged skin is the presence of large 
quantities of thickened, poorly organized degraded elastic 
fibers, which degenerate into an amorphous mass, better 
known as elastosis. This loss of elastin decreases skin elas- 
ticity, defined as the loss of the ability of the skin to recoil 
and redrape once pulled away from the deep tissues (11). 
The result is aged skin, which does not retain moisture 
and which loosens and hangs. The ground substance com- 
ponent of the dermal connective tissue matrix is greatly 
increased. In the dermal cell population, photodamaged 
skin shows numerous, hyperplastic fibroblasts and abun- 
dant, partially degranulated mast cells, which result in a 
chronic low-grade inflammation termed heliodermatitis. 
Finally, photodamaged skin shows extensive changes in the 
microcirculation, which can affect flap viability. Along with 
skin changes, atrophy of underlying soft tissue and fat have 
also been described. Skeletal changes pertaining to both 
bone loss and bone remodeling also occur with aging. 

Overall the aging face can be viewed as a coupling of 
redistributed ptotic underlying soft tissue with overlying 
skin changes. Together, these changes combine to contribute 
to the overall impression of the aging face. For most aging 
face patients, this means that facial rejuvenation will necessi- 
tate the surgeon concentrating on five points of interest: (a) 
the jowl, (b) the deepened melolabial and nasolabial folds, 
(c) the neck, (d) the malar region, and (e) the skin itself. 
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SURGICAL ANATOMY 


The last 20 years have brought about numerous improve- 
ments in the face-lift surgery. These new advances have 
largely come about through better anatomical understand- 
ing as well as an understanding of how the aging process 
alters these anatomical components throughout the face 
and neck. Certain salient points of the facial anatomy for 
rhytidectomy, including vascular supply, details of the 
SMAS and its relation to the facial nerve, as well as the 
presence of retaining “ligaments,” are described here. 

The facial skin is supplied by branches of the external 
carotid artery. Specifically, the superficial temporal artery, 
facial artery, transverse facial artery, and infraorbital artery 
anastomose with one another in the subdermal plexus. The 
internal carotid artery also contributes to the facial skin cen- 
tered around the radix and the glabella through branches 
of the ophthalmic artery. However, this area is not routinely 
addressed during face-lifting. The elevated subcutaneous flap 
is based solely on the subdermal plexus, which is supplied by 
muscular cutaneous arteries arising from branches of the facial 
and infraorbital arteries. Unfortunately, the standard subcuta- 
neous and SMAS two-layered face-lift effectively divides the 
skin from its underlying perforating branches. A recent study 
comparing the vascular anatomy of basic skin flaps in the 
subcutaneous and SMAS rhytidectomy, the composite rhyt- 
idectomy, and the subperiosteal rhytidectomy found, not 
surprisingly, that the best blood supply was found in sub- 
periosteal dissection while the most tenuous supply was in 
the subcutaneous flap (12). However, outside of smokers and 
those patients with small vessel disease, one must consider 
that each of these techniques has been used for many years 
with minimal low flap perfusion rate complications (5). 

Perhaps the first, and most important, development in 
the evolution toward the present-day rhytidectomy was the 
description of the SMAS. In fact, while the precise boundaries 
of the SMAS continue to be a source of debate, the significance 
of this fascial layer in relation to present-day rhytidectomy is 
unquestionable. The SMAS, which is a fibromuscular fascial 
layer, invests and interlinks the muscles of facial expression. 
Moreover, in this function it maintains consistent relation- 
ships with the facial nerve and major vessels within the facial 
region. For the operating surgeon, mastery of these relation- 
ships and planes of dissection are therefore critical (13). 

The regional variations that are found in the relation- 
ship between the SMAS and the neurovascular structures are 
most profound when examining the SMAS and the facial 
nerve above the zygoma versus below the zygoma (14). 
Specifically, in the temporal region above the zygoma, the 
superficial temporal artery and frontal branch course through 
the SMAS (also called temporoparietal fascia). Below the 
zygoma, the SMAS fans out over the parotid gland and then 
above the masseter muscle before it surrounds the facial 
mimetic muscles. Therefore, in the lower face, the facial 
nerve branches are always deep to the SMAS and innervate the 
facial mimetic muscles on their undersurface (Fig. 188.2). 
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Figure 188.2 In the temporal region, above the zygoma, the 
frontal branch travels through the SMAS. In the lower face, below 
the zygoma, the facial nerve branches lie deep to the SMAS and 
innervate the facial mimetic muscles from their deep surface. 
(Adapted from Stuzin JM. The relationship of the superficial and 
deep facial fascias: relevance to rhytidectomy and aging. Plast 
Reconstr Surg 1992;89(3):441-449.) 


However, there are three exceptions to that rule. The levator 
anguli oris, buccinator, and mentalis muscles lie in a some- 
what deeper plane making their innervation from the facial 
nerve from their superficial surface, rather than their under- 
surface. It should be noted that even in the deep plane and 
composite lifts, the dissection medial to the zygomaticus 
major and minor is actually above the SMAS because the 
SMAS thins out over this region. Moreover, it should be 
noted that a significant, distinct myofascial layer superficial 
to the parotid fascia is not always clinically apparent. In 
fact, Jost and Levet (15) have suggested that the SMAS over- 
lying the parotid includes what the authors have otherwise 
distinguished as the parotid fascia. 

Finally, as previously alluded to, the SMAS has been 
noted to have a number of “ligamentous” supports, which 
make it adherent at specific points to the overlying dermis 
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Figure 188.3 The four retaining ligaments of the cheeks. 


and underlying muscular/osseous attachments. Specifically, 
four ligaments support the soft tissues of the cheek: (a) the 
parotidomasseteric ligament, (b) the platysmal auricular 
ligament, (c) the zygomatic ligament (McGregor patch), 
and (d) the mandibular ligament (Fig. 188.3). Although not 
true ligaments, these fascial condensations are especially 
important in the deep plane and composite rhytidectomy 
(16). Release of these ligaments is important and will allow 
the surgeon to achieve a better pull to redrape the tissue. 
However, this task must be undertaken with extreme cau- 
tion as branches of the facial nerve are in close proximity. 


SURGICAL EVOLUTION: A HISTORICAL 
PERSPECTIVE 


A steady evolution of anatomically derived technical 
advances has occurred in the rhytidectomy procedure since 
the early days of simple skin flap advancement. Reports of 
face-lifting attempts date back to the very first years of the 
20th century and consisted primarily of skin excision and 
direct closure. This technique was utilized for over 50 years 
before the first major contribution to advance face-lifting 
was provided by Skoog. Sometime in the mid-1960s, Skoog 
began to elevate a “complex morphologic unit” in the cervi- 
cal region and advance it posteriorly (17). It was observed 
that this “two-layered shift” of the cervical fascia corrected 
the anterior banding of the neck and the redundant skin of 
the cervical region. Skoog subsequently followed this with 
his description in 1974 of his technique of superficial rhyt- 
idectomy of the face and neck based on a subfascial dissec- 
tion. The new era in face-lift surgery had begun (18-20). 

It would take until 1976 before Mitz and Peyronie (21) 
defined the “complex morphologic unit” referred to by 
Skoog as the SMAS. The SMAS lift approach, which then 
became vogue, was a significant step in the evolution of the 


present-day rhytidectomy. However, some surgeons, in pur- 
suit of the ideal lift, still found the results of the SMAS lift 
to be short-lived and complicated by perioperative prob- 
lems. For some surgeons, the SMAS lift did not appear to 
sufficiently address the ptotic midface and melolabial fold 
region. In an effort to enhance midface tissue, Faivre (22) 
described in 1988 the deep temporal face-lift in the sub- 
SMAS plane. That same year, Psillakis et al. (23) described 
the subperiosteal midface lift to correct ptotic malar fat pad. 
In 1990 and 1992, Hamra (24) published his techniques 
on deep plane face-lift and composite face-lift, respectively 
(25). In the deep plane face-lift, Hamra innovates on the 
Skoog technique by adding a superolateral elevation of 
the malar fat pad. The composite lift added dissection and 
resuspension of the orbicularis oculi muscle superomedi- 
ally, thus effacing what the author has termed as the malar 
crescent, in an effort to rejuvenate the periocular complex 
and better create harmony with the lower parts of the face. 

Recently, many “newly named” face-lift techniques have 
been heavily marketed: the mini-lift, weekend lift, short 
flap lift, S lift, and lunchtime lift. Most of these lifts rely on 
a short skin flap and sometimes a minimal SMAS suspen- 
sion. These less invasive procedures have the advantages 
of decreasing associated complications and substantially 
minimizing patient recovery time. However, in most cases 
their indications are limited to patients with limited signs 
of aging, and results from such techniques may be short- 
lived or less than ideal. Webster had explored short flap 
face-lifting in 1983, which many later abandoned (26). 

To date, it is uncertain what percentage of surgeons are 
performing the extended sub-SMAS lifts versus the tradi- 
tional SMAS plication/imbrication techniques. Moreover, 
questions remain as to the superiority of the results that are 
achieved in the deep plane versus plication techniques. In 
fact, while anecdotal reports abound to this effect, it will 
be very difficult to accomplish the study that can defini- 
tively answer this and a whole host of other questions. 
Proponents of deep plane rhytidectomy claim an improved 
nasolabial fold in comparison to the traditional SMAS 
suspension techniques (27). Adamson et al. (28) found a 
twofold improvement with deep plane measured by the 
degree of increased volume at the malar eminence and by 
the amount of effacement of the fold. Becker and Bassichis 
(29) concluded that results from a deep plane face-lift were 
not superior to those from SMAS plication in patients that 
are younger than 70 years old. Baker (30) and Kamer (31) 
maintain reservations regarding the superiority of the results 
from the deep plane lifts, especially when these “implied 
benefits” are weighed in relation to the added risks to the 
facial nerve. Baker and Conley (32) notes that a review of 
the world literature in 1979 found an incidence of 0.01% 
permanent facial nerve injury in deep plane cases. He notes 
in a later paper (30) that the published articles on the new 
deep dissection techniques conjure concern as they report a 
relatively high incidence of facial weakness in the hands of 
extremely qualified surgeons. He questions what happens 
when these procedures are attempted by less experienced 
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surgeons. Time and experience are still needed before the 
authors will know if the added work and increased poten- 
tial risk for complication is worth the improved aesthetic 
results. In a recent systematic review of 39 articles compar- 
ing the efficacy and complication rate of different face-lift 
techniques, Chang concluded there was a lack of quality 
data to be objectively compared (33). It is also important to 
note that results will always vary from surgeon to surgeon 
due to skills and expertise. 


ASSESSING CANDIDACY 


With an understanding of the physiologic and anatomi- 
cal changes that present with facial aging, the surgeon is 
ready to determine whether the patient is a candidate for 
facial rejuvenation surgery in general and rhytidectomy in 
particular. This evaluation includes surgical, medical, and 
psychological components. 

The surgical criterion to be addressed is whether rhyt- 
idectomy will create physical changes in the patient’s 
face that will contribute meaningfully to a more youth- 
ful appearance. In making this determination, it is helpful 
to divide the stigmata of facial aging into two categories: 
those that are improved by repositioning of facial tissues 
and those that require changes in the structure of the tis- 
sues themselves. In the first category, one would include 
ptosis in the jowl, submentum, and anterior neck leading 
to a disruption of the ideal youthful contours of the jaw- 
line, cervicomental angle, and neck, respectively. These are 
the primary areas improved by rhytidectomy. Malar ptosis 
will experience modest improvement as well. 

On the other hand, intrinsic changes in the tissues 
themselves are not well addressed by rhytidectomy. As 
noted earlier, concomitant with the ptosis described above, 
aging brings about many changes in the skin itself. Fine 
lines and deeply etched wrinkles in the skin are the grossly 
visible correlates of crevices in the dermis and subcutane- 
ous tissues formed over time as a result of actinic damage, 
senescence of connective tissues, and habitual facial expres- 
sions. These cosmetic defects will be minimally improved, 
at best, by rhytidectomy. Instead, they can be addressed 
more directly by resurfacing techniques, including both 
chemical and laser exfoliation. In the situation in which 
such intrinsic properties of the skin comprise a significant 
portion of the aesthetic problem, the patient should be 
encouraged to consider skin resurfacing as an adjunct or, in 
some cases, an alternative to rhytidectomy. 

Once the surgeon has determined that a rhytidectomy 
will address the patient’s aesthetic concerns appropriately, it 
is imperative to assess medical candidacy for the procedure. 
Most patients who seek cosmetic surgery are in good health, 
so medical contraindications to the proposed procedure are 
rarely seen. Vigilance is essential for avoiding disaster. Face- 
lift candidates—people who feel young inside and want 
their outward appearance to mirror that vitality—are exactly 
the same people who tend to minimize medical complaints 
and even may forget to relate serious medical problems 
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unless questioned directly. Significant bleeding diatheses 
and American Society of Anesthesiologists (ASA) class IV 
or V, in which a patient has a dangerously compromising 
medical condition, should he considered absolute medical 
contraindications to rhytidectomy. A patient in ASA class 
UL, in which a medical condition impairs the patient's activ- 
ities to some degree, should be approached with great cau- 
tion. The severity of the condition and its potential impact 
on the safe conduct of the operation should be explored 
in detail. Conditions that may adversely affect healing 
including uncontrolled diabetes, diseases requiring chronic 
steroid therapy, or connective tissue abnormalities like the 
Ehlers-Danlos syndrome should be considered strong rela- 
tive contraindications to face-lift surgery. Consultation with 
the primary care physician may be necessary to coordinate 
prescription medication regimens and facilitate the man- 
agement of relevant medical conditions. 

On the other hand, there are no age limitations for face- 
lift surgery, and age should not be a reason to deny sur- 
gery if the patient is in otherwise good health. A healthy 
patient in his or her late 70s or early 80s may have 15 or 
20 more years of quality life ahead, and the desire to have 
an improved appearance is indeed valid. 

Finally, but not least important, an accurate assessment 
of the patient's psychological status is central to determining 
patient candidacy. The surgeon should determine patient 
motivation and attempt to ascertain whether the patient 
might fail to view a successful surgical outcome favorably 
or might react inappropriately to any aspect of the surgery. 
A thorough discussion of the patient's goals and objectives 
should provide important clues to his or her psychological 
profile (34). Although many patients are unaware of exactly 
what surgery can and cannot accomplish, others have clearly 
unreasonable expectations, which can include looking 
exactly as they did 10 or 20 years ago, having surgery with- 
out scars, requesting an unnaturally tight lift, or attempting 
to obtain promises and guarantees. Patients who are exces- 
sively occupied with minute flaws also may be poor surgical 
candidates. Moreover, patients who have recently undergone 
a major change in their personal status, such as the death of 
a loved one or divorce, may be subject to depression or psy- 
chological unevenness and may require special care. 


PREOPERATIVE EVALUATION 
AND PLANNING 


General Considerations 


Once a patient is deemed an appropriate candidate for rhyt- 
idectomy, they need to be educated clearly before surgery. 
They must understand that rhytidectomy helps with exces- 
sive skin and jowling and provides for redraping of the skin, 
but it does not change the quality of the skin itself. If fine or 
deep rhytids are present preoperatively, they will be present 
postoperatively as soon as the swelling goes down. In severely 
sun-damaged patients, full-face deep chemical peeling with 
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phenol solution or CO, laser resurfacing is often necessary 
as an adjunct and can be done several weeks after the ini- 
tial face-lift surgery. If there are significant rhytids limited to 
the perioral or periorbital areas, these cosmetic units may be 
safely peeled or removed by laser simultaneously with the 
rhytidectomy as long as these areas are not undermined dur- 
ing the procedure. Undermined areas are partly devascular- 
ized in the immediate postoperative period and further skin 
insult by laser resurfacing could lead to skin necrosis. 

To assess further the overall improvement possible with 
rhytidectomy, the underlying structure of the face must be 
critically evaluated. Patients who had a good bony struc- 
ture of the cheekbones, chin, and jaw during their youth 
will have the best results, as the redraping of skin will help 
to highlight these attractive bony structures. Therefore, 
patients who have a thinner, angular face and good bony 
definition are generally much better candidates than 
patients with rounder faces, low cheekbones, or a short 
mandible (Figs. 188.4 to 188.6). 

Adjunctive chin and submalar cheek augmentation may 
be necessary in conjunction with a face-lift to achieve the 
desired result. Patients who have a retrusive chin cannot get 
desired cervicomental definition without a chin implant, 
even after a face-lift. Also, because the aging process some- 
times causes a hollow-cheek deformity due to the atrophy of 
soft tissue and fat with ptosis of the fat pads, older patients 
sometimes require submalar augmentation or resupport of 
the fat pads simultaneously with the face-lift. Redraping the 
skin alone will not replace soft tissue cheek hollowness. 

As the underlying structures of the face dictate the aes- 
thetic results possible above the jawline, those in the neck 
similarly limit the outcome there. In particular, the posi- 
tion of the hyoid bone relative to the mandible varies from 
patient to patient. This relationship defines the course of 
the suprahyoid musculature of the floor of the mouth and 
limits the maximum improvement possible in the cervico- 
mental angle. A relatively high and posterior hyoid is ideal, 
allowing maximum elevation of the submental contour 
and the greatest definition between the submentum and 
neck in profile. A relatively low and anterior hyoid lim- 
its the possible improvement in this area to a predictable 
degree. It is mandatory, therefore, that hyoid position be 
assessed and its effects on the possible outcome discussed 
with the patient in a way that is easily understood. The 
authors have found the use of diagrams illustrating hyoid 
position to be very helpful in their practices (Fig. 188.7). 

A full evaluation of the facial nerve and muscles should 
be done preoperatively, particularly noting any asymme- 
tries, especially around the mouth. Sometimes patients have 
asymmetric smiles or may inadvertently elevate the brow. 
There may be static asymmetries as well, ranging from minor 
unilateral cheek or jowl fullness to generalized asymmetry as 
in hemifacial microsomias. Any asymmetry should be docu- 
mented, photographed, and discussed with the patient before 
surgery, or the patient may attribute their asymmetry to the 
surgery (35). Further, it gives the surgeon the opportunity to 
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Figure 188.4 Excellent candidate for a face-lift: little fat, good 
bone structure, and not too much skin. 


point out that minor asymmetry is normal and that perfect 
symmetry cannot be a surgical goal. The surgeon also should 
note any traumatic facial and neck lacerations, sites of previ- 
ous biopsies, acne scars, facial or neck scars, subcutaneous 
depressions, surface irregularities, and focal lesions. 

Generally, the older patient who presents with volumi- 
nous sagging skin or the patient with a fat face and neck 
would not be as good a candidate as the thinner 40- to 
50-year-old patient because postoperative skin re-draping 
with such excess is less satisfactory, especially if elastosis is 
present. Such patients should be advised that for a better 
result, a tuck procedure may be necessary 6 months to 1 year 
after all the retraction has occurred from the original face-lift 
(36). If liposis is limited to the submental area, the patient 
will be a better candidate than one who has a full, rounded 
face with fat throughout. Liposuction in conjunction with a 
face-lift exerts its maximal effect in the submental area. 

Similarly, if a patient contemplates a weight loss of 
more than 10 pounds, it may be better to postpone surgery 
until afterward. The authors discourage patients who have 
a history of repeated weight gain and loss from considering 
face-lift surgery because repeated stretching of the facial 
skin may cause a premature return of skin laxity. 

Smoking history is also particularly relevant. Rees and 
Aston (37) noted that smokers have 12 times greater risk of 


Figure 188.5 Postoperative views of same patient after face-lift 
and upper eyelid blepharoplasty. 


skin slough than nonsmokers, possibly secondary to vaso- 
constriction, and also have a higher incidence of hema- 
toma formation. Postoperative coughing may contribute 
to this complication. Smoking has long-term effects on the 
skin that cannot be completely erased by simple cessation 
perioperatively. If the patient stops smoking for 1 month 
before and after surgery, many potential complications 
associated with smoking can be limited. However, even 
with smoking cessation 1 month prior to surgery, super- 
ficial epidermolysis in the preauricular area is not infre- 
quent. Moreover, these patients very likely would be better 
candidates for a deep plane face-lift in order to limit these 
possible complications. 

Patients with a history of excessive alcohol intake may 
have characteristic nutritional or liver deficiencies that may 
lead to poor surgical healing. They also may be uncoopera- 
tive in the perioperative period, when alcohol consump- 
tion is not allowed. Be alert for physical findings associated 
with excessive alcohol use and hepatic insufficiency. 


PREOPERATIVE PREPARATION 


Full-disclosure informed consent for surgery and pho- 
tographs are obtained. The patient is given a packet that 
includes preoperative and postoperative instructions and a 
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Figure 188.6 A less-than-ideal candidate for a face-lift: exces- 
sive skin and fat and rounded bony contours. 
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description of what to expect during recovery. Having the 
patient fill all prescriptions in advance serves two purposes: 
It removes the distraction of a rushed visit to the pharmacy 
for the patient and caretakers in the early postoperative 
period when even simple things can be difficult. Also, it 
allows the patient to take antibiotics the night before 
surgery to assist in preventing infection and provides the 
patient with sedatives should sleep be difficult the night 
before surgery. 

The patient is urged to stop smoking 1 month prior to 
surgery. All medications containing aspirin, steroids, non- 
steroidal anti-inflammatory agents, and vitamin E, as well 
as all herbal medications, should be discontinued at least 
2 weeks before surgery. If there is a history consistent with 
a bleeding diathesis, however tenuous, preoperative bleed- 
ing time, platelet count, prothrombin time, and partial 
thromboplastin time or other coagulation studies should 
be ordered. The goal is avoidance of hematoma, the most 
common complication of rhytidectomy. 


SURGICAL PLANNING 


Successful face-lift surgery is achieved through thoughtful 
planning and execution of every aspect of the procedure 
(38). The amount of actual skin excised, the tightness and 
completeness of the lift in the cheeks, the ability to con- 
tour and resuspend the neck, the smoothness of the sub- 
mental region, and the degree to which the incisions can 
be camouflaged all are important considerations in achiev- 
ing a natural, nonoperated appearance. Rhytidectomy is an 
operation of compromises. 
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Figure 188.7 Schematic representation of the limits of improvement in the cervicomental con- 
tour imposed by the underlying hyoid bone and suprahyoid musculature. A high posterior hyoid is 
most favorable for face-lifting (A), and a low anterior hyoid is least favorable (B); most patients fall 
somewhere in between (C). (Reprinted from Conley J. Face-lift operation. Springfield, IL: C. Thomas, 
1968:40-41, with permission.) 


Anesthesia 


The authors prefer to perform face-lifts with the patient 
under general anesthesia in a hospital ambulatory setting 
or outpatient surgical center (39). Many patients prefer 
the idea of complete somnolence and amnesia and are 
relieved of any anxiety concerning positional discom- 
fort or surgical pain. The presence of an anesthesiologist 
permits monitoring of the patient's vital signs and status 
and allows the surgeon to concentrate on the events in the 
operative field. Communicating any special needs with the 
anesthesia professionals greatly facilitates the entire opera- 
tive and postoperative course. The draped endotracheal 
tube can be moved side to side and does not interfere with 
the procedure. The anesthesia team strives for rapid, effec- 
tive anesthesia with a smooth and deep emergence phase 
coupled with a relatively rapid recovery. Smooth extuba- 
tion must be guaranteed, as bucking on the endotracheal 
tube may predispose the patient toward hematoma forma- 
tion. No long-acting muscle-relaxing agents are permitted, 
to allow proper intraoperative facial nerve monitoring. 
Pre-dissection infiltration of local anesthesia with epi- 
nephrine is utilized for improved hemostasis. The authors 
prefer to have the patient emerge from anesthesia after the 
dressing is in place: this seems to facilitate dressing place- 
ment and allows optimal gentle pressure on the skin flaps 
to decrease the risk of hematoma formation further. 


Marking 


With the patient in the sitting position, the surgeon better 
appreciates the descended tissues and the effects of gravita- 
tional forces. This helps prevent judgmental errors regard- 
ing the amount of fat removal, the degree of laxity, and 
the amount of SMAS suspension required (40). Markings 
generally serve two main purposes. On one hand, they 
help outlining on the skin the areas and the severity of 
descended tissue, including skin and deeper subcutane- 
ous soft tissue such as SMAS and fat. Attention is precisely 
drawn to the lower third of the face around the jowl area 
and the mandibular line. Also the neck is marked for full- 
ness and skin laxity blunting the cervicomental angle as 
well as for vertical platysmal bands closer to the midline. 
Weak platysmal bands can be seen best with the patient 
upright. The patient is asked to jut the lower jaw forward 
and asked to grimace, and the platysmal bands may be 
demonstrated more easily. Other important anatomic 
landmarks to be marked include the anterior borders of 
the sternocleidomastoid muscles, the submental crease, 
the region of jowl formation, the angle of the mandible, 
the inferior mandibular border, and the geniomandibular 
groove. On the other hand, the authors use markings to 
delineate our farmost limit of dissection to avoid unneces- 
sary and perhaps dangerous dissection over specific areas. 
Also it is important to trim hair around the markings 
before proceeding to the incisions. This will prevent hair 
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from trapping in the incision lines when performing the 
closure. Hair is pulled away from the incision lines using 
rubber bands, and clear sticky drapes are placed to main- 
tain hair position out of the surgical field. 


Incisions 


While much of the recent literature on rhytidectomy 
describes techniques for improving the quality of the face-lift, 
far less attention has been devoted on detailing the means 
of avoiding visible incision lines (41). In fact, while patients 
present with an interest in facial rejuvenation, rarely would 
they pursue these goals at the price of visible incision lines. 

Several factors can influence incision location, but the 
authors have found that the most important variable is 
appreciation for the importance of preserving the tem- 
poral hair tuft and the posterior hairline in the female 
patient. The temporal region is key because a poorly 
designed and executed incision in this area can lead to 
temporal alopecia (Fig. 188.8). Descriptions of many of 
the classic face-lifts include a vertical preauricular incision 
that enters the temporal scalp posterior to the sideburn 
hair and then angles forward in a curvilinear fashion. 
The redraping of the anterior facial skin into the tempo- 
ral sideburn then creates an area of hair loss. This obvi- 
ous, unwanted sequela of face-lift surgery results from 
lifting and removing the natural temporal hair tuft. It 
is especially apparent in patients requiring a relatively 
large amount of skin removal from this region, who may 
already have thin, light-colored hair and a high tuft pre- 
operatively. Unfortunately, no salvage face-lift procedure 
can improve this complication, which is remedied by hair 
flaps or follicular unit hair transplantation. 

To avoid this problem, the authors use a temporal hair 
tuft-sparing incision (41) (Fig. 188.9). The incision begins 
horizontally no higher than the level of the supraauricu- 
lar crease (segment c to d). As it extends horizontally, the 
incision has a vertical limb (segment b to c) followed by 


Figure 188.8 This patient had a face-lift performed elsewhere, 
with improperly placed incisions that caused temporal alopecia, a vis- 
ible pre-auricular incision, and a post-auricular step-off in the hair line. 
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A: Schema of a poorly planned female face-lift inci- 
sion performed elsewhere still seen too often; the temporal portion 
of this incision should be avoided in women because skin excision 
after a posterosuperior pull leads to loss of the temporal hair tuft 
and a post-auricular posterior superior pull on the flap causes a 
hairline step-off. B: Schema of our incision with various segments 
labeled. Note the anterior superior vector for skin re-draping post- 
auricularly that realigns the hairline. The incision is hidden in the 
hair, not at its edge. C: Postoperative result of a typical patient 
with our incision showing no temporal hair tuft loss and well-con- 
cealed pre- and postauricular incisions. (Reprinted from Kridel RWH. 
Techniques for inconspicuous face lift scars. Arch Facial Plast Surg 
2003;5:323-333, with permission.) 


an anteroinferior limb (segment a to b) to accommo- 
date any excessive skin reduction and prevent tissue con- 
ing. To avoid visibility of this incision, the angle of the 
first horizontal portion closest to the ear is designed to 
bevel across the hair follicles; thus, even if there is no hair 
below this line, the hair follicles above will grow though 
the advanced lower facial skin flap and hide the scar. The 
more anterior vertical hair tuft (segment b to c) and then 
horizontal limb are made parallel to the hair follicles to 
avoid alopecia (Fig. 188.10). For each segment of this tem- 
poral incision, attention must be paid to the direction of 
beveling. 

Several alternatives for the posterior occipital inci- 
sion must also be carefully considered. Whereas an inci- 
sion along the inferior edge of the postauricular hairline 
completely preserves the existing hairline and simplifies 
redraping, postoperative widening of the scar or potential 
tissue loss makes this choice less desirable and requires 
the patient to wear the hair longer to camouflage the scars. 
Moreover, these patients can no longer wear their hair up 
because of the conspicuous scars. 


Hair at edge of incision Advanced face lift 


flap at surgery 


Hair camouflaging 
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Incisions that curve high into the postauricular area are 
completely hidden; however, potential flap necrosis and 
derangement of the hairline call for a compromise regard- 
ing the placement of the posterior incision. The authors 
prefer a horizontal incision that extends posteriorly into the 
hair from slightly below the midconchal region. However, 
in placement of this incision the authors take into consid- 
eration the spacing from the ear to the beginning of the 
posterior hairline. The incision extends about 5 cm and 
angles inferiorly at the distal end to reduce the potential 
cutaneous cone (dog ear) after flap rotation. This incision 
allows for an anterior vector during redraping maximizing 
the amount of hairline that is preserved. With experience, 
these postoperative posterior hairlines look quite full and 
natural. Respect and consideration for the patient’s exist- 
ing hairline and hair-bearing tissues pay great dividends in 
terms of patient satisfaction. 

Additional factors regarding incision placement involve 
differences between incision done in men and women, 
especially in the preauricular limb, but also in the earlobe 
and postauricular areas (42) (see “Male Face-Lift”). 


Figure 188.10 A: Beveling of incision perpendicular to hair shafts allows hair to grow through 
the advanced skin flap. B: Intraoperative view of incision beveled perpendicular to hair follicles. 
(Reprinted from Kridel RWH. Techniques for inconspicuous face lift scars. Arch Facial Plast Surg 


2003;5:323-333, with permission.) 
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OPERATIVE STAGE 


The classic, now outdated, face-lift procedure involves only 
the development of facial skin flaps and the redistribution 
and excision of excess skin (12). Undermining of the skin 
in the single-layer skin flap is usually extensive. This older 
technique is effective; however, the single-layer skin clo- 
sure often places greater tension on the tissues and results 
in wider scarring or possible tissue loss. Theoretically, the 
skin-only, long-flap face-lift may not be as long-lasting and 
could predispose toward an increased risk of postoperative 
bleeding. 

Contemporary facial plastic surgeons use either the 
concept of the two-layer cervicofacial rhytidectomy with 
suspension of the SMAS or the extended sub- SMAS/deep 
plane rhytidectomy (43). As already discussed, while 
many surgeons feel that the deep plane lift gives more 
long-lasting results and decreases the incidence of hema- 
tomas, there are as of yet no definitive studies to con- 
firm these findings. In fact, while one study attempted 
to compare “deep plane versus superficial musculoapo- 
neurotic system plication” face-lifts, Baker noted that 
many questions remain unanswered (25,44). As such, 
the authors will proceed with a brief descriptive outline 
of both procedures. 

After appropriate marking of the patient and initiation 
of general and infiltrative anesthesia, the submentoplasty 
is performed. 


Submentoplasty 


The term submentoplasty encompasses submental lipec- 
tomy and platysmaplasty, as well as limited skin resec- 
tion from the submental area on rare occasions. In both 
the SMAS and sub-SMAS rhytidectomy, surgeons have 
incorporated the use of suction-assisted lipectomy and 
platysmaplasty (40,45,46). The two-layer SMAS suspen- 
sion technique and liposuction has numerous advantages. 
Open liposuction under direct surgical vision permanently 
removes fat cells and recontours difficult facial areas, such 
as the jowl and periparotid region. To gain the maximum 
improvement in the neck, most patients should undergo 
platysmaplasty at the time of face-lift. Most patients who 
are candidates for face-lift also have ptosis of the anterior 
platysma causing banding. This problem is best handled 
by low division of the offending bands and resection of 
the excess muscle under direct vision. Also, unlike the 
musculature of the face, the platysma of the neck is natu- 
rally dehiscent in the midline, with only a tenuous fascial 
connection between the paired muscles. In the absence of 
midline platysmal plication, SMAS suspension pulls the 
anterior margins of the platysma laterally, actually weaken- 
ing support for the submental fat. Plication of the anterior 
margins resists this lateral migration and allows suspen- 
sion to strengthen submental support and enhance recon- 
touring of the neck. Finally, in most patients, a significant 
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proportion of the excess submental fat is actually in the 
anatomic submental triangle, deep to the platysma, and 
therefore not accessible by closed liposuction. In these 
cases, the platysmaplasty approach allows access to this 
area, with direct open lipectomy. It has been our experience 
that the addition of routine platysmaplasty to rhytidec- 
tomy has both enhanced results in the neck and increased 
the duration of the aesthetic improvement (Figs. 188.11 
and 188.12). 

A horizontal incision 1.5 cm long is made in the sub- 
mental crease. Sharp dissection is used to start a plane 
just below the dermis. Next, a double-lumen blunt- 
tipped liposuction cannula is advanced radially to form 
an even subcutaneous pocket in the submental/cervical 
region. Then the cannula is advanced, with the lumen 
toward the deep tissues at all times, in a back-and-forth 
fashion. Fat is suctioned from the previously delineated 
areas. Dissection is facilitated by tenting the skin upward 
and using a rapid motion, which avoids suctioning in 
the same area for too long. Aggressive suctioning in one 
position might create dimples and irregularities. Using 
the “pinch and roll” technique of palpation of the skin 
between the thumb and forefingers, it must be ensured 
that no excessive fat deposits are inadvertently omitted 
during this part of the procedure. Liposuction is carried 
inferiorly over the hyoid and toward the thyroid notch, 
then laterally to overlap the anterior borders of the ster- 
nocleidomastoid muscles, and then superiorly to the 
dependent portion of jowl formation and the edge of the 
mandibular border (Fig. 188.13). 

The submental, subcutaneous pocket is inspected 
with the assistance of a fiberoptic headlight and a modi- 
fied Converse retractor looking for individual neurovas- 
cular septations and controlling any rare bleeding points 
by using suction cautery. The anterior borders of the pla- 
tysma are then identified and a small amount of horizon- 
tal sectioning is performed of the platysma at the level of 
the thyroid notch. If fat is found to be excessive between 
the medial edges of the platysma, one could do a direct 
lipectomy with the scissors. Staying midline and avoiding 
undermining the platysmal edges is important. The ante- 
rior borders of the platysma are then reapproximated in 
the midline using a corset platysmaplasty of 2-0 Vicryl 
suture. At all times, the vector of force is medial and supe- 
rior. The plication is at least to the level of the hyoid; how- 
ever, care is taken to avoid excessive tightening, which can 
strangle the sutured muscle. Also one should perform big 
enough bites to provide adequate tensile strength without 
being overaggressive and creating bunching that leads to a 
nondesirable central band. 

The submental incision is left open until the end of the 
lift to provide access for inspection and further cautery as 
needed. Only after both flaps have been elevated, trimmed, 
and sewn into place should the submental incision be 
closed. This also allows for conservative submental cutane- 
ous resection on rare occasions when excess is substantial 
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A, B: Preoperative and postoperative views after face-lift, submentoplasty, brow- 
lift, submalar implants, and CO, laser resurfacing to the perioral and periorbital regions. 


B 


A, B: Preoperative and postoperative views after face-lift, submentoplasty, bleph- 
aroplasty, and 15% TCA peel to face and neck. 
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Figure 188.13 The direction of submental liposuction in a fan- 
like configuration. 


even after flap redraping laterally and posteriorly. The 
authors prefer a layered closure, using 5-0 plain for the 
subcutaneous layer and 6-0 Prolene in a running locking 
manner for the skin. 


Flap Elevation 


Next, beginning on one side, the previously delineated 
incision is made. Dissection is started occipitally, and the 
skin flap begun using face-lift scissors. With the scissors 
tips pointed upward, a gliding motion is used to develop 
the skin flap (Fig. 188.14). Upward direction of the scissors 
helps the surgeon better visualize the extent of the dissec- 
tion. The authors believe that gliding motion rather than 
spreading prevents stretching trauma to blood vessels and 
decreases the incidence of telangiectasia encountered in the 
postoperative period. The skin may be densely adherent to 


Figure 188.14 Intraoperative use of face-lift scissors, with the 
skin retracted. Notice the tips of the curved scissors can be seen. 
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the sternocleidomastoid fascia and the mastoid fascia, and 
meticulous superficial dissection in this area serves to ele- 
vate the flap without injury to the greater auricular nerve. 
The earlobe is dissected completely free and the skin mobi- 
lized over the tragus with small iris or serrated dissecting 
scissors. Because the temporal incision is placed to preserve 
the hair tuft, the plane of dissection should not be as deep 
as the temporalis fascia but rather just under the hair fol- 
licles. Superficial flap elevation in this region avoids injury 
to the frontal branch of the facial nerve, which crosses the 
zygomatic arch at this point. 

The authors usually develop a long flap in the neck and 
connect broadly with the submental preplatysmal dissec- 
tion to allow optimal redraping of neck skin. Fat deposits 
are removed gently under direct visualization, and facial 
contouring is inspected for uniformity and desired appear- 
ance. The area is irrigated with saline to allow an enhanced 
visualization and better achieve hemostasis. Irrigation 
also cleans the wound from any free adipose tissue that 
underwent devascularization during dissection. The 
authors believe that this tissue would create an increased 
inflammatory response and prolong the healing phase if it 
remained in the surgical bed. Bleeding is controlled with 
bipolar cautery to avoid facial nerve or skin flap injury. 


SMAS Suspension 


After flap elevation, direct surgical management of the 
SMAS fascia is performed. SMAS suspension is the founda- 
tion on which the longevity, safety, and aesthetically pleas- 
ing result is built. SMAS suspension permits tension-free 
closure of the incision by transferring the strength and sup- 
port of the face-lift rejuvenation to the deeper structures 
and tissues. SMAS suspension can be achieved by several 
different methods (47-50). 

Imbrication techniques involve direct incision, resection, 
or undermining of the SMAS fascia with the reapproxima- 
tion or overlap of the cut SMAS fascia edges. With imbri- 
cation methods, the SMAS is usually identified and incised 
within the region anterior to the tragus and below the ear- 
lobe, overlying the deeper parotid fascia. Many surgeons 
undermine a separate SMAS fascia layer and resect excess tis- 
sue after advancement and redraping. However, one should 
be careful when elevating two different flaps (cutaneous 
and SMAS) separately as vascular compromise might ensue 
if a large area is dissected. Proper suture placement buries 
each knot to prevent suture spitting or later palpation by 
the patient. An alternative imbrication technique involves 
excising a segmental portion of SMAS and resuspending 
the anterior cut layer without additional undermining. 
Increased sharp dissection associated with imbrication 
techniques increases the risks of bleeding, nerve injury, and 
skin slough. In patients with wide, chubby faces, imbrica- 
tion and resection tends to flatten the region overlying the 
parotid gland and therefore may offer some advantages in 
early surgical definition of this region. 


Plication techniques for SMAS suspension avoid direct 
cutting and undermining of the SMAS layer. The surgeon 
folds the SMAS fascia on itself and secures the newly folded 
tissues with permanent buried sutures. Because SMAS pli- 
cation involves less dissection and surgical time, the poten- 
tially decreased risks are thought to offer some significant 
advantage over imbrication. 

With either technique, SMAS suspension lifts and resup- 
ports the attached skin layer and reduces the amount of 
potential cavity space created during flap elevation. The ques- 
tion of which technique is better in terms of long-term results 
and decreased morbidity is controversial. Webster et al. (51) 
studied imbrication versus plication by performing each 
method on opposite sides of the face. By taking exact mea- 
surements and confirming the findings on fresh cadaver dis- 
sections, they concluded that there was no objective benefit 
favoring imbrication over plication during the surgical pro- 
cedure. Subsequent studies failed to demonstrate any long- 
term advantages either. Because imbrication theoretically 
involves a greater chance for surgical morbidity, the authors 
prefer plication for SMAS suspension. 

The direction of forces applied to the SMAS layer by 
sutures is important, and specific vector patterns are used 
routinely. Plication is done by tugging on the SMAS fas- 
cia in a bidirectional vector. Before placing any sutures, the 
effect of each tug on the face and neck should be noted and 
the desirable sites secured with 2-0 nonabsorbable sutures. 
Braided sutures are utilized in order to provide knot secu- 
rity without multiple ties, which can otherwise lead to 
palpable suture knots. Multiple buried sutures are placed 
along each vector to avoid relying on only one suture. The 
first suspension vector generally runs from the angle of the 
mandible to the fascia near the superior mastoid cortex. 
Suturing at this point affects the cervicomental angle and 
the angular bony contour of the mandible, which define 
a smooth jawline and neck. Attention is then turned to 
the second vector, which originates in the SMAS of the 
cheek and mandibular ramus near the anterior border of 
the parotid. The SMAS here is extended with a more supe- 
rior than posterior vector toward the preauricular sulcus 
and tragus. Finally, the third vector extends from the pos- 
terior border of the cervical platysma in a predominantly 
superior direction to the sternocleidomastoid fascia in the 
region of the mastoid tip. Additional sutures are placed 
where required for even, firm plication. This is mostly 
performed around the parotid area to flatten the bumps 
created by plication sutures, creating a smooth and more 
natural result over the cheeks. 

The overall direction of pull remains superior and only 
partially posterior (Fig. 188.15). A pull that is too posterior 
creates a distinctly unattractive and artificial appearance 
sometimes referred to as the lateral sweep. Posterior lifts 
tend to widen and flatten the oral commissure, resulting 
in a disproportionately large mouth. The standard rhyt- 
idectomy with SMAS suspension may fail to improve the 
nasolabial fold to a significant extent unless significant 
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Figure 188.15 Arrows indicate the direction of pull for SMAS 
plication. 


subcutaneous dissection is performed. The SMAS inserts 
on the mimetic muscles of the face (21). In the perioral 
area, these include the platysma and the same lip retrac- 
tors and elevators discussed previously. SMAS suspension 
therefore results in further lateral and superior displace- 
ment of the perioral soft tissues, which are densely attached 
to the mimetic musculature with relatively little effect on 
the malar soft tissues, which at best are associated only 
weekly with the muscular plane. In isolation, then, the act 
of SMAS suspension theoretically could deepen the naso- 
labial fold even further. That it does not seem to deepen 
in practice likely results from the excision of excess skin 
performed after SMAS suspension. The greater the amount 
of skin excised, the more improvement in the fold. Because 
of preoperative skin laxity, it is generally possible to excise 
sufficient skin to result in a small net improvement in the 
fold without closing under undue skin tension and predis- 
posing to skin slough or scar widening. However, it should 
be noted that placement of sutures, application of tension, 
and removal and redraping of skin are so individually 
variable that different surgeons will find widely disparate 
results while using the same overall technique. 


DEEP PLANE LIFT 


The SMAS suspension face-lift is a highly effective opera- 
tion. With appropriate case selection and planning, both 
patient and surgeon can expect a technically sound sur- 
gery to produce very satisfactory results. However, cosmetic 
surgeons and their patients are very demanding groups. 
Therefore, innovative surgeons have continued to attempt 
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to improve the SMAS plication face-lift by doing deep 
plane/sub-SMAS face-lifts (31,52). 

The primary areas of patient and surgeon dissatisfaction 
with generally accepted face-lift techniques have been the 
nasolabial fold, the inconsistency in achieving long-term 
results, and the occurrence of perioperative complications. 
The family of deep dissection rhytidectomies is aimed pri- 
marily at improving the nasolabial fold to a greater extent 
than is possible using widely accepted SMAS suspension 
techniques. Of the various techniques that have been 
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reported (22,23,52), the deep plane or, more recently, 
composite rhytidectomy of Hamra has attracted the most 
interest. The key distinctions of deep plane rhytidectomy 
relative to the SMAS plication procedure described in 
detail already will be discussed and the theoretical advan- 
tages and disadvantages noted. 

The deep plane rhytidectomy is in fact carried out at 
three different planes, depending on the area of the face 
and neck being dissected (31,25) (Fig. 188.16). The dissec- 
tion of the neck (inferior to the jawline) is preplatysmal 


Subcutaneous 
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Figure 188.16 Comparison of three different generations of 
rhytidectomy. Note that the neck dissection is in the same plane 
in all three (A, B, and C). (Adapted from Hamra S. The deep-plane 
rhytidectomy. Plast Reconstr Surg 1990;86:53.) 


Deep Plane 
Rhytidectomy 


and is connected subcutaneously with the contralateral 
dissection. A platysmaplasty with submental lipectomy 
is performed. In this area, the operation is similar to that 
already described. 

Dissection of the lower face is carried out in a sub- 
SMAS plane, in contradistinction to the subcutaneous 
plane described previously but similar to most SMAS 
imbrication techniques. One significant point of differ- 
ence with established techniques is that the sub-SMAS dis- 
section is carried out anterior to the parotid, where the 
buccal and marginal branches of the facial nerve may be 
encountered. A second distinction is that the subcutane- 
ous plane is developed only minimally so that the bulk of 
the elevated flap contains SMAS along with the skin and 
subcutaneous fat. 

Finally, dissection in the midface is carried out over 
the malar eminences into the central face. This dissec- 
tion is much more extensive than in other SMAS suspen- 
sion techniques. The subcutaneous plane is maintained 
initially for 2 to 3 cm anterior to the tragus, presumably 
to avoid injury to the frontal branch of the facial nerve. 
A thick flap then is developed anteriorly, with dissection 
immediately superficial to the orbicularis and zygomati- 
cus muscles. No other motor nerve branches should be 
encountered in this plane, as they enter the muscles from 
their deep surface (53). The two facial dissection planes 
are bluntly connected to create a large, thick flap. Excess 
skin is excised after the flap is resuspended at the SMAS 
level under tension (25). 

The major theoretical advantage of this and similar 
procedures is that the malar fat and skin can be elevated 
and resuspended, and the nasolabial fold can be under- 
mined, allowing for its effacement. Additionally, the 
face-lift flap is maintained as a “myocutaneous” flap (25) 
consisting of platysma, SMAS, and the superficial tissues, 
purportedly allowing increased viability and closure under 
greater tension than is possible with standard procedures. 
Further possible advantages include a decrease in hema- 
tomas because of a more avascular dissection plane and a 
decrease in skin slough due to the theoretically increased 
viability. The major theoretical disadvantage of the deep 
plane dissections is the increased exposure to the facial 
nerve in the lower face with the concomitant possibility of 
injury. Moreover, patients with deep rhytids or acne scar- 
ring may also find improved results from SMAS suspen- 
sion with an extended skin flap, which may stretch the skin 
itself more directly. Because of the widespread interest in 
this procedure, it is important to evaluate these potential 
advantages and disadvantages critically. 

If ptotic subcutaneous fat in the malar region is a signifi- 
cant contributor to a prominent nasolabial fold, one could 
predict improvement in the nasolabial fold with infrazy- 
gomatic undermining, as described by Hamra and others 
(24,25,54). This fat is not to be confused with the buccal 
fat pad (of Bichat), which gives the cheek most of its full- 
ness but lies at a deeper plane, in intimate association with 
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the facial nerve. On the other hand, anatomic studies of the 
nasolabial fold demonstrate that it usually consists of little 
more than skin excess (21,55). In this case, it would seem 
that only skin resection, and not deep tissue repositioning, 
is capable of attaining significant improvement in this area. 
Because the current SMAS suspension procedures usually 
do not involve undermining medial to the malar eminence, 
the deep plane procedures as described should obtain some 
advantage in malar skin redraping and resection. 

As for theoretically improved viability with the deeper 
plane of dissection, this depends on the vascular anatomy 
of the flap. For the deep plane face-lift flap to be a true 
fasciocutaneous flap of the SMAS based on the facial artery, 
as asserted, there must be multiple small perforators from 
the SMAS to the overlying skin, with only the distal few 
centimeters immediately anterior to the pinna left ran- 
dom, as this area is undermined subcutaneously. At least 
one recent study of the vascular anatomy of the face calls 
this interpretation into question (54). The authors observe 
vast numbers of small perforators from the facial system 
in the medial face but only sparse perforators in the trans- 
verse facial and posterior auricular distributions. Abundant 
small perforators from the facial system via the SMAS fas- 
cia are not described. Indeed, subcutaneous face-lift dissec- 
tion results in little bleeding above the jawline and in front 
of the ear, except for the transection of the transverse facial 
perforators, which are divided in the deep plane dissec- 
tion as well. These observations suggest the possibility that 
both the classic and deep plane face-lift flaps are similarly 
viable large random flaps. As skin slough is a relatively rare 
complication, extensive experience with deep plane lifting 
will be required before reliable empiric judgments can be 
made. 

A much lower incidence of hematoma (about 1%) rela- 
tive to the classic procedure (8%) is reported for the deep 
plane procedure (25), providing some indirect evidence 
that the dissection is more avascular. Given that dissection 
in the neck for both procedures is in a similar plane, only 
the facial hematoma incidence is likely to be lower. It may 
be, however, that neck hematomas can be reduced as well 
by remaining strictly in the preplatysmal plane as recom- 
mended by Hamra (25) rather than hugging the subcuta- 
neous tissues as described above, regardless of whether a 
deep plane or a more standard SMAS suspension proce- 
dure is performed. 

In most SMAS suspension procedures practiced today, 
the facial nerve is well protected. As long as SMAS under- 
mining is not carried forward of the anterior margin of the 
parotid, the nerve is shielded by the gland parenchyma. 
Anterior to the gland, the nerve courses within the buccal 
fat pad deep to the SMAS and therefore is exposed to injury 
by SMAS undermining in this area. In a similar vein, dis- 
section that remains meticulously superficial to the zygo- 
maticus will protect its innervation; however, the branches 
to the lower orbicularis are more superficial (the orbicularis 
lies in a plane superficial to the zygomaticus) and may be 
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vulnerable to injury by dissection over the malar eminence 
if care is not exercised to remain strictly superficial to the 
orbicularis as well (53). Both areas are manipulated by the 
deep plane lifting techniques, which therefore carry theoreti- 
cally greater risks of nerve injury. A working estimate of the 
incidence of temporary weakness in deep plane face-lift can 
be obtained by combining cases from several recent reports 
(25,56,57). These authors report a total of 23 cases of tem- 
porary paralysis in 638 deep plane rhytidectomies, for an 
estimated incidence of 3.6%. By contrast, a classic review of 
facial nerve injury in more standard rhytidectomy revealed 
50 cases of paralysis in 6,500 rhytidectomies, for an inci- 
dence of 0.8%. Seven of these cases were permanent (32). 
Although no cases of permanent paralysis have yet been 
reported for deep plane rhytidectomy, it would seem reason- 
able that the incidence would be correspondingly higher. 


Flap Closure 


Drains 

Many surgeons elect not to drain their standard face-lift 
flaps and reserve drains for excessively long procedures or 
those in which less-than-perfect hemostasis was achieved 
(58). A successful argument can be made for omitting 
drains because the percentage of early seroma and hema- 
toma formation is quite low, and no one has been able 
to demonstrate that either open or closed suction drainage 
systems prevent hematoma. 

The authors nevertheless favor the use of closed suc- 
tion drainage in our face-lift patients. The authors have 
noted great improvement in early skin flap adherence to 
the deeper layers of dissection because the drains actively 
remove small amounts of fluid. The authors’ patients have 
reported much less discomfort with suction drains than 
without them, perhaps because there is no fluid pressure 
buildup beneath the flap. A Blake perforated drain is placed 
through a separate posterior stab incision. Aspiration via a 
bulb suction device continues until the first postoperative 
day, or longer on rare occasions. A fluffy pressure dressing 
is still used to support the face and neck and ensure uni- 
form, gentle pressure on the flap. 


Earlobe and Tragus 


Special attention is given to the flap closure about the ear- 
lobe and tragus to prevent postoperative sequelae often 
associated with these structures. An elongated earlobe 
directly attached to the facial cheek skin, known as the pixie 
or satyr earlobe, is a common complication (Fig. 188.17). 
Other problems include earlobes that are too pendulous 
and scars visible below the earlobe. 

Prevention is by far the best management of these dif- 
ficulties. During closure, a generous amount of perilobular 
flap skin needs to be left around the earlobe. Additionally, 
the skin flap may be fixed to the SMAS or mastoid fascia 
superiorly. The authors have seen consistently pleasing 
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Figure 188.17 Pixie-ear or satyr-ear deformity caused by exces- 
sive skin excision or tension at the earlobe. 


earlobes in our face-lift patients by adhering to the follow- 
ing principles. The earlobe complex is dissected completely 
free from the skin and subcutaneous tissue, rendering it 
completely mobile. After the initial perilobular flap cut is 
made before SMAS plication, the authors seldom alter this 
incision length (Fig. 188.18). Before closure, the earlobe 
shape is preserved by a horizontal mattress-type suture of 
5-0 Prolene, as described by Clyde Litton (personal com- 
munication, Washington DC, 1986) (Fig. 188.19). This 
suture suspends the earlobe superiorly, maintains a normal 
crease, and prevents the lobe from being pulled downward. 
The inferior edge of the earlobe is attached to the skin flap 
by a separate individual Prolene suture. 

The tragus shape and projection are similarly affected by 
flap-closure techniques when a posttragal incision is used. 
Common postsurgical tragal deformities include blunting, 
irregularity, and anteriorly dislocated cartilage. Blunting 
is prevented with a pretragal deep polydioxanone suture 
(Figs. 188.20 and 188.21). This suture will help recreate 
the anatomic pretragal sulcus. Moreover, in addition to 
defatting the skin overlying the tragus, the flap in this area 
is trimmed to leave a generous portion of extra skin that 
more than sufficiently covers the tragal cartilage without 
tension. This segment is sutured to the canal portion of 
the tragal skin with individual 5-0 plain gut sutures, taking 
care to avoid needle entry into the cartilaginous tragus. 


Wound Closure 


The postauricular flap and the temporal region have been 
trimmed and the incision approximated in these areas by 
using skin staples. Wound-edge eversion is helpful to fine- 
line incision healing. The authors oppose the skin edges 
with a lightly run, locking suture of 5-0 plain gut, even in 
areas that have been stapled. This hemostatic-type stitch 
also ensures an airtight flap closure, which allows the suc- 
tion drain to function more effectively. This extra atten- 
tion to wound eversion is worth the effort as it seems to 
improve the appearance of the incisions. 
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Intraoperative photograph, before plication, showing A: the perilobular flap cut to 
set the lobule and B: the flap re-draped around the lobule. 


To further prevent tethering of the lobule, a mat- Deep suture to recreate the anatomic pretragal 
tress stitch with 5-0 polypropylene is placed at the free cut edge of sulcus. (Reprinted from Kridel RWH. Techniques for inconspicu- 
the lobule and secured to the underlying tissues (Clyde Litton, oral ous face lift scars. Arch Facial Plast Surg 2003;5:323-333, with 
communication, 1986). (Reprinted from Kridel RWH. Techniques permission.) 
for inconspicuous face lift scars. Arch Facial Plast Surg 2003;5: 

323-333, with permission.) 
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Figure 188.21 Deep suture to recreate the anatomic pretra- 
gal sulcus shows as an indentation. (Reprinted from Kridel RWH. 
Techniques for inconspicuous face lift scars. Arch Facial Plast Surg 
2003;5:323-333, with permission.) 


SPECIAL CONSIDERATIONS 
Male Face-Lift 


Although men seek facial rejuvenation less commonly 
than women, the numbers of male face-lifts are increas- 
ing. The novice surgeon should be aware of the few dif- 
ferences that exist between male and female face-lifting. 
Although mostly technical, differences are also on the psy- 
chological level. Some authors agree that males seeking 
rhinoplasty tend to be more detail oriented and demand- 
ing than women. However, when it pertains to face-lifting, 
the authors believe it is quite the opposite phenomenon. 
Female patients are often very particular about any kind 
of asymmetry, wrinkle, or bulge that is left or any result 
that does not return them to the way they were many years 
ago. Generally, female patients will have better aesthetic 
results following surgery. This might be due to the fact that 
men have thicker skin perhaps secondary to beard forma- 
tion and also have larger parotids that could contribute to 
a fuller cheek appearance. 

From a health perspective, men tend to have more 
cardiovascular diseases, for instance, making them at an 
increased surgical risk compared to women of the same 
age. One should be careful to inquire about past medical 
and family history to better coordinate patient care with 
the primary care provider and obtain medical clearance. 

The pattern and distribution of facial and temporal 
hair in a male patient are important preoperative con- 
siderations. In a patient with severe temporal recession, 
in a bald patient or in a patient who shaves his head, 
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counseling is important as incision placement would be 
apparent despite the greatest effort in planning. Many fac- 
tors affect incision placement not only in the preauricular 
area but also around the earlobe and in the postauricular 
area. Some surgeons prefer a pretragal rather than a post- 
tragal incision in male, for fear of bringing hair-bearing 
skin over the tragus (Figs. 188.22 and 188.23). This cer- 
tainly is a concern, especially in patients with lax skin 
where the surgeon is planning considerable amount of 
cutaneous resection. In patients that prefer a retrotragal 
incision, the authors directly address the hair follicles by 
cutting them with the scissors flat on the undersurface 
of the flap. Cautery can often assist in this task as well. 
This is done when thinning the newly formed tragal skin, 
remaining careful not to be overaggressive to prevent post- 
operative epidermolysis over the prominent tragal area. 
Such planning prevents a scar in the preauricular area, but 
risks the presence of hair on the tragus, in spite of inac- 
tivation of the hair follicles. The authors inform patients 
that they may need postoperative electrolysis or laser hair 
removal in this region. Because the male sideburn blends 
into the beard, loss of the temporal tuft is less problematic 
than in female patients, as the sideburn could be recreated 
from growing the beard. Therefore, a curving vertical inci- 
sion in the posttuft scalp rather than anterior to the tuft is 
permissible in men. 

The incision around the earlobe is generally at the infe- 
rior attachment, except in male patients where a margin of 
non-hair-bearing skin is preserved so hair does not abut 
the lobe postoperatively, bringing discomfort to the patient 
and added challenge when shaving in that area. 

The third area that needs additional planning is the 
postauricular incision that extends over the mastoid and 
the occipital hair. This incision generally is drawn over the 
posterior surface of the concha before continuing in the 
hair in female patients. In men, it is preferable to place it 
lower, at the level of the cephaloauricular groove. This will 
prevent hair-bearing skin from reaching the concha, mak- 
ing shaving again an awkward task. However, the authors 
still inform male patients the need to shave over a new 
zone in the postauricular area as the hair-bearing skin flap 
is relocated posteriorly and superiorly. 

During skin flap elevation over the cheek and the neck, 
one should be careful not to create too thin of a flap in 
males. This might inadvertently injure the hair follicles and 
create areas of permanent patchy beard alopecia. Skin flap 
thickness should be examined both from outside and from 
under the flap throughout the dissection to allow evenness 
and safe movements. Ideal skin thickness is achieved when 
the surgeon can see the untraumatized hair follicles from 
under the flap. In that regard in males, the thickness of the 
flap can vary from patient to patient, and it is often dic- 
tated by the depth of the hair follicles. 

Last but not least, increased rates of postoperative 
hematoma have been reported in male patients, perhaps 
due to the rich subdermal plexus feeding the hair follicles. 
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Figure 188.22 A: Schema of two options for male face-lift incision. Note a cuff of non-hair-bearing 
skin is left around the lobule, and the postauricular incision is placed in the sulcus and not onto the 
concha, as in women, to prevent men from having to shave in these areas. B: Schema of the retrotragal 
male incision after skin excision and flap redraping. The tragus is now covered with hair-bearing skin. 
Note also the preserved non-hair-bearing cuff of skin around the lobule. (Reprinted from Kridel RWH. 
Techniques for inconspicuous face lift scars. Arch Facial Plast Surg 2003;5:323-333, with permission.) 


Vil Frontalis Muscle Some surgeons prefer the deep plane lift, advocating a less- 
ened risk of hematoma formation as the ramified subder- 
mal plexus is left intact. 


Secondary and Revision Face-Lift 


Despite our best intentions, plans, and efforts, some patients 
may be unhappy because of real or perceived unsatisfactory 
results. Remember that the patient may not always be as 
critical of the outcome as the surgeon. The authors consider 
it inappropriate to impose our desires for near perfection 
on a patient who otherwise may be perfectly happy with the 
degree of improvement. On the other hand, mutual con- 
cerns over acquired asymmetries, incomplete lifts, persistent 
facial irregularities, or general unsatisfactory results are best 
acknowledged openly, with plans made for further correc- 
tion if possible. Of course, face-lift surgery does not arrest the 
aging process, and the need for minor tuck-up procedures 
should not be considered a complication of face-lift surgery. 
This is especially true in older patients whose skin has lost 
its elasticity and heavy neck patients who require a lot of fat 
removal. In fact, some surgeons believe in planned, sequen- 
tial rhytidectomy and address this issue in the preoperative 
assessment (36,63). Other than being indicated for recur- 
rence of the signs of aging in the lower two-thirds of the face 
Figure 188.23 The frontal branch of the facial nerve at different and neck, a revision or a tuck-up might be indicated when 
locations in its course. a previous procedure was underdone or overdone or when 
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complications have arisen during the postoperative course. 
A partial revision could thus be planned to specifically 
address localized problems. Just as with primary surgery, 
secondary surgery could be tailored to address one or more 
specific areas. For instance, a recurrence of platysmal bands 
in the neck can be corrected with a platysmaplasty alone 
without having to do a full face-lift. Other indications for 
secondary surgery include persistent or recurrent jowling, 
platysmal bands, submental fat, or lax skin. 

A prior face-lift or other neck surgery may complicate 
the proposed procedure. The placement and quality of 
prior face-lift incisions should be noted and discussed with 
the patient. Although it may be desirable to revise scars at 
the time of surgery, the surgeon might not be able to resect 
the entire width of a scar, specifically when the scar is wider 
than what could be excised without risking a tension clo- 
sure after redraping the skin. Closing under tension would 
risk the same complication one is trying to correct. 

Additionally, it may be useful to explore the patient's 
attitude toward the prior surgery. If the patient was dis- 
satisfied with the result, the surgeon should proceed with 
caution and further evaluate the patient’s motivations. The 
patient may have been reasonably unhappy with a poor 
result, but he/she may also be difficult to please, even with 
a technically sound job. 

Dissection might technically be more difficult in a sec- 
ondary surgery due to previous scarring in the deep tissues. 
Furthermore, scarring could have incorporated branches of 
the facial nerve especially if the SMAS has been elevated, 
rendering dissection more dangerous. If the SMAS was 
previously addressed with plication, that same technique 
could be safely utilized again for the revision, as one will 
not be in a sub-SMAS plane. Nevertheless, plicating the 
SMAS might still be a challenge as it has possibly been 
weakened. Sutures might just tear through thinned tissue 
and desired tension will have to be achieved with the use 
of an increased number of stitches. Some surgeons have 
reported that particularly in these revision cases a deep 
plane lift sometimes allows for better planes of dissec- 
tion. The surgeon must be honest with himself or herself 
and with the patient about his or her ability to improve 
the aesthetic result. Any other prior neck surgery or irradia- 
tion might also adversely affect the ease of dissection and 
progress of healing or, as in the case of neck dissection, 
might expose deep neck structures to catastrophic injury. 
Incorporating these considerations into the surgical plan 
will help avoid a grave outcome. 


POSTOPERATIVE CARE 


The patient should be given detailed typewritten postop- 
erative instructions before the surgery to allow the patient 
and his or her family to read the instructions in detail and 
ask questions before surgery. After surgery, the patient and 
family are informed again of problems that might arise 
and instructed to call the physician for any questions. 
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The authors use a large bulky dressing right after sur- 
gery, partly to discourage turning of the head, which can 
lead to hematoma formation. Patients often complain 
that their bandage is too tight right after surgery, which 
usually indicates that they are feeling the tightening of 
the lift and the bandage. If a compressive dressing is used, 
the surgeon can make a vertical incision in the midline 
of the dressing at the inferior border and see if there is 
any relief, but patients must be ready to accept a feeling 
of tightness. 

Postoperative orders are geared toward keeping the 
patient calm and as pain-free as possible. Increased pain 
leads to increased blood pressure, which can increase the 
likelihood of complications. Likewise, a full bladder after a 
long procedure can increase blood pressure. 

The surgeon should check on the patient the night of 
surgery. Any unilateral pain that is unrelenting and unre- 
sponsive to routine pain medication should alert the 
physician to possible hematoma formation and must be 
addressed as soon as possible. The patient also should 
be seen on the first postoperative day; drains are usually 
removed at this time, depending on the amount of drain- 
age noted. Before releasing the tension of the bandage 
and removing the drains, fluffs are held over the area from 
which the drains are going to be removed, and pressure is 
applied. Pressure is maintained in those areas until a new 
bandage can be reapplied. This step helps to keep down the 
flaps and prevent hematoma or seroma formation. Before 
placing the new dressing on the first postoperative day, 
antibiotic ointment or cream is applied on all incisions 
(we prefer gentamicin cream), making sure to apply some 
at the external auditory canal to prevent any Pseudomonas 
from the external canal from contaminating the incisions. 

Usually by the second or third postoperative day, the 
large bulky dressing can be totally removed, and an elas- 
ticized facial sling can be used. This helps the skin flap to 
maintain close contact with the subcutaneous tissue and 
provides faster revascularization and even contraction. It is 
important to pad the ears because these elasticized ban- 
dages can rub the thin skin of the pinna and thus cause 
irritation. 

Usually on the fifth postoperative day, a few of the ante- 
rior preauricular stitches are removed, and the patient's 
hair is washed in a shampoo sink in the office. Patients are 
cautioned not to use hair dryers in the immediate postop- 
erative period because some numbness of the periauricular 
and scalp areas will be present, possibly causing patients to 
burn their skin with the hair dryer due to lack of sensation. 

Over ensuing visits, all the sutures are removed and the 
incisions examined under the microscope, especially in the 
hair-bearing areas to check for ingrown hairs, which can 
occur up to several months after surgery. After performing 
beveled incisions, this step also ensures that the hair will 
actually grow through the incision for camouflage. Often 
hairs become trapped and need help to come through the 
advanced flap. 


Almost all patients have significant swelling or bruising 
postoperatively, and often this is difficult for the patient to 
accept. Gentle reassurance is key in the first postoperative 
weeks. As Goin and Goin (59) pointed out, if everything 
has gone well and the results are good, it is important for 
the physician to tell the patient so. Patients do not know 
how they should look and whether things were done well 
unless the doctor says so. Patients often forget what they 
looked like before surgery. For that reason, giving them 
prints of their preoperative photographs at the first or sec- 
ond postoperative visit is extremely helpful. This allows 
patients to compare their preoperative and postoperative 
conditions. 


COMPLICATIONS 


Nerve Injury 


Injury to the facial nerve is fortunately a rare complica- 
tion, with a reported incidence of between 0.4% and 2.6% 
(35,60-62). The motor nerve branch most vulnerable to 
direct, technical injury is the frontal branch of the zygo- 
matic—temporal division of the facial nerve. This is because 
of its superficial location as it traverses the midportion of 
the zygomatic arch (Fig. 188.23). The authors avoid deep 
plane dissection entirely in the region superior to the arch 
and anterior to the temporal hairline to negate the risk of 
frontal nerve branch injury. Anatomic considerations are 
important for the marginal mandibular nerve and buccal 
nerve divisions as well. Marginal nerve injury results in an 
asymmetrically oriented smile with a higher position of 
the lower lip on the affected side due to unopposed action 
of the opposite depressor lip musculature (Fig. 188.24). 
Platysma transection and excessive SMAS traction in the 
region near the angle of the mandible and inferior man- 
dibular border can result in marginal nerve paralysis. 
Buccal motor nerve branches are injured with aggressive 
dissection medial to the anterior border of the parotid 
gland. An asymmetric flattening of the midfacial contour 
may accompany buccal division injury. 

Total facial nerve injury is extremely rare. If it is seen 
postoperatively and complete nerve transection is doubt- 
ful, consider a concomitant Bell’s palsy (60). Transient 
paralysis of one or more facial nerve branches often is 
related to local action imposed by infiltrative anesthesia. 
Any prolonged paresis merits additional investigation and 
should not be attributed to the lidocaine effect. Additional 
causes of facial nerve injury include thermal injury by elec- 
trocoagulation; crush or pinch injuries caused by instru- 
mentation or deep suture ligature; excessive SMAS traction; 
inflammation or infection; pressure from hematoma for- 
mation; and distortion, fibrosis, and scarring from previ- 
ous face-lift surgery (60). 

The most commonly injured nerve is the sensory greater 
auricular nerve because of its intimate association with the 
firm fascia surrounding the sternocleidomastoid muscle 
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(62,63). Another nerve that is often overlooked both in 
the literature and clinically is the lesser occipital nerve. 
Although variable in its innervation pattern, Pantaloni 
found that in more than half of the cases, it innervated the 
superior third of the auricle and the mastoid area. And in 
21% of patients, it innervated the upper two-thirds of the 
ear. Also, rarely (in about 5%) it will innervate the major- 
ity of the ear (64). Often, the skin flap is adherent in the 
area of both nerves and sharp dissection or traction can 
injure the nerve, resulting in permanent sensory deficit of 
the ear and periauricular skin. Meticulous precautions are 
paramount in that region. 


Hematoma 


With a reported incidence as high as 8.5%, hematoma for- 
mation remains the most common and feared complica- 
tion of face-lift surgery (58,60,63). Expanding hematomas 
require immediate reoperation to control the bleeding 
source and to evacuate and drain the newly dissected skin 
flaps. Rapid filling of a suction drain reservoir is a sign of 
bleeding that must be investigated. Fortunately expand- 
ing hematomas are less frequent than small collections. 
Smaller or delayed hematomas can be managed with serial 
needle aspiration and pressure dressings. Patient com- 
plaints of pain, swelling, or firmness of the buccal region 
and ecchymosis, especially if unilateral, necessitate imme- 
diate inspection of the skin flaps. Intraoral inspection 
revealing mucosal ecchymosis often signals a hematoma 
that may be hidden by the external bandage. 

Techniques that seem to reduce the incidence of hema- 
toma formation include careful attention to intraoperative 
hemostasis, closed suction drainage, shorter skin flaps, and 
two-layer or deep plane face-lift technique. Unrecognized 
and improperly treated, hematomas result in skin necrosis, 
infection, prolonged ecchymosis, alopecia, subcutaneous 
nodules and skin puckering, and scar contracture. 

Different factors can help decrease hematoma forma- 
tion in the postoperative period. Some were already dis- 
cussed earlier but are reiterated herein and cannot be 
overemphasized enough. First of all, coordination with 
the anesthesiologist is crucial for a smooth awakening. 
Coughing on the endotracheal tube will directly increase 
the blood pressure and potential bleeding under the flaps. 
Also, adequate blood pressure control both in the oper- 
ating room and the postoperative period, especially in 
patients with a history of increased blood pressure, is par- 
amount. Analgesia and antiemetics help reduce the pain 
and prevent nausea and vomiting, factors that can other- 
wise contribute in elevating the blood pressure. Making 
these medications readily available for the patient in the 
immediate postoperative period is crucial. Some surgeons 
have advocated prescribing these medications to be taken 
regularly rather than on a pro re nata regimen, minimiz- 
ing any potential delays from nursing. Patients are also 
asked to refrain from exercise as this too can augment the 
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Figure 188.24 A: The depressor labii inferioris everts the vermilion border and also moves the 
lower lip downward and laterally. B: The depressor anguli oris moves the lower lip downward and 
laterally. C: The platysma also moves the lip downward and laterally. D: The deformity caused by 
marginal mandibular nerve palsy results primarily from the inaction of the two depressor muscles 


(Adapted from Baker DC, Conley J. Avoiding facial nerve injuries in rhytidectomy. Plast Reconstr 
Surg 1979;64:784.) 


pressure. Compressive dressings, use of drains, and tissue 
sealants are also advocated by many surgeons. 


Incision Problems 


Tension on the suture line and skin flaps is the key danger 
to any face-lift procedure that otherwise may have been exe- 
cuted flawlessly. Careful preparation, incision placement, 
SMAS suspension, and accurate skin flap redraping without 
tension minimize incision complications. Preventing ten- 
sion on skin incisions is the best way to avoid unattractive 
wide scars, skin slough, and hypertrophic scarring. 

Cyanotic changes precede skin necrosis but some- 
times can be reversed by increasing the oxygen tension to 
the skin flap. Often removing a few key sutures is helpful 
in releasing tension. A skin gap may granulate in if skin 
slough occurs, spontaneous demarcation with expect- 
ant management may limit the extent of tissue loss (65). 
Superficial debridement and topical antibiotic ointment 
can clean the wound and begin the process of reepitheli- 
alization. Keeping the wound bed moist and avoiding dry 
and crusted surface have been shown to significantly accel- 
erate reepithelialization. 

Active, hypertrophic scars respond to serial injections 
of triamcinolone at 3- to 4-week intervals. Silastic or sili- 
cone sheeting may also prove useful along with scar mas- 
saging. Direct excision of residual hypertrophic scars or 
widened incisions is delayed until after the inflammatory 
phase, when considerable skin relaxation and healing have 
occurred. In rare exceptions, one could earlier revise a scar 
that has obvious and significant deformity with little hope 
to improvement. 

Prevention of structural deformities such as the satyr 
earlobe or pixie ear, blunted and anteriorly dislocated 
tragus, elevated temporal hairline, and conspicuous inci- 
sions such as suture tracking and posterior hairline step-off 
has already been thoroughly discussed. Chondritis of the 
tragus, external auditory canal, and auricle are reported 
in the literature and may result in structural deformity. 
Suspected chondritis often responds to ciprofloxacin or 
other antipseudomonal and antistaphylococcal antibiot- 
ics. Undesirable creation of a bloody culture media in the 
ear canal can be avoided by occluding the canal before sur- 
gery with an iodine-soaked cotton ball. Also, no sutures 
are placed through tragal cartilage, thereby preventing the 
direct introduction of organisms to the cartilage. 

Other incision problems include ingrown hairs, which 
can establish a nidus of infection and inflammation. 
During each postoperative visit, ingrown hairs are identi- 
fied by magnified inspection of the incision and removed. 
Occasionally, buried permanent sutures used in SMAS 
suspension find their way to the skin surface. Removing 
sutures that have extruded after a long follow-up should 
create no difficulty for the patient. Rarely, persistent hemo- 
siderin deposits are visible beneath the skin and require 
cosmetic cover. 
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Alopecia 


Other than poorly planned incisions, tension seems to be 
the main cause of postoperative alopecia. Some loss may 
be transient and results from temporary surgical stress 
to the hair follicles during the perioperative period. This 
phenomenon, better known as telogen effluvium, affects 
normal hair around the incision sites. These hair follicles 
do not undergo physical transection from the surgical 
knife, and hence, patients should be counseled that hair is 
expected to grow back within 3 months. Many series report 
an incidence ranging from 0.2% to 1.8% (58). 

In contrast, when scars develop, they are usually 
more noticeable because of the permanent alopecia 
that accompanies the scar formation. When that is the 
case, single-follicular unit hair transplantation can be 
achieved. In males specifically, the donor source should 
be from an area of the scalp that is not expected to 
undergo androgenic alopecia with time. This is typically 
the occipital area. However, if one is planning a revision 
face-lift with skin resection, follicles from resected scalp 
in the postauricular area while redraping could be used 
as a potential transplant source, obviating the need for 
a separate occipital incision. The small number of fol- 
licles harvested from that technique might be a limiting 
factor if the coverage needed at the recipient site is sub- 
stantial. It is interesting to note that hair shafts harvested 
from the lateral occipital regions tend to be thinner. That 
often is an advantage when reconstructing the temporal 
hair tuft where shafts are also of a more narrow dimen- 
sion (Fig. 188.25). Other than hair transplantation, one 
could rely on excision of the area of alopecia with tissue 
advancement. Larger areas of alopecia may also require 
tissue expansion with hair flap rearrangement for aes- 
thetic, full-density hair coverage. 


Final Word 


The dictum “above all else, do no harm” is of paramount 
importance in elective aesthetic facial surgery and should 
be heard loudly in every surgeon’s ear while planning and 
performing facial rejuvenation surgery. Functional, perma- 
nent, or disfiguring complications can be particularly dev- 
astating to patients who were not ill but simply wanted to 
look and feel better about themselves. Honesty and integ- 
rity must characterize the relationship between the surgeon 
and patient, and patient education is important to that 
relationship. 

The deep plane techniques have led surgeons to think 
more rigorously about facial anatomy and the goals of 
rhytidectomy. Many of these techniques ultimately may 
be incorporated into standard rhytidectomy practice. Until 
that time, however, continued critical assessment of the 
benefits and risks of these procedures is needed, and cau- 
tion is urged for surgeons contemplating deep dissection 
in the medial face. 
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A: Preoperative photograph of a patient with temporal alopecia secondary 
to scarring. B: Postoperative result following tissue expansion, scalp advancement, excision 
of scars, and two sessions of microfollicular unit hair transplantation. (Reprinted from Kridel 
RWH. Techniques for inconspicuous face lift scars. Arch Facial Plast Surg 2003;5:323-333, with 


permission.) 


The ideal patient for face-lift surgery is aged in the 
mid-40s to mid-50s and in good general health; has 
a strong jawline, chin, and cheekbone; and has a 
high posterior hyoid, a relatively thin neck and face, 
and minimal photoaging of the skin. 

Rhytidectomy mainly corrects ptosis of the jowl and 
blunting of the cervicomental angle. If creases and 
wrinkles of the skin contribute to the aged appear- 
ance, one should consider chemexfoliation or laser 
resurfacing as an adjunct procedure. Periorbital and 
perioral resurfacing can be done safely at the same 
sitting as rhytidectomy. 

The “face-lift” is truly only a cheek and neck lift, and 
often ptosis of other facial regions also contributes 


to the aged appearance. Achieving facial harmony 
between different regions will provide natural non- 
operated results. Thus, blepharoplasty, forehead lift, 
and other rejuvenation surgery should be consid- 
ered at the same sitting as the face-lift. Final face-lift 
results depend on a good, strong bony framework; 
augmentation of the cheekbones, submalar areas, 
and chin also may be necessary. 

To assess whether a patient's expectations are real- 
istic, ensure that improvement and not perfection 
is the mutual goal, that the patient does not expect 
to look exactly as she or he did many years ago, and 
that the patient understands that a face-lift is sur- 
gery, with inherent risks and possible complications. 
Thorough preoperative evaluation of the patient’s 
medical condition is mandatory. Because smoking 


greatly increases the risk of skin slough, smokers 
should be operated upon cautiously. Medical con- 
ditions that predispose to abnormal bleeding (eg., 
coagulopathies, severe hypertension, hepatic or 
renal disease), if not correctable preoperatively, are 
contraindications to rhytidectomy. Coordination 
with the primary care provider is crucial especially 
in patients with comorbidities that need medical 
clearance prior to surgery. 

Incisions must be planned differently for men and 
women. Preserving the anterior hair tuft is key in 
women. In men, a preauricular incision is prefer- 
able, with maintenance of a hair-free border around 
the ear and under the lobule to prevent beard 
hair from annoying the patient postoperatively. 
Furthermore, in males care must be used to preserve 
the hair follicles during subcutaneous dissection, 
avoiding beard alopecia. 

In a SMAS suspension rhytidectomy, the pull should 
be mainly superior, with only a slight posterior 
vector to counter the chronic effects of gravity. All 
tension should be carried by this layer with the skin 
closed under no tension at all. Too much skin ten- 
sion can lead to skin slough, increased telangiecta- 
sias, or a widened scar. Aggressive cutaneous tension 
can also lead to an unnatural appearance. 

The debate between SMAS suspension rhytidectomy 
versus deep plane rhytidectomy on routine patients 
is ongoing. More objective data will be needed to 
evaluate the effect and longevity of both techniques 
on different areas of the face. 

Prominent nasolabial folds are a source of concern 
for patients and surgeons alike, and improvement 
with standard rhytidectomy is limited. Deep plane 
thytidectomy offers some promise as a means of 
improving this area, but the cosmetic benefit has 
not yet been clearly established, and the theoreti- 
cal risk of injury to the facial nerve is greater than 
with standard techniques. Caution is urged for sur- 
geons contemplating deep plane approaches to the 
medial face. 

Theories stressing volume loss and tissue atrophy 
rather than just gravitational changes have shifted 
some surgeons toward facial fillers, facial implants, 
and soft tissue augmentation. These techniques are 
being used alone and in conjunction with tradi- 
tional lifting procedures. However, surgical lifts will 
always have a role in resuspending ptotic tissue. 
Submental liposuction and platysmaplasty have 
enhanced the degree and duration of improvement 
in submental contour over SMAS plication rhytid- 
ectomy alone. These techniques are routinely used 
along with face-lift and can be tailored to the patient 
need and age. 
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m Secondary face-lift surgery is indicated both for 
recurrence of the signs of aging and for correct- 
ing previously obtained results. Planning incision 
placement is often more challenging in these cases. 
Dissection can be more tedious and the risk for 
facial nerve injury higher with SMAS elevation. 

= Hematoma is the most common complication of 
rhytidectomy and is most likely to occur in the first 
24 hours after surgery. Vigilance for symptoms and 
signs of impending problems is mandatory; quality 
nursing care to prevent postoperative hypertension 
is essential. Precise postoperative medications and 
patient adherence to instructions also help to pre- 
vent hematoma formation. Meticulous long-term 
follow-up care will help ensure an optimal result. 
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The Aging Neck 


Edwin Francis Williams 


The typical appearance of the aging neck is caused by a 
constellation of changes associated with both heredity 
and the aging process. Each patient will demonstrate dif- 
ferent anatomic components contributing to the overall 
appearance of an aging neckline. The anatomic factors that 
contribute to an ideal cervical contour include a strong 
chin, a distinct mandibular border, a cervicomental angle 
of 105 to 120 degrees, a visible subhyoid bone depres- 
sion, a gentle indentation at the thyroid notch, and visible 
anterior borders of the sternocleidomastoid muscles (1) 
(Fig. 189.1). Obtaining these ideal contours should be the 
goal of any surgical correction of the aging neck. To achieve 
these goals, however, the surgeon must carefully and sys- 
tematically analyze each patient to determine the anatomic 
abnormalities that need to be addressed. An individualized 
approach ensures that specific deformities are clearly delin- 
eated so a youthful and graceful neckline may be restored. 


The aging process exerts an impact on each anatomic ele- 
ment of the cervical region to varying degrees in each 
patient. Additionally, some patients also display hereditary 
abnormalities contributing to an unfavorable cervical con- 
tour, including a low-positioned hyoid bone, poor chin pro- 
jection, and a congenital collection of submental fat. Each 
element of the contributing anatomy should be identified 
preoperatively and sequentially addressed in the surgical 
correction to provide an optimal aesthetic outcome. The 
anatomic areas to be addressed include skin, fat, platysma 
muscle, chin position, and other unfavorable anatomy (2). 


Skin 


With time, collagen and elastin fibers degenerate so the over- 
lying skin loses its tone and no longer adheres to the soft 
tissue contours of the neck. The skin becomes redundant 


Henry Haipei Chen 


and sags, leading to the development of horizontal cervical 
rhytids and effacement of the cervicomental angle. 


Fat 


Fat deposition in the neck can be congenital or acquired. 
Several anatomic studies have shown that the fat in the 
submental region is found in discrete compartments 
(3,4). These areas include (a) a supraplatysmal (subcuta- 
neous) layer diffusely distributed throughout the cervical 
region, (b) a subplatysmal compartment that overlies the 
mylohyoid muscle, and (c) facial fat from the cheek and 
inferior buccal fat pad contributing to a ptotic jowl and 
loss of the definition of the inferior mandibular border 
(Fig. 189.2). The subplatysmal layer is further divided 
into a central compartment between the anterior bellies 
of the digastric muscles and paired medial and lateral 
compartments. 

Clinically, it is difficult to discern the exact anatomic 
compartment(s) of submental lipodystrophy, especially in 
heavy necks. While the use of ultrasonography can be help- 
ful to delineate the areas of excess fat (5), its use is certainly 
not required as a part of a routine preoperative workup. 


Platysma Muscle 


The platysma is a paired muscle that is innervated by the 
cervical branch of the seventh cranial nerve. It originates 
from the fascia of the pectoralis major and deltoid muscles 
and ascends in the neck to insert on the inferior border 
of the mandible (Fig. 189.3). Laterally, the posterior bor- 
der of the platysma muscle ends in front of the sternoclei- 
domastoid muscle. As the platysma muscle is followed 
superiorly to the mandible, the medial fibers insert into 
the periosteum to stabilize one end of the muscle during 
contraction. The central fibers blend intimately with the 
risorius muscle. The posterior third of the platysma muscle 
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Figure 189.1 The anatomic factors 
that contribute to an ideal cervical 
contour include a strong chin, a dis- 
tinct mandibular border, a cervico- 
mental angle of 90 degrees, a visible 
subhyoid bone depression, a gentle 


Cervicomental = 
angle 


indentation at the thyroid notch, and ¥ 


visible anterior borders of the sterno- 
cleidomastoid muscles. 


sweeps up over the mandible to course anteriorly and fuse 
with the superficial musculoaponeurotic system (SMAS). 
The cervical skin receives part of its blood supply from per- 
forating vessels arising from the platysma muscle. These 
vessels and thick fibrous septa coursing through the sub- 
cutaneous fat anchor the dermis to the superficial cervical 
fascia and platysma muscle. 


1. Platysma m. reflected laterally 
2. Thyroid cartilage 

3. Cricoid cartilage 

4. Submental fat 

5. Fat deep to platysma m. 
superficial to hyoid and digastric m. 
6. Outline of hyoid bone 


1. Platysma m. 

2. Thyroid cartilage 

3. Cricoid cartilage 

4. Submental fat 

5, Outline of hyoid bone 


Figure 189.2 Fat is found both superficial and deep to the 
platysma. 
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Different degrees of decussation in the midline of the 
neck have been documented in anatomic studies, and 
there is also ethnic variability (6,7). The “turkey gobbler” 
deformity is caused by a laxity in the platysma muscle that 
does not decussate in the midline. 

The platysma muscle functions to stabilize the chest 
muscles against the jaw during heavy lifting. It also provides 
a layer over vital structures of the neck. It is a somewhat 
vestigial structure in humans, corresponding phylogeneti- 
cally to the panniculus carnosus muscle that forms a con- 
tinuous subcutaneous layer in lower mammals (8). 

With aging, the platysma muscle becomes atrophic and 
falls toward the midline. First, convexity occurs in the sub- 
mental region; then, as the muscle loses tone, it forms the 
pathognomonic anterior banding of the aged neck. On pro- 
file, the apex of the cervicomental angle is blunted by the 
anterior border of the muscle as it runs diagonally from the 
mandible to the lower neck. Loss of the platysmal muscle 
sling also allows ptosis of the underlying cervical contents. 


Chin Position 


An appropriately projected chin is prerequisite for an opti- 
mal aesthetic cervical contour. A poorly projected chin 
creates an illusion of blunting of the cervicomental angle, 
and aging contour deformities tend to be worse in patients 
with smaller mandibles and chins (9,10). 

Ideally, in a patient with Angle class I occlusion, the 
pogonion (the most anterior projecting point of the chin) 
should touch a line dropped vertically from the vermillion 
border of the lower lip on profile view. It is aesthetically 
acceptable in women if the chin is slightly posterior to this 
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Platysma 


Figure 189.3 The platysma muscle ascends in the neck to blend 
with the SMAS. 


line; however, in men, this line should be tangent to the 
pogonion (11) (Fig. 189.4). The chin contour is determined 
by the shape and position of the mandible as well as the 
overlying soft tissues. A weak chin, or microgenia, is most 
commonly congenital; however, senile absorption of alveo- 
lar bone should also be considered in the older patient. 

Mandibular hypoplasia is an acquired condition sec- 
ondary to varying degrees of bony resorption of the man- 
dible. With aging, specific progressive soft tissue atrophy 
and bone reduction occur in the region between the chin 
and jowl. This resulting groove has been termed the “pre- 
jowl sulcus” (11). Mandibular hypoplasia should not be 
confused with retrognathia. Patients with retrognathia 
demonstrate Angle class II occlusion and are optimally 
treated with a bony advancement technique (e.g., sagit- 
tal-split osteotomy), whereas patients with microgenia or 
mandibular hypoplasia are better treated with alloplastic 
augmentation. 


Unfavorable Anatomy 


The hyoid bone supports the floor of the mouth as it is 
suspended by the digastric, mylohyoid, stylohyoid, and 
tongue musculature. Ideally, it should be at the level of the 
third or fourth cervical vertebrae (12). A more posterior 
and superior hyoid produces a more aesthetic cervical con- 
tour. A hyoid bone that is in a relatively inferior position 
in the neck causes the suprahyoid musculature to course in 
a more vertical direction, blunting the angle between the 
chin and neck (13). With advancing age, gravity may favor 
the drag of the infrahyoid musculature over the suprahyoid 
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Figure 189.4 The anteriormost projection of the chin (pogonion) 
should touch a line dropped vertically from the vermillion border 
of the lower lip on profile view. 


musculature, inducing further descent of the hyoid (12). A 
low hyoid bone position is a major limiting factor in the 
optimal rejuvenation of the cervical region. 

Submandibular gland ptosis is commonly seen with 
aging, which is identified as two bulges at the anterior edge 
of the submandibular triangle. Diagnosis is confirmed by 
palpation of the gland’s cobblestoned surface. The position 
of the glands should be elucidated preoperatively for both 
patient counseling and surgical planning. 

Overdevelopment of the suprahyoid bone musculature, 
especially the digastric muscles, can also lead to fullness of 
the submental region. Identification is facilitated by having 
the patient flex the neck with the mouth closed (2). 


CLASSIFICATION AND EVALUATION 


Numerous classification schemes describing the aging neck 
exist (2,14,15). Dedo’s (14) preoperative classification of 
the neck is the most commonly used. It is a useful tool 
to help delineate the features contributing to a particular 
patient’s pathology and to help guide targeted surgical 
intervention (Fig. 189.5). 

A patient with a class I neck is typically a younger 
patient who has minimal, if any, deformity, which may 
or may not require surgical intervention. A patient with a 
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Figure 189.5 Dedo classification of cervical abnormalities: A: Class | deformity describes only 
minimal cosmetic deformity. B: Class Il deformity describes only skin laxity. C: Class III deformity 
refers to the excessive submandibular and submental adipose. D: Class IV deformity refers to ante- 
rior banding of the platysma. E: Class V deformity describes the condition of microgenia or retrog- 
nathia. F: Class VI deformity describes a low-positioned hyoid bone. 


class I neck should ideally wait until more of an aesthetic 
problem develops, because any intervention at this time is 
essentially prophylactic. 

The class II patient has skin laxity only, without signifi- 
cant fat or muscle pathology. The class includes the “turkey 
gobbler” deformity often seen in elderly males. 

A class III deformity is caused by excessive cervical lipo- 
sis. Excess adipose can accumulate in the supra- or subpla- 
tysmal layer. Both contribute to jowling. 

The class IV patient has a pathologic platysma muscle 
either in repose or on voluntary contraction. This is usually 
diagnosed in the thin neck as anterior platysmal banding; 
however, in patients with submental adiposity or redun- 
dant anterior cervical skin, it is often not readily apparent 
that the platysma muscle is contributing to the deformity. 
In fact, the full neck does not evidence platysmal band- 
ing, even with aging (3). In this case, diagnosis is facili- 
tated by having the patient grimace with the teeth clenched 
to delineate the medial and lateral borders of the muscle 
(Fig. 189.6). 

The class V patient has a weak mandibular projec- 
tion from congenital or acquired causes. Although the 
terms retrognathia and microgenia have been used inter- 
changeably in the scientific literature, each word denotes 
a different condition. The term microgenia, referring to 
an underprojected chin, independent of occlusal consid- 
eration, is more appropriate to describe most of these 
patients. Retrognathia, on the other hand, refers to Angle 
class H occlusion in which the hypoplastic and retruded 
mandible leads to an overbite and dental malocclusion. It 


Figure 189.6 The medial and lateral borders of the platysma 
muscle can be better delineated by having the patient grimace 
with the teeth clenched. 
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is important to note that prominence of the chin confers 
strength to the jaw-neck contour and makes the tran- 
sition between facial and cervical aesthetic units more 
pronounced, thus giving the illusion of a more acute cervi- 
comental angle (12). 

Patients with a class VI neck have an inferiorly posi- 
tioned hyoid bone that creates an obtuse cervicomental 
angle. Diagnosis is made by palpating the hyoid bone and 
evaluating its relationship to the mandible and clavicles. 
As stated earlier, the hyoid bone should ideally reside at 
the level of the third or fourth cervical vertebra. A low-posi- 
tioned hyoid bone is a major limiting factor in optimal 
aesthetic correction of the aging neck unless more aggres- 
sive surgical treatment is undertaken. 


TREATMENT 


After careful analysis of each anatomic factor contributing 
to the individual patient’s deformity, a targeted surgical 
treatment plan can be instituted (Table 189.1). It should be 
noted that a weak chin can be a compounding factor in any 
of the classification groups. In addition to treating the soft 
tissue abnormalities, an alloplastic chin implant should be 
strongly considered in any patient with evidence of micro- 
genia. Again, in patients with significant retrognathia, chin 


TABLE 


TARGETED SURGICAL 


oT Je 189 TREATMENT PLAN 


Modified Dedo’s 


Classification Treatment Options 


Class | (minimal deformity) No surgical intervention 
"S lift” 
+ Chin augmentation 
Class Il (laxity of cervical Rhytidectomy 


skin) 
Class III (excess fat) 


+ Chin augmentation 
Cervical liposuction 
+ Anterior platysmaplasty 
+ Rhytidectomy (for skin laxity) 
+ Chin augmentation 
Rhytidectomy (with anterior 
platysmaplasty) 
+ Cervical liposuction 
+ Chin augmentation 
Chin augmentation (microgenia) 
Bony osteotomy and 
advancement (retrognathia) 
Class VI (low hyoid or ¢ Treat soft tissue abnormalities 
other unfavorable with standard techniques (with 
anatomy) realistic expectations) 
e + Division of suprahyoid 
musculature from mandible 
e + Suturing of anterior digastric 
muscles together 
e + Partial excision of anterior 
digastric muscles 
e + Chin augmentation 


Class IV (platysmal banding) 


Class V (microgenia 
or retrognathia) 
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The "S" Lift 


additional extension of incision 
3) to address a more prominent 
standing-cone deformity 


il 


extension of incision 
to address a standing-cone 
deformity 


(1) Standard “S" Lift Incision 


ey 


Figure 189.7 The configuration of the incision resembles an 
S shape. The abbreviated length is suitable for younger patients 
who do not have significant skin redundancy but only some incipi- 
ent jowling. To address a standing-cone (“dog-ear”) deformity that 
may arise, the anterior skin incision can be extended up to (or all 
the way around) the temporal tuft, as needed. 


augmentation alone may not give optimal aesthetic results, 
and bony advancement techniques should be considered. 
In young patients with minimal deformity (class I), the 
most prudent course of action would be simply to wait 
before any surgical intervention is offered. In the patient 
with good skin and muscle tone, a simple weight loss pro- 
gram could be sufficient (8). The improvement gained by 
surgical intervention at this time would be minimal; how- 
ever, intervention may delay soft tissue ptosis from devel- 
oping as quickly. In the fastidious patient with realistic 
expectations, a limited rhytidectomy (S lift) can be con- 
sidered (Fig. 189.7). An incision that extends only under 
the ear lobule in a lazy-S configuration is made, allowing 
a limited SMAS suspension and excision of skin without 
committing the patient to a standard rhytidectomy (16). 
In patients with redundant skin of the cervical region 
(class II), a standard cervicofacial rhytidectomy is generally 
considered the treatment of choice. To remove excess skin 
and to efface jowling along the inferior mandibular bor- 
der, a SMAS imbrication technique is used to provide long- 
lasting improvement of the contour of the lower one-third 
of the face and neck. A special note should be made for the 
“turkey gobbler” deformity, which is commonly seen in 
men. Multiple techniques have been described to remove 
the excess skin that often occurs in isolation (12,17). The 
midline scars that result from these procedures are well 
hidden in the thick, hair-bearing submental skin of men. 
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In patients demonstrating isolated fat accumulation 
(class II), cervical liposuction is the procedure of choice. 
In the younger patient with good skin elasticity and no 
platysmal pathology, liposuction can be performed as an 
isolated procedure. The mild dermal injury inflicted by the 
liposuction cannula promotes contraction of the overlying 
skin, thus obviating the need for skin excision in patients 
with good skin elasticity. Recent reports have suggested that 
other liposuction techniques (e.g., tumescent, liposhaving, 
ultrasound assisted) are superior to traditional liposuction. 
The tumescent technique, which has been applied with 
success for body liposuction, is less than ideal for the cer- 
vicofacial region because the distortion engendered renders 
assessment difficult, and the persistent edema that arises is 
an unwarranted drawback. The risk of third space volume 
shifts further compounds the problem with the tumescent 
method. Although safety and efficacy of treatment with the 
liposhaver has been documented in a multi-institutional 
review (18), the device's ability to cut through muscle and 
other soft tissue (including blood vessels and nerves) creates 
the potential for significant complications. The ultrasound 
method suffers from the attendant risk of increased thermal 
injury (if internally applied) and neural and cutaneous flap 
injury. These adverse outcomes are not definitively estab- 
lished because no controlled studies exist, but they remain 
of concern nevertheless. In essence, these additional tech- 
nologies have not proved themselves more useful or benefi- 
cial than traditional liposuction, even in experienced hands. 

The early fourth decade appears to be a transition time 
when skin elasticity decreases and liposuction alone can 
result in less than optimal results. Liposuction performed 
in isolation in a patient with poor skin elasticity and a 
large accumulation of fat can lead to poor redraping and 
contraction of the anterior cervical skin, causing postoper- 
ative “rippling” and other deformities (13). These patients 
are typically better candidates for rhytidectomy in conjunc- 
tion with submental liposuction and anterior platysma- 
plasty (see “Surgical Technique: Submentoplasty”). The 
combination of suction lipectomy and rhytidectomy can 
also predispose the patient to the development of postop- 
erative platysmal banding, even if anterior platysmal band- 
ing is not clinically evident preoperatively (3,13). Anterior 
platysmaplasty, therefore, is suggested when performing 
liposuction and rhytidectomy concurrently to avoid the 
untoward sequela of postoperative platysmal banding. 

Class IV patients are those with platysmal abnormali- 
ties (e.g., muscle ptosis, atrophy, and midline banding). 
These patients are best served with a rhytidectomy and 
anterior platysmaplasty. The combination of SMAS sus- 
pension rhytidectomy and anterior platysmaplasty creates 
a “cervical corset” to support the underlying soft tissues. 
Additionally, if excess fat is also apparent, liposuction can 
be performed in conjunction with the above procedures. 

Class V patients are those with microgenia or retrog- 
nathia. As above, a weak chin may be seen in conjunc- 
tion with other soft tissue abnormalities and should be 


treated appropriately after determining the occlusal status. 
Retrognathia is typically corrected with mandibular oste- 
otomies and bony advancement, whereas microgenia is 
corrected with alloplastic chin augmentation. It should be 
noted, however, that it is acceptable in certain patients with 
mild retrognathia to perform chin augmentation instead 
of pursuing the more aggressive treatment with bony 
advancement. By evaluating the patient’s occlusion and 
distinguishing between true retrognathia and microgenia, 
the appropriate treatment can be offered to the patient to 
optimize the aesthetic outcome. 

Class VI patients are those with a low-positioned hyoid 
bone or other unfavorable anatomy such as anterior digas- 
tric muscle hypertrophy and submandibular gland ptosis. 
Preoperatively, these patients should understand the limi- 
tations of their particular anatomy so they have a realistic 
expectation of the outcome. They should be treated appro- 
priately with standard methods; however, more aggressive 
techniques may be considered to optimize the aesthetic 
outcome. 

Maneuvers to reposition the hyoid include transecting 
the suprahyoid musculature from the inferior border of the 
mandible (19) as well as suturing the anterior bellies of 
the digastric muscles together to create a new vector of pull 
(9). To treat digastric muscle hypertrophy, tangential shav- 
ing of the anterior bellies of the digastric muscles can also 
be performed (9). 

Ptotic submandibular glands, which are commonly 
seen in elderly patients, represent a limitation to optimal 
aesthetic outcome. Surgical removal or reduction is cer- 
tainly beyond the scope of aesthetic surgery; however, by 
creating a well-supported “cervical corset” with SMAS sus- 
pension and anterior platysmaplasty, the ptotic glands will 
be elevated to a more favorable position. 


Surgical Technique: Submentoplasty 
(Submental Liposuction and Anterior 
Platysmaplasty) 


In the senior author's hands, the submentoplasty (16) is 
performed at the outset before a rhytidectomy because the 
medial borders of the platysma muscle are difficult to unite 
after the lateral pull of the rhytidectomy has been com- 
pleted. Similarly, submental liposuction precedes platysma- 
plasty because the removal of adipose and the concomitant 
undermining permit visualization of the skeletonized pla- 
tysma. Chin augmentation follows the submentoplasty and 
precedes the rhytidectomy because the submentoplasty 
incision is used as a point of entry for chin implantation. 
Further, vigorous submentoplasty can disturb the position 
of the implant if done after chin augmentation. 

The submentoplasty begins with a straight incision 
about 1 to 2 mm posterior to the submental crease that 
extends typically 2 cm in breadth (Fig. 189.8). The inci- 
sion should fall slightly posterior to the submental crease 
because placement of the incision directly in the crease will 
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Figure 189.8 The submental incision is placed just behind (1 to 
2 mm) the submental crease. If chin augmentation is to be per- 
formed, the incision should be placed even further posteriorly (4 to 
5 mm behind the crease) to prevent a conspicuous postoperative 
scar. 


deepen over time so that the line may become conspicu- 
ous. Additionally, if chin augmentation is to be performed, 
the incision should be placed even further posteriorly 
(4 to 5 mm) from the submental crease. This is necessary 
because following placement of the chin alloplast, the 
anterior portion of the incision has a tendency to move 
cephalically, potentially creating a visible incision near the 
inferior edge of the mandible. 

After the initial incision through the skin, wide double- 
hooked retractors are placed in the superior and inferior 
aspects of the wound for proper tension and retraction. 
The assistant retracts the superior flap while the surgeon 
retracts the inferior flap. The surgeon then performs wide 
undermining of the flap from just inferior to the jawline 
(1 to 2 cm below) across the submental region to the con- 
tralateral jawline using a pair of Metzenbaum scissors in 
the subcutaneous plane (Fig. 189.9). Dissection should not 
pass directly over the jawline to minimize risk of injury to 
the marginal mandibular nerve. Although the nerve should 
be protected under the platysma muscle in most cases, an 
attenuated or dehiscent platysma layer may predispose the 
nerve to inadvertent harm. The depth of dissection should 
leave approximately a 3- to 4-mm-thick skin-subcutaneous 
flap to avoid an uneven contour that may develop after lipo- 
suction and to ensure vascularity to the overlying skin flap. 
The lateral extent of the undermining should be to the ante- 
rior borders of the sternocleidomastoid muscle bilaterally. 
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Figure 189.9 Wide undermining of the flap is performed from 
just inferior to the jaw line (1 to 2 cm below) across the submental 
region to the contralateral jaw line using a pair of Metzenbaum 
scissors in the subcutaneous plane. 


After the submental region has been widely undermined, 
a liposuction cannula can be introduced with the aperture 
always facing deep, away from the flap, to avoid the devel- 
opment of an irregular skin contour from suctioning the 
overlying flap. Furthermore, the vascular supply of the flap 
emanates from its deep surface, and liposuction under 
the flap can lead to vascular compromise. The liposuction 
canister pressure should be set at 29 mm Hg before initi- 
ating the procedure. The surgeon should ensure that the 
instrument is evenly passed over the entire expanse of the 
undermined submental region, with perhaps additional 
treatment centrally where a greater adipose deposit may be 
observed (Fig. 189.10). 

Following liposuction, subplatysmal lipectomy and 
platysmaplasty are performed. With headlight illumina- 
tion and a Converse retractor, the surgeon should prop- 
erly visualize the medial terminal fibers of the platysma 
muscle. If the platysma muscle continues to be obscured by 


Figure 189.10 The liposuction cannula should be evenly passed 
over the entire expanse of the undermined submental region. 
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overlying adipose despite liposuction, a selective lipectomy 
is performed with scissor dissection. A narrow strip along 
the medial borders of the platysma is often removed sharply 
to aid in exposing the subplatysmal fat layer. This step is 
not performed if the platysma is determined to be mini- 
mally redundant and the consequent tension of closure 
would be too great with additional platysmal resection. If 
the platysma borders appear widely separated, sufficient 
undermining is performed to facilitate a relaxed closure. 
Lipectomy limited to the central subplatysmal compart- 
ment is then performed. The anterior digastrics serve as 
the lateral limit of the dissection. While more aggressive 
lipectomy may maximize aesthetic outcome, it increases 
both the likelihood of poorly controlled and visualized 
hemorrhage and the risk of injury to the marginal man- 
dibular branch of the facial nerve. Additionally, a “cobra 
deformity” may result from overaggressive fat resection. 

Before the platysma muscle can be approximated, the 
inferior extent of the platysmal closure should be identi- 
fied (the cervicomental angle, typically located at the thy- 
roid notch). After the platysma borders have been properly 
exposed and dissected, the anterior free edges are reap- 
proximated with 4-0 polydioxanone, or equivalent, suture 
in a running, nonlocking fashion (Fig. 189.11). The suture 
should not be tied very tightly to avoid the complication 
of a bunched appearance in this area after resolution of 
edema. To reiterate, the suture should be started at the level 
of the thyroid notch and proceed in a superior direction. If 
a chin implant is not planned, then the submental incision 
is closed with a 6-0 running, locking polypropylene suture 
(Fig. 189.12). 


olydioxanone 
Suture 


Figure 189.11 After exposure of the anterior platysmal borders, 
the free edges are approximated with 4-0 polydioxanone suture 
in a running, nonlocking fashion. The suture should be started 
approximately at the thyroid notch or cervicomental angle, 
immediately superior to the platysmal back-cuts. 
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A,B: The pre- and postoperative photographs of a patient who had cervical lipo- 
suction—submentoplasty and SMAS imbrication rhytidectomy demonstrate effacement of the jowls 
and creation of a cervicomental angle of 90 degrees. 


Early Complications 


Early complications following submental liposuction and 
anterior platysmaplasty include hematoma, seroma, sialo- 
cele, infection, contour irregularity, and injury to the mar- 
ginal mandibular branch of the facial nerve. Hematoma, 
seroma, or sialocele is seen in less than 1% of patients 
when liposuction is used as a primary procedure (20). 
Sialocele is more commonly seen when liposuction is per- 
formed over the parotid gland bed in association with a 
rhytidectomy. Treatment for a sialocele includes pressure 
dressings, anticholinergics, and repeat aspiration or drain- 
age. A seroma is a collection of serous fluid that occurs in 
the submental region. They are best treated with needle 
aspiration and placement of a pressure dressing to prevent 
reaccumulation. 

A large expanding hematoma is an emergency, and 
the patient should be returned to the operating room for 
wound exploration, irrigation, and control of all bleeding 
sites. Smaller hematomas can be managed in the office 
setting. A limited hematoma discovered on the first post- 
operative day can be treated by direct aspiration with an 


18-gauge needle or by using a gauze sponge to roll out the 
blood through a small stab incision over the area of con- 
cern. A discrete collection discovered somewhat later may 
require 7 to 10 days to liquefy before it can be aspirated. 
Persistence of a hematoma predisposes the patient to infec- 
tion and skin flap necrosis. Because blood is an excellent 
culture medium, all patients with a hematoma should be 
placed on prophylactic antibiotics. 

Ideally, the best treatment for a hematoma is preven- 
tion. In the preoperative phase, the patient's blood pressure 
should be well controlled. All preoperative medications that 
could compromise effective coagulation must be ceased 
for a period of 2 weeks pre- and 2 weeks postoperatively, 
including prescription medications (e.g., warfarin), over- 
the-counter medications (e.g., aspirin, ibuprofen), herbal 
medications (e.g., St. John’s wort, ginkgo biloba), supple- 
ments (e.g., vitamin E, fish oil, omega-3 fatty acids), and 
alcohol. In all circumstances, a male patient requires the 
surgeon to be at an increased level of attention, given the 
richer vascularity that the hair-bearing skin of the lower face 
exhibits and the concomitant risk of hematoma formation. 

Infections are rare, occurring in less than 1% of patients 
(20). Most surgeons, however, elect to put their patients on 
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a prophylactic antibiotic regimen despite the lack of scien- 
tific evidence to support their use. An alloplastic implant 
(e.g., chin implant) can be a source for infection. If an 
abscess develops at the site of implantation, it is almost 
assured that the implant will require removal. Removal of 
the implant with reinsertion later when the infection has 
subsided is the best treatment policy. At the first sign of an 
infection, a dose of intravenous antibiotics is administered 
to ensure immediate, proper therapeutic levels, followed 
by a full regimen of broad-spectrum oral antibiotics until 
the infection clears. 

Early contour irregularities following cervical liposuc- 
tion are the rule rather than the exception. Most resolve as 
healing progresses and edema lessens. Patients should be 
reassured during the first several weeks postoperatively that 
irregularities generally smooth out over time. 

Permanent injury to the marginal mandibular branch 
of the facial nerve is rare, as long as the surgeon remains 
superficial to the platysma muscle. Temporary paresis 
can occur with aggressive liposuction in a patient with an 
attenuated, thin platysma muscle, which typically resolves 
within 6 months. 


Late Complications 


Late complications include scarring, platysmal banding, 
and irregular neck contour. Hypertrophic or wide scars 
are rarely seen in the submental incision, but are more 
commonly seen with rhytidectomy incisions second- 
ary to excessive tension on the skin closure. Additionally, 
patients with Fitzpatrick V or VI skin types are more sus- 
ceptible to the development of hypertrophic scars and 
keloids. Management should include injection of the scars 
with triamcinolone (10 mg/mL) at 3- to 4-week intervals 
until improvement is noted. More frequent injections 
carry the risk of dermal atrophy and hypopigmentation. 
Additionally, the pulsed dye laser has been shown to be a 
useful adjunct (16). If the scar persists despite these mea- 
sures, scar revision may be considered after a 12-month 
interval. 

Platysmal banding, which can occur postoperatively, 
is most commonly due to unrecognized, and therefore 
untreated, preoperative platysmal banding. This is most 
commonly seen in patients with submental obesity and 
redundant skin (21). To avoid the complication, preop- 
erative recognition is essential. Platysmal banding can be 
treated primarily, or secondarily, with anterior platysma- 
plasty. 

An irregular neck contour can result from direct, sharp 
lipectomy, or from an uneven liposuction technique. 
Especially in the immediate submental region, overzealous 
excision of fat can produce a central concavity. A “cobra 
deformity” describes the situation in which a patient has a 
central submental concavity from overzealous fat removal 
in combination with prominent platysmal bands, resem- 
bling a cobra about to strike. This deformity is even more 
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pronounced when the anterior borders of the platysma 
muscle are not united following central lipectomy. 
Irregularities can be prevented by widely undermining 
the cervical skin with a 3- to 4-mm layer of fat remaining 
attached to the overlying dermis and by gauging the thick- 
ness of this layer with bimanual palpation during lipo- 
suction. Additionally, to avoid further irregularities, the 
surgeon must make sure the aperture of the liposuction 
cannula is always facing away from the dermis. 

Even in the best of hands, neck irregularities still occur. 
If necessary, small localized depressions can be treated 
with a soft tissue filler (e.g., autologous fat); however, large 
depressions may require placement of dermal graft mate- 
rials (e.g., cadaveric acellular dermis) for correction (20). 
Again, prevention is the best treatment. 


m= The anatomic factors that contribute to an ideal 
cervical contour include a strong chin, a distinct 
mandibular border, a cervicomental angle of 105 to 
120 degrees, a visible subhyoid bone depression, 
a gentle indentation at the thyroid notch, and 
visible anterior borders of the sternocleidomastoid 
muscles. 

= Several anatomic elements contribute to the appear- 
ance of an aging neck, including skin, fat, platysma 
muscle, chin projection, and hyoid bone position. 

= Each anatomic element contributing to the deformity 
should be delineated preoperatively and sequentially 
addressed to provide an optimal aesthetic outcome. 

= A classification system can be used to categorize 
patients and to target treatment to their specific 
needs (Table 189.1). 

m The rhytidectomy and submentoplasty procedures 
are the cornerstones of treating the aging neck. 

= Early complications of surgery on the aging neck 
include hematoma, seroma, sialocele, infection, 
contour irregularity, and injury to the marginal man- 
dibular branch of the facial nerve. 

m Late complications include scarring, 
banding, and irregular neck contour. 


platysmal 
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Otoplasty: Anatomy, 
Embryology, and 


Technique 


Nathan Todd Nelson Schreiber 


Steven Ross Mobley 


In addition to its function in directing sound to the 
tympanic membrane, the ear plays a complementary role 
in one’s appearance. If abnormal in appearance, however, 
the ear can command unwanted attention, drawing an 
observer's eyes away from the rest of the face. Classically, 
auricular anomalies have resulted in significant social 
stigma. In a criminology text from 1876, author Cesare 
Lombroso wrote, “nearly all criminals have jug ears” (1); 
a number of overtly discriminatory texts from this period 
contain overtly belittling references to prominent ears as 
well (2). Although such beliefs are, for the most part, not 
consciously encouraged today, they persist in more subtle 
forms. In popular culture, large ears are often exaggerated 
in jest for cartoons and caricatures. For children espe- 
cially, prominent or malformed ears may be the subject 
of ridicule, possibly affecting self-esteem and psychoso- 
cial development. It is for this reason that surgical correc- 
tion of the anomalous ear is often sought. 

The goal of otoplasty is to create a more natural 
appearance and position of the ear. Its origins can be 
traced back to India in 800 bc, when reconstruction of 
the lobule using a local cheek flap was first described by 
Indian surgeon Sushruta (3). Reconstruction of larger ear 
defects using postauricular scalp flaps was not described 
until centuries later in textbooks, by Italian surgeon 
Gaspare Tagliacozzi in 1597, and again by Prussian sur- 
geon Johann Friedrich Dieffenbach in 1845 (4-6). The 
first truly cosmetic otoplasty, however, was performed in 
1881, by American surgeon Edward Ely, on a 12-year-old 
boy who was ridiculed for having a prominent ear (7,8). 
In the ensuing years, multiple variations of this opera- 
tion have been described and provide a number of tech- 
niques that may be used to create a more anatomically 
natural-appearing ear. Given the multitude of techniques, 
one must understand normal auricular anatomy as well 
as the goals of surgery in order to successfully perform 
otoplasty. 
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The auricle is essentially an extension of fibroelastic car- 
tilage from the external auditory canal that is covered by 
perichondrium and a thin layer of skin. The skin is directly 
adherent to perichondrium anteriorly but is separated 
from perichondrium by loose areolar tissue posteriorly. 
Cartilage is deficient at the lobule as well as between the 
tragus and the beginning of the helix anteriorly. Projections 
of cartilage from the anterior and inferior ends of the helix 
are called the spina helicis and the cauda helicis, respec- 
tively. Attached to portions of the cartilage itself are six 
internal auricular muscles: the helicis major, helicis minor, 
tragicus, and antitragicus along the lateral side of the carti- 
lage and the transversus auriculae and obliquus auriculae 
along the medial side of the cartilage. Three external auric- 
ular muscles, anterior, superior, and posterior, provide 
additional fixation to the temporal bone and, through the 
facial nerve, the ability to move one’s ear. Auricular sensa- 
tion is provided by multiple nerves. C2 and C3 through the 
greater auricular nerve provide sensation posteriorly at the 
helix, antihelix, and lobule. Cranial nerves IX and X pro- 
vide sensation to the conchal bowl and posterior external 
auditory canal. The auriculotemporal branch of the man- 
dibular division of the fifth cranial nerve provides sensa- 
tion to the tragus, superior helix, and superior and anterior 
external auditory canal. The superficial temporal, posterior 
auricular, and occipital branches of the external carotid 
artery provide the auricle’s arterial supply, while the super- 
ficial temporal vein, retromandibular vein, external jugular 
vein, and, in some cases, the mastoid emissary vein pro- 
vide venous drainage. Lymphatic drainage occurs through 
the parotid, posterior auricular, and cervical levels 2 and 
5 lymph nodes (9). The normal anatomy of the auricle is 
shown in Figure 190.1. 

The external ear develops from six swellings called hill- 
ocks of His, which are present at 6 weeks’ gestation. The first 
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three hillocks of His develop from the first branchial arch 
into the tragus, helical crus, and helix, while the second 
three hillocks of His develop from the second branchial 
arch into the antihelix, antitragus, and lobule (Fig. 190.2). 
The hillocks of His are fused by 12 weeks’ gestation and 
reach a final shape around 20 weeks’ gestation (9,10). 

The ear generally reaches 85% of its ultimate vertical 
height, 5 cm, by 3 years of age and is nearly full size, 6 cm, 
by 5 years of age. From this point on, the helix will grow 
relatively little, while the lobule will grow to a much greater 


A. 6 weeks gestation 


B. Late fetus 
| (12 weeks gestation) 


Newborn 


Figure 190.2 Normal ear development from the hillocks of His. 
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Figure 190.1 A: Normal external auricular 
anatomy. 1, Helix; 2, scaphoid fossa; 3, anti- 
helix; 4, auricular (Darwin) tubercle; 5, trian- 
gular fossa; 6, crus helicis; 7, cymba concha; 
8, cavum concha; 9, external auditory meatus; 
10, tragus; 11, antitragus; 12, lobule. B: Normal 
external and internal auricular musculature. 
1, Auricularis superior; 2, helix; 3, obliquus au- 
riculae; 4, antihelix; 5, transversus auriculae; 
6, auricularis posterior; 7, antitragicus; 8, cauda 
helicis; 9, tragicus; 10, helicis minor; 11, spina 
helicis; 12, helicis major; 13, auricularis ante- 
rior; 14, concha. 


degree, disproportionately lengthening with advancing age 
(9,11). In general, men have a slightly larger pinna and 
greater distance from the lateral orbital rim to helical root 
than do women, these distances are usually equal for each 
individual and on average measure 6 cm. Ear width, on the 
other hand, is usually just over half its height. Ear protru- 
sion can be measured by either its distance from or angle 
to the scalp. The average distance from the helical rim to 
the scalp is 1.5 to 2 cm while the average auriculocephalic 
angle is 20 to 35 degrees (Fig. 190.3) (12,13). 


20°-35° 


Figure 190.3 Normal ear dimensions. 
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AURICULAR ANOMALIES 


Etiology and Classification 


Auricular anomalies occur in approximately 5% of the 
population, either in isolation or as part of a syndrome 
(14). Most auricular anomalies are sporadic, but some are 
hereditary. Their etiologies include genetic mutations, in 
utero insults from exogenous factors, compression from 
external forces, and abnormal intrinsic ear musculature. 
There is a wide range of degree to which these anomalies 
can occur, and there are a number of classification systems, 
based on extent of anomaly and extent of surgical inter- 
vention, that have been devised to group them. Many of 
the early classification systems were combined by Weerda 
in 1988, dividing anomalies into first-, second-, and third- 
degree dysplasia (Table 190.1) (15). In 1997, Tan et al. 
proposed an even more simplified system that takes ear 
molding techniques into account and divides anomalies 
into two groups: deformational auricular anomalies and 
malformational auricular anomalies. Deformations result 
from external forces that cause abnormal architecture 
of tissue that is otherwise normal, while malformations 
result from abnormal tissue development that leads to 
abnormal architecture. Deformational auricular anoma- 
lies can be manually reduced to create a nearly normal 
appearance and can be treated early on with ear molding 
techniques or later with surgery. Malformational auricu- 
lar anomalies, on the other hand, cannot be manually 
reduced to a normal appearance. These anomalies require 
surgery but can, in some cases, be partially treated with 
ear molding techniques if they also contain deformational 
components (16,17). In general, these classification sys- 
tems are useful in clinical evaluation and determining the 
types of intervention that will be most helpful. However, 
it is important to keep in mind that auricular anomalies 


AURICULAR DYSPLASIA 


TABLE 
190.1 CLASSIFICATION SYSTEM 
i BY WEERDA 
Anatomic Surgical 
Definition Definition 


First-degree 
dysplasia 


Second-degree 
dysplasia 


Third-degree 
dysplasia 


Most structures of the 
normal auricle are 
recognizable 

Minor deformities 

Some structures of 
the normal auricle 
are recognizable 

Moderate deformities 

None of the structures 
of the normal ear 
are recognizable 

Severe deformities 


Reconstruction does 
not require the use 
of additional skin 
or cartilage 

Partial reconstruction 
requires the use of 
additional skin and 
cartilage 

Total reconstruction 
requires the use of 
additional skin and 
large amounts of 
cartilage 
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do not always fit cleanly within a single category and a 
number of treatment options should be considered in 
every case. 


Deformations 


Stahl Ear 

Stahl ear, alternatively known as Satyr ear, Spock ear, and 
Vulcan ear, is a first-degree or deformational auricular anom- 
aly characterized by an abnormal transverse crus from the anti- 
helix to the posterior superior helical rim and, often times, an 
absent superior crus (Fig. 190.4). It may be caused by external 
forces in utero or perhaps an abnormal course of the trans- 
versus auriculae, one of the intrinsic muscles of the ear (18). 
Stahl ear can be treated with molding techniques, suturing 
techniques, or excision of abnormal cartilage (19,20). 


Cryptotia 

Cryptotia, a term that means hidden or pocket ear, is a 
condition in which the superior helical cartilage is buried 
under the skin (Fig. 190.4). This deformity is thought to be 
caused by an abnormal attachment of the superior auricu- 
lar muscle to the scapha rather than to the triangular fossa 
as well as a shortened transversus auriculae, effectively pull- 
ing the superior helix under the skin during development. 
This condition can be treated with molding or by releas- 
ing the superior helix from the scalp with skin grafting, 
advancing the resulting postauricular defect, performing a 
Z-plasty, or performing a trefoil flap, a flap consisting of 
three symmetric triangles based at the superior auricle that 
is used to cover the posterior cartilage upon release (21,22). 


Prominent Ear 

The prominent ear is a type of deformational auricular 
anomaly characterized by an absent antihelical fold and 
deep conchal bowl (Fig. 190.4). These deformities increase 
the auriculocephalic angle and the distance from the scalp 
to the helix. In addition, the prominent ear will often dem- 
onstrate a number of secondary findings, including a large 
helical root, excessive lobule projection, and inadequate 
helical curl. This condition has been associated with an 
abnormally distal insertion of the antitragicus muscle that 
extends along the anterior surface of the ear from the anti- 
tragus to the antihelix, pulling the helix laterally during 
development (23). Ear molding techniques may be suc- 
cessful early in life but, unlike with certain other ear defor- 
mities, often fail to adequately treat this condition if older 
than 3 months (16,24). This failure may be related to resis- 
tance created by the antitragicus muscle. In many cases, 
surgical intervention is required for definitive treatment. 


Malformations 


Constricted Ear 
Constricted ears are characterized by partial absence of car- 
tilage at the upper third of the helical rim and sometimes 
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the concha, resulting in a purse-string effect at the helix 
(Fig. 190.4). This type of malformation can be classified 
as either first- or second-degree dysplasia depending on its 
severity. Constricted ears will demonstrate a combination 
of helical lidding, protrusion, low position, and decreased 
size. This category is variably labeled as cup, lop, and cock- 
leshell ear, among other names, in various sources. This 
malformation can be found in a number of inherited syn- 
dromes but is usually sporadic when isolated. 
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The findings in constricted ears can be divided into 
three groups based on severity and the treatment that is 
needed for correction. Mild constriction involves the helix 
only and can often be corrected with molding techniques 
as a neonate or later with an otoplasty technique similar to 
that used for prominent ears. Moderate constriction and 
severe constriction, however, are defined by hypoplasia of 
both the helix and scapha and require surgical interven- 
tion. Moderate constriction often requires a V-Y helical 


ie) 


D 


Figure 190.4 A: Stahl ear. B: Cryptotia. C: Prominent ear. D: Constricted ear. 
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root advancement as well as conchal or sometimes rib 
cartilage grafting (25). Severe constriction requires subto- 
tal auricular reconstruction with rib cartilage grafting and 
postauricular skin recruitment (26,27). 


Microtia 

Microtia is hypoplasia of a majority of the pinna, while 
anotia is the complete absence of the pinna (Fig. 190.4). 
These malformations may or may not spare the external 
auditory canal and are types of third-degree dysplasia. 
Total auricular reconstruction for microtia and anotia is 
not addressed in this chapter. 


Psychosocial Issues 


There have been a handful of studies and anecdotal obser- 
vations regarding the psychosocial impact of various 
facial anomalies. The majority of these studies, however, 
concem children with significant craniofacial malforma- 
tions. One study that did examine children with isolated 
ear anomalies noted a 40% incidence of ear anomaly in 
children who were residents of the Mental Health Center 
of Norfolk, the majority of which were noted to have had 
adjustment reactions in childhood or adolescence (12). It 
is important to note, however, that no evidence of causa- 
tion could be determined. A more recent study by Sheerin 
et al. compares children with prominent ears to children 
with facial port-wine stains and suggests that self-esteem, 
social, and attention problems may be even more severe in 
the group with prominent ears. Although the groups were 
small, the study’s authors believe this difference could in 
part be due to decreased familial support and recognition 
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F 
Figure 190.4 (Continued) E: Microtia. F: Anotia. 


of deformity in those with prominent ears, who may be 
thought of as having an exaggeration of the normal rather 
than a true deformity. Regardless of the reason for this dif- 
ference, this study suggests that children who are bothered 
by their ears are much more likely to have psychosocial 
problems (28). Further studies may help to determine if 
otoplasty can help to improve psychosocial adjustment in 
this population. 


PATIENT SELECTION 


Initial Evaluation 


There are several steps that should be performed when 
evaluating a patient with auricular dysplasia. The patient’s 
unique ear anatomy should be analyzed, goals and expec- 
tations should be addressed, and treatment options should 
be considered that best meet the agreed-upon goals. 

First, the ears should be photographed with full- 
face and close-up frontal, oblique, lateral, and posterior 
views. After physical exam, these images are an important 
adjunct for evaluating the anatomic causes of deformity as 
well as any differences on one side compared to the other. 
These images can be viewed with the patient to facilitate 
a discussion about goals and expectations for treatment, 
realistic outcomes, and the appropriate techniques that 
could be employed to achieve this result. In addition, 
measurements of ear height, width, and distance from 
the scalp as well as the auriculocephalic angle are useful. 
Together, these images and measurements can be used 
to objectively document postoperative and long-term 
follow-up changes (29). 
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Nonsurgical Treatment 


If a deformational auricular anomaly is identified in a neo- 
nate or, according to some, select older individuals, mold- 
ing techniques should be considered. These techniques 
usually involve placing a bendable splint along the helical 
rim, antihelix, and conchal bowl and taping it in place to 
hold the ear in an appropriate position for 2 to 12 weeks. 
Molding is able to correct up to 90% of deformational 
auricular anomalies if started within the first week of life 
(30,31). Most authors only advocate molding for neonates, 
but there have been some reports of successful treatment of 
older children (32). In general, after 3 weeks of age, mold- 
ing is less successful. Yotsuyanagi noted that improvement 
declines from 80% if molding is started at 1 to 3 months 
of age, to 33% if molding is started after 9 years of age. 
In general, molding failures in this study were most com- 
mon with moderately and severely constricted ears as well 
as prominent ears (24,33). 

In 2011, Leclere et al. reported a series of 17 patients with 
prominent ears and an average age of 34.5 years who under- 
went laser-assisted cartilage reshaping, a new technique in 
which the ear is treated with an erbium/glass laser to reshape 
the cartilage without any anesthesia and molded into the 
desired shape with a silicone splint. The splint is then worn 
at all times for 2 weeks and then at night only for 4 weeks. 
At a 30-month follow-up appointment, two patients had 
incomplete shape correction, which was thought to be 
related to incorrect splint design and contact dermatitis, 
and five patients had slight ear asymmetry. Overall, 10 of 
17 patients obtained the desired result (34). Although only 
small series have been published about this technique, it 
may become a preferred method of treatment in the future. 

Ear molding is certainly an attractive option for neo- 
nates and perhaps select older children or adults who 
do not wish to undergo surgery. Importantly, one must 
gauge a patient’s ability to tolerate the discomfort, time, 
and effort required to wear an ear splint consistently for a 
period of time. In the future, laser-assisted cartilage reshap- 
ing may significantly increase the success rate of molding, 
although more studies are needed. Surgery can always be 
performed at a later date for those who do not achieve the 
desired correction with molding alone. 


Surgical Candidates 


Prominent ears generally result from a combination of 
insufficient antihelical fold and excessively large conchal 
bowl and have been defined in a number of ways. Some 
define ear prominence as an auriculocephalic angle greater 
than 40 degrees or a helix to scalp distance greater than 
2.5 cm (35). Of the two major components of prominent- 
ear deformity, unfolding of the antihelical fold has been 
found to contribute to 73% of ear prominence. 

Regardless of published standards, prominent ears, for 
many people, are primarily a psychological concern, and 
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most will present with their own ideas of how their ears 
should be. For example, men may present wanting ears 
very close to the scalp because of balding or a desire to 
wear their hair short. Women, on the other hand, may tol- 
erate less correction because of longer hair and a greater 
ability to cover their ears. Alexander et al. (36) found 
discordance between researcher- and subject-defined ear 
prominence, with the principal investigator reporting ear 
prominence in 10% of subjects, but self-reported ear prom- 
inence in only 2%, leading the authors to conclude that an 
ear is prominent when the patient says it is. In a minority 
of patients, however, prominent ears may interfere with the 
ability to perform a job or wear safety equipment. Salgado 
reported a case series of U.S. Army soldiers who underwent 
otoplasty because of the inability to wear Kevlar helmets 
without developing skin breakdown along the lateral sur- 
faces of their ears (37). When prominent ears interfere 
with safety in such a manner, otoplasty is certainly indi- 
cated. Constricted ears, however, will often demonstrate 
more noticeable deformity and are not as subjective of a 
finding as are prominent ears. Nevertheless, they are apt to 
produce the same psychological concerns. 

Otoplasty has traditionally been delayed until 5 years 
of age, at which point the ear has nearly reached its adult 
size, reducing concern for postoperative growth distur- 
bance, and the child has not yet entered grade school, a 
time before peer ridicule becomes a significant concern. 
This convention has been challenged, however, and much 
younger patients, as young as 9 months, have undergone 
otoplasty without any evidence of altered cartilage growth 
over a course of several years. The rationale for otoplasty 
at an earlier age is the observation of excessive caregiver 
and family focus upon the ears as well as the development 
of self-image prior to 5 years of age (38,39). Performing 
otoplasty at an earlier age, however, remains controver- 
sial. In a survey of surgeons, psychologists, and parents 
with children who had undergone otoplasty in the United 
Kingdom, a majority recommended otoplasty after 6 years 
of age (40). Regardless, when considering otoplasty in a 
child, it is imperative to stress to the parents the impor- 
tance of postoperative care and protective dressings. If it is 
unlikely that the postoperative care will be tolerated, oto- 
plasty might be best deferred to a later time. 


SURGICAL TECHNIQUES 


Otoplasty for the Prominent Ear 


The main goals of otoplasty for the prominent ear are to 
create an antihelical fold and reduce the auriculocephalic 
angle to about 15 to 25 degrees. In addition, a prominent, 
lateralized helical root and lobule can worsen with oto- 
plasty and often require reduction as well. A wide variety 
of techniques have been described to achieve these goals 
and a selection of landmark and novel modifications is 
presented below, followed by our preferred technique. 
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2. Periosteal-cartilage sutures 


Figure 190.5 Comparison of cartilage-cutting (A) and cartilage-shaping (B) otoplasty techniques. 


In 1955, Converse et al. (41) recreated the antihelical 
fold by making two parallel incisions on either side of 
the planned antihelix and suturing the edges from either 
side of the cartilage island together (Fig. 190.5A). In 1959, 
Farrior (42) described a modification of this technique, 
excising thin, longitudinal wedges of cartilage posteriorly 
at the superior crus and antihelical fold; creating a cartilage 
island at the planned antihelix; and stabilizing the new 
folds with suture. Hatch (43) noted that the helical root 
was often displaced laterally in otoplasty and, in 1958, 
reported securing the helical root to the temporalis fascia 
to alleviate this problem. 

In 1963, Mustarde (44) described a less invasive tech- 
nique of recreating the antihelical fold, using three per- 
manent horizontal mattress sutures to secure the auricular 
cartilage to itself without making any cartilage incisions 
(Fig. 190.5B). In 1967, Kaye (45) described anterior carti- 
lage scoring at the planned antihelical fold with toothed 
forceps, followed by suture fixation as well as removal 
of an ellipse of conchal cartilage if needed. In 1968, 
however, Furnas described a less invasive technique of 
conchal bowl reduction, simply securing the conchal car- 
tilage to the mastoid periosteum posteriorly. The lobule 
was reduced by excising a posterior ellipse of skin (46). 
In 2001, Erol (47) described an anterior approach to 
otoplasty, placing their incision along the conchal bowl 
rim, excising a portion of conchal cartilage, scoring the 
anterior surface of the cartilage to create an antihelical 
fold, and securing these changes with horizontal mat- 
tress sutures. 

Incisionless otoplasty was first described by Fritsch in 
1994 and involves percutaneously scoring the anterior sur- 
face of the cartilage at the planned antihelical fold, creating 
a small opening at the postauricular sulcus and removing 
soft tissue for a conchal setback if needed, percutaneously 
placing horizontal mattress retention sutures from the 
posterior side of the pinna to create the antihelical fold 
and pull the concha posteriorly and burying the knots by 


pulling skin over them with a single-prong skin hook. The 
lobule is brought posteriorly by percutaneously dissect- 
ing the cauda helicis from the pinna and using the same 
percutaneous suture technique to secure it to the posterior 
conchal bowl (48). 

In 1999, Epstein et al. (49) described the use of electro- 
cautery to perform partial-thickness ablation of a thin, lon- 
gitudinal strip of cartilage along its posterior surface at the 
planned antihelix. The new antihelix was then stabilized 
with horizontal mattress sutures. Ragab (50) described a 
modification to this technique in 2010, using the carbon 
dioxide laser instead of electrocautery in an attempt to curl 
the cartilage in a controlled fashion. 

In general, these techniques fall into one of two catego- 
ries: cartilage-cutting or cartilage-shaping. Cartilage-cutting 
techniques involve the incision or scoring of cartilage to 
create a permanent change to the cartilage shape. These 
techniques may be best suited for thick, stiff cartilage and 
often allow greater control over the end result. However, 
there is greater risk of creating sharp edges and irregularities 
that are extremely resistant to revision. Cartilage-shaping 
techniques, on the other hand, involve repositioning the 
cartilage with sutures to create a more natural shape with- 
out the risk of sharp, unnatural-appearing cartilage edges. 
The end result can easily be adjusted but carries with it the 
risk of a suture breaking and the ear springing back to its 
original position. 

The surgeon must understand the risks and benefits 
involved with these techniques. Whenever possible, the 
senior author (SRM) prefers to use the cartilage-shaping 
techniques originally described by Mustarde, Furnas, and 
Hatch. The following is a detailed description of this pro- 
cedure. 


DESIGNING THE INCISION 


Prior to injection of local anesthesia, three key landmarks 
must be identified. 
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“S” Shaped 
incision 


Suture holding 
helical root cartilage 
to temporalis fascia 


Figure 190.6 Otoplasty incision planning using Mustarde, 
Furnas, and Hatch techniques. First, the ear is manipulated to 
create an antihelical fold and Mustarde-type horizontal mattress 
sutures are planned (A). The ear is then pushed against the scalp 
and an ellipse of skin that can be excised is marked (B). The planned 
postauricular incision is extended to the helical root for reposition- 
ing to prevent persistent superior ear prominence (C). When clos- 
ing the postauricular incision, three 4-mm gaps are left (marked by 
arrows) as a controlled drainage pathway to prevent hematoma 
(D). It is important that these gaps not overlie any stitches. 


1. Antihelical fold: The ear should be gently squeezed 
to identify a naturally appearing antihelical fold 
(Fig. 190.6A). It is important to mark the central por- 
tion of the antihelical fold. This line should not be 
straight but a gentle anteriorly sloping curve that will 
create a more natural antihelical fold. We prefer to 
mark out the future placement of our Mustarde-type 
horizontal mattress sutures at this time. 

2. Conchal setback: A cotton-tipped applicator can be 
used to press the conchal cartilage against the mastoid 
to determine where the conchal setback sutures will be 
placed (Fig. 190.7A and B). 

3. Helical root: The placement of the helical root suture 
should be determined by gently pushing the helical 
root anteriorly and superiorly against the soft tissue 
of the scalp in order to determine the location of the 
relaxed skin tension line in this location (Fig. 190.6C). 


With these three landmarks identified, one should design 
the postauricular incision. With a finger on the area of the 
future Mustarde-type horizontal mattress sutures, a small 
dot can be made on the back side of the ear correspond- 
ing to the location of each suture. This same technique 
can be used to identify where the Furnas-type conchal 
setback sutures will be placed. This will create two lines, 
which form the basis of the incision (Fig. 190.6B). These 
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two markings can then be connected with an “S’-shaped 
line. Now the ear can be pressed back against the scalp 
and an estimation of how much excess of skin should be 
removed can be made and the above drawn line can then 
be converted to a simple ellipse. A dumbbell shape is often 
advocated for this incision in order to decrease the chances 
of developing telephone ear deformity, which is discussed 
later in this chapter. A simple elliptical skin excision, how- 
ever, can also allow one to address the helical root and lob- 
ule and perform a straightforward closure at the end of the 
procedure. 


Injection 


Despite the common medical teaching to the contrary, 
there is no proven contraindication specific to the ear 
for injecting a local anesthetic containing epinephrine. It 
is important to keep in mind, however, that epinephrine 
injection can result in a hypertensive crisis in patients who 
are taking certain vasoactive medications or have under- 
lying cardiovascular disease, uncontrolled hypertension, 
hyperthyroidism, or pheochromocytoma (51,52). Patients 
with cardiovascular disease should be injected with no 
more than 0.2 mg of epinephrine (20 mL of 1:100,000 epi- 
nephrine); some advocate even lower maximum doses of 
0.04 mg of epinephrine (4 mL of 1:100,000 epinephrine) 
up to every 30 minutes in patients with severe cardiovascu- 
lar disease (53,54). In comparison, doses of 0.3 to 0.5 mg 
of epinephrine are used for treatment of anaphylaxis. 

In the senior author's experience, 1:50,000 concentra- 
tions of epinephrine can be used in otoplasty without 
causing damage to the skin and cartilage. With this tech- 
nique, the anterior and posterior sides of the ear are each 
injected with 2 to 3 mL of a custom mixture of 0.25% bupi- 
vacaine with 1:50,000 epinephrine. When the procedure 
is performed under local anesthesia alone, it is helpful to 
inject 1% lidocaine with 1:50,000 epinephrine followed 
by 0.25% bupivacaine with 1:50,000 epinephrine after ini- 
tial anesthesia has been achieved. Firm pressure should be 
held on the anterior and posterior surfaces of the ear after 
injection to minimize soft tissue distortion. 


Surgical Procedure 


The initial skin incision is performed with needlepoint elec- 
trocautery, which helps to minimize bleeding, decreases 
operative time, and results in a very acceptable scar that 
is well hidden in the postauricular sulcus. Once the inci- 
sion is complete, the ellipse of skin is excised either sharply 
or with electrocautery. The converse scissors are then used 
to undermine the skin in the supraperichondrial plane 
along the superior half of the ear where the Mustarde-type 
horizontal mattress sutures will be placed. This dissection 
should be mostly avascular as long as one remains in this 
plane. Once this step is complete, a second round of hemo- 
stasis is performed with the electrocautery. 
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Otoplasty technique. Conchal setback sutures are planned by pushing the con- 
chal bowl against the scalp (A) and marking the optimal location for suture placement (B). A small 
amount of soft tissue overlying the mastoid is removed to allow for an appropriate conchal setback, 
leaving the periosteum for suture placement (C). A 27-gauge needle is placed through the conchal 
bowl where the suture will be placed and the conchal bowl is secured to the mastoid periosteum 
(D,E). The helical root can then be secured to temporalis fascia through an incision in a skin fold 
just anterior to the helical root (F). The lobule can be reduced through an elliptical soft tissue exci- 
sion (G-I). Once complete, the ear is dressed with petrolatum gauze and wrapped with elastic net 


bandage (J,K). 


In a majority of cases, it may be easier to place Mustarde- 
type horizontal mattress sutures prior to Furnas-type conchal 
setback sutures. The reason for this is that once the conchal 
bowl setback sutures are placed, access to the postauricu- 
lar cartilage for Mustarde suture placement may be more 
visually limited. However, in cases where ear prominence 


mostly results from a large conchal bowl, Furnas-type 
conchal setback sutures may be placed first without signifi- 
cant visual limitation. It is extremely important to modify 
one’s technique based on each patient’s unique anatomy. 
Working with the surgical assistant, a repetitive set of 
maneuvers is then performed: A 27-gauge needle is passed 
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from the anterior to posterior surface in what will be a cor- 
ner of the Mustarde-type horizontal mattress suture. On the 
back side of the ear, a cotton-tipped applicator is used to 
dry the cartilage, and the surgical marker is used to place a 
very fine dot where the needle will pierce the cartilage. This 
process is then repeated. In most cases, three Mustarde-type 
horizontal mattress sutures will be required, but two or four 
may be appropriate depending on the deformity. The sur- 
geon then places Mustarde-type horizontal mattress sutures 
(we prefer 4-0 polyester suture), being careful to pass the 
needle through the full thickness of the cartilage without 
violating the anterior auricular skin. The initial suture is 
tightened to ensure that the resulting antihelix is desirable, 
but is then relaxed and tagged to the surrounding surgi- 
cal drapes without cutting. The above process is repeated 
until the desired number of sutures has been placed post- 
auricularly. The Mustarde-type horizontal mattress sutures 
can be tied from inferior to superior or superior to infe- 
rior depending on the case; by gently bending the pinna 
to create the antihelical fold, it is often evident that bend- 
ing begins in one direction more naturally. Once the first 
Mustarde-type horizontal mattress suture is secured with a 
surgeon’s knot, the first assistant gently pinches the edges of 
the newly formed antihelical fold with a penetrating towel 
clamp. This will allow the shape to be held in place while 
the operating surgeon continues to tie the sutures from the 
posterior side. In order to prevent the postauricular skin 
from catching as the suture is tied, a side-to-side “wind- 
shield wiper” motion can be performed as each knot is tied. 


Preparation for Conchal Setback 


Before the conchal bowl set back can be performed success- 
fully, there must be a recipient site created into which the 
conchal bowl can be set. This site is created by using elec- 
trocautery to undermine a thin postauricular skin flap and 
remove a disc of muscle and fascia overlying the mastoid (Fig. 
190.7C). It is important to leave a thin layer of tissue over the 
mastoid periosteum so that the conchal setback suture can 
be placed securely. The amount of soft tissue that is removed 
varies based on the amount of setback that is needed, but in 
general, a region of soft tissue about the diameter of a nickel 
or quarter and 1 to 4 mm thick should be removed. 


Placement of the Furnas Sutures 


Furnas-type conchal setback sutures pass through the con- 
chal cartilage and mastoid periosteum. We begin at the 
conchal cartilage in a backhanded fashion such that the 
needle can be passed through the mastoid periosteum in a 
forehanded fashion, allowing better needle control for the 
second, more technical needle pass (Fig. 190.7D and E). 
Based on the cartilage rigidity and force that needs to be 
applied for the conchal bowl setback, the surgeon may 
use a combination of one or three 4-0 or 3-0 sutures. For 
example, in a younger patient with more elastic cartilage, 
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two 4-0 polyester sutures are usually adequate, but in an 
adult patient with more calcified cartilage, two or three 
3-0 polyester sutures may be indicated. It is always best to 
place the sutures loosely initially and tie them later, just as 
in creating the antihelical fold. The first assistant can hold 
the conchal bowl in correct position with a cotton-tipped 
applicator while the operating surgeon throws surgeon’s 
knots, again with a “windshield wiper” motion. 


Helical Root Positioning 


An observant surgeon will notice that often after a combi- 
nation of Mustarde and Furnas sutures, the helical root will 
almost always protrude laterally. If not corrected, this result 
will persist postoperatively and is the upper component 
of the telephone ear deformity. This area of the ear may 
be overlooked in cosmetic otoplasty but is as important of 
an area to control as the antihelical fold and the conchal 
setback. When needed, a helical root incision should be 
marked prior to the injection of local anesthetics along a 
natural skin crease (Fig. 190.6C). A small, 6- to 10-mm stab 
incision is made with a number 11 blade scalpel, and a 4-0 
polyester suture is placed deep in the temporalis fascia ina 
forehanded fashion. The suture should be well seated such 
that the surgeon should feel that the head could almost be 
lifted off the table with the suture alone. In a backhanded 
motion, the suture is now passed through the inferior car- 
tilage of the helical root and tied to bring the antihelical 
fold into a more natural orientation relative to the newly 
created antihelical fold and conchal setback (Fig. 190.7F). 


Closure 


Because the incision at the helical root incision could leave 
a perceptible scar, it should be closed meticulously with 
either 6-0 polypropylene or 6-0 fast-absorbing catgut suture. 
We have achieved good results by everting the skin edges 
with a few horizontal mattress sutures. As the postauricular 
incision is closed, three 4-mm gaps are left open to allow for 
the egress of blood, decreasing the risk of hematoma. The 
three gaps are placed 5 mm from the apex of the incision, at 
the midportion of the incision, and at the inferior 4 mm of 
the incision near the lobule. Closure can be performed in a 
running fashion between each gap (Fig. 190.6D). 


Management of the Lobule 


In cosmetic otoplasty, the lobule can sometimes be one of 
the more challenging structures to shape and position; this 
is particularly true of large, fleshy lobules that lack rigidity. 
When the lobule needs to be positioned closer to the scalp, 
which occurs approximately one-third of the time, a wedge 
excision can often be the simplest and most direct way to 
proceed (Fig. 190.7G-I). The amount of tissue that must 
be excised can be determined by pinching the lobule along 
its posterior surface. An elliptical wedge of skin should 
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then be marked and excised with needlepoint electrocau- 
tery. The resulting defect is closed with a 5-0 fast-absorbing 
catgut suture, again leaving a purposeful 4-mm gap inferi- 
orly for the postoperative egress of blood. 


Dressing 


There are many different ways to dress the ear postopera- 
tively that help to support its new shape. In one relatively 
simple technique, petrolatum gauze (Xeroform) is cut into 
five 5 mm strips, two of which are packed in the postauricu- 
lar sulcus, and three of which are packed along the anterior 
surface of the ear. The petrolatum gauze is pressed into the 
peaks and valleys of the newly formed antihelix and conchal 
bowl (Fig. 190.7J). Following placement of the petrolatum 
gauze, fluffed 4 x 4-inch gauze sponges are placed over each 
ear and a size 8 elastic net bandage (BandNet) is placed over 
the face, twisted at the top, and pulled over itself to create 
a double layer of netting. Younger patients may be better fit 
with a size 7 elastic net bandage. A gap is cut through the 
bandage over the eyes, nose, and mouth and the inferior edge 
of this gap is brought over the anterior mandible like a chin- 
strap (Fig. 190.7K). The compression created by this dressing 
is designed to provide three-dimensional support to the skin 
envelopes overlying cartilage where several sutures have just 
been placed. It is essential that this pressure dressing be in 
place prior to extubation, especially in the case of children. 


Otoplasty for the Constricted Ear 


The goals of otoplasty for patients with constricted ears are 
to provide adequate, symmetric ear height, projection, and 
shape. This constellation of deformities is a much more 
difficult problem to correct and requires the surgeon to 
be facile in multiple techniques of otoplasty and auricu- 
lar reconstruction. Several of these techniques for man- 
agement of the constricted ear will be presented in this 
section, however, further detail, especially pertaining to rib 
graft harvest, is beyond the scope of this chapter. 


Mild Constricted Ear 

Mildly constricted ears, as stated above, can be treated with 
molding techniques in neonates or even in some older 
individuals. However, molding is dependent upon cartilage 
elasticity. Surgically, these patients are often candidates for 
otoplasty similar to that performed for prominent ears. 
If standard otoplasty techniques are to be employed, it is 
critical that the cupped superior helix is able to be manu- 
ally unfurled into a nearly normal shape. If this manipula- 
tion can be performed but requires a significant amount of 
force, transcutaneous placement of through-and-through 
4-0 silk sutures to create the antihelix and reduce helical 
prominence can be useful in determining if they alone can 
hold the ear in position for several days to a week preop- 
eratively. If the desired shape can be appropriately retained 
over this period of time, a standard otoplasty technique 
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using Mustarde-type horizontal mattress sutures similar to 
the procedure described above can be used (Fig. 190.8). 
If sutures are unable to hold the ear in place, however, 
cartilage-cutting techniques may be required. 


Moderate and Severe Constricted Ear 

Moderately constricted ears are often difficult to separate 
from patients who are more appropriately in the mildly 
or severely constricted categories. Often they will require 
a V-Y advancement of the helical root to release the helical 
rim into a more natural position and may require cartilage 
grafting (Fig. 190.9) (25). 

The severely constricted ear, on the other hand, always 
requires cartilage grafting and often requires an adjacent 
tissue transfer or skin graft. The most useful cartilage for 
auricular reconstruction is from the rib. In the constricted 
ear, partial shaved rib cartilage can be easily harvested with 
minimal donor-site morbidity. Shaved cartilage will also 
curl to create a contour very amenable to superior helical 
reconstruction (Fig. 190.10). 


Complications 


Fortunately, complications after otoplasty are rare, but they 
do occur and can in some cases be quite severe. Early com- 
plications include infection, chondritis, hematoma, pain, 
and skin necrosis. Infection and chondritis are the most 
devastating as they can lead to loss of cartilage and require 
multiple reconstructive procedures. Generally, a patient 
developing infection will experience worsening pain 
around the third or fourth postoperative day, followed by 
swelling and drainage from the ear. Once infection is sus- 
pected, any fluid collections should be drained, a culture 
should be obtained if possible, and the patient should be 
treated aggressively with antibiotics. The patient may at first 
be given oral antibiotics, but if no response is noted within 
48 to 72 hours or the infection appears particularly aggres- 
sive, broad-spectrum intravenous antibiotics covering skin 
flora as well as potential pseudomonal infection should 
be initiated. Hematoma is often a result of either inade- 
quate hemostasis at the time of surgery or postoperative 
trauma and is suggested by sudden swelling at the surgi- 
cal site. If detected, a hematoma should be drained expe- 
ditiously to prevent infection, calcification, and cartilage 
loss. Purposeful gaps in closing the postauricular incision 
can help to prevent this complication if excessive bleeding 
were to occur. Pain that worsens more than expected in the 
postoperative period may signal any of the aforementioned 
complications as well as possible hypersensitivity reac- 
tions to the dressing or excessive tightness of the dressing. 
Skin necrosis is a very rare complication in otoplasty that 
may be more common in individuals with poor peripheral 
circulation, such as smokers or diabetics, but may also be 
caused by excessive dressing tightness (55-58). 

Late complications after otoplasty include inade- 
quate correction, telephone ear deformity, abnormal ear 


Mild to moderately constricted ear. In this 16-year-old with a mild to moderately constricted ear, the ear could be unfurled, 
but with a significant amount of force (A-C). Because the patient was older and able to tolerate an office procedure, through-and-through 
4-0 silk sutures were placed transcutaneously to ascertain if they alone would hold the ear in the correct position (G). If these sutures had 
failed, the next treatment option would have been an auricular reconstruction with a partial shaved rib graft. The sutures were placed 
approximately 1 week preoperatively and held the ear in position. Intraoperatively, a postauricular incision was created, and several, strong 
Mustarde-type sutures were placed along the superior helix. This patient had a satisfactory result at the 6-week postoperative appointment 
and ultimately did not require a rib graft as the ear height result was a close enough match to the opposite side that the patient did not 
feel further surgical intervention was warranted (D-F). This suturing technique allowed for better preoperative decision making and dem- 
onstrates the difficulty that can be encountered when deciding on a treatment strategy for patients with constricted ears. 


Moderately constricted ear. This 7-year-old presented with a constricted upper one-third of the ear that had been 
attempted to be repaired using standard otoplasty-type techniques twice without success (A-D). The ear was able to be nearly com- 
pletely unfurled, but was excessively cupped and seemed to be held in place at the helical root (E,F). In addition, the ear had an irregular 
appearance, and plans were made for a two-stage procedure: the first to correct the height and shape and the second to remove the ear’s 
contour irregularities. In the first stage, an incision was created just posterior to the helical rim along the upper one-third. The cartilage 
in this region was degloved along its anterior and posterior surfaces, providing broad exposure and allowing the placement of standard 
Mustarde-type horizontal mattress 4-0 polyester sutures to unfurl the ear. Once unfurled, the skin was brought back over the cartilagi- 
nous structure of the ear and a V-Y release of the helical root was performed, allowing the ear to achieve greater vertical height (G,H). 
A standard bolster dressing was applied because of the wide undermining that was required. About 1 year later, the second-stage surgery 
was performed to improve the irregular contour of the cartilage. This delay allowed us to ensure that the ear was completely healed and 
had achieved adequate vertical height correction (I-L). The cartilage was, again, widely degloved, and a diamond-tipped dermabrader was 
used to correct contour irregularities (M-O). A 1 x 4 cm thick piece of AlloDerm was then evenly spread over the entire upper one-third of 
cartilage to provide a soft tissue cushion to the overlying skin (P). A bolster dressing was again placed because of wide skin undermining. 
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Moderate to severely constricted ear. The following 17-year-old had a moderate to severely constricted upper one-third 
of the ear that would not unfold in the office (A-C). The patient was taken to the operating room shortly thereafter for a rib graft to obtain 
adequate ear height and stability. First, the anterior portion of the helix was incised to allow the ear to release. A template was made of the 
contralateral ear using sterilized x-ray film, similar to a standard microtia repair, in order to determine the goal for ear height. Next, 5-cm-long, 
2- to 3-mm-wide partial-thickness rib graft was harvested, leaving a majority of the rib in the patient's chest, a technique that significantly de- 
creases postoperative pain. The rib was then placed in normal saline while a standard closure of the chest incision was performed and the ear 
was unfurled. A soft tissue pocket was then created near the root of the helix to the midbody of the helical rim. The rib was then placed in this 
soft tissue pocket and held in place with through-and-through sutures (D,E). Once the ear was completely unfurled and the vertical height of 
the contralateral ear matched, the anterior auricular skin defect where the ear had been unfurled was measured and a postauricular skin graft 
harvested for coverage and secured in place (F). In the end, a reasonable ear was obtained and the patient was pleased with the result (G,H). 
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Figure 190.11 Telephone ear deformity is a postoperative result 
of adequate correction of ear projection in the middle one-third, 
but inadequate correction of ear projection in the superior and 
inferior one-third. 


contours, keloids, suture granulomas, and extruded or 
broken sutures. The most common of all complications 
is inadequate correction of the deformity, often related 
to the antihelical fold or conchal setback. This problem 
can be addressed through revision surgery. Telephone ear 
deformity can be thought of as a type of inadequate cor- 
rection. This problem is caused by a failure to address 
a laterally protruding helical root and lobule, both of 
which are accentuated by the creation of an antihelical 
fold and conchal setback (Fig. 190.11). This constellation 
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of findings gives the ear a telephone-shaped appearance 
and can be addressed through revision surgery. Telephone 
ear deformity can be prevented by the astute surgeon 
by performing a helical root setback and lobule reduc- 
tion at the time of initial surgery. Abnormal ear contours 
may result from cartilage-cutting techniques in which 
sharp cartilage edges can result. Revision surgery may be 
required to smoothen these contours. Keloids may form 
after otoplasty, especially in darker skinned individu- 
als who are prone to them. Keloids can be treated with 
triamcinolone injection as in any other location. Suture 
granulomas can occur at any time postoperatively and are 
often noticed as a subcutaneous lump. These granulomas 
are treated by incising the skin and removing the suture 
underneath. Finally, cartilage-shaping techniques are 
most susceptible to sutures breaking and the ear springing 
back to its original position (Fig. 190.12). These sutures 
may also extrude and need to be removed without break- 
ing. Revision surgery may be required in these cases as 
well (55-58). 


LONG-TERM RESULTS 


In general, the anatomic results and patient satisfaction for 
otoplasty are excellent (Figs. 190.13 and 190.14). Some of 
the immediate postoperative medialization is expected to 
be lost over time and seems to occur to a greater degree in 
cartilage-shaping techniques. Messner and Crysdale, using 
a cartilage-shaping technique similar to the technique 
described in this chapter, found that 0.9 to 5.8 mm of 
medialization was lost 1 year after surgery with the great- 
est amount of loss along the middle and superior thirds 
of the ear. Overall, 29% of ears returned to their preop- 
erative positions, 28% of ears remained in their immedi- 
ate postoperative positions, and 43% of ears were found 


D 


Figure 190.12 Example of suture breaking after otoplasty. A: Preoperative image of patient with 
prominent ears. B: Initial postoperative ear projection. C: Ear projection after Mustarde-type hori- 
zontal mattress suture failure at right ear. D: Ear projection 1 year after revision surgery for suture 


failure. 
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Figure 190.13 Result of otoplasty for prominent ears in a child. Preoperative (A-C) and 2-week 
postoperative results (D-F). 


to lie somewhere in between. Despite a 29% return to 
preoperative position, 85% of patients and their families 
were happy with the results, but only 73% would choose to 
undergo otoplasty again (59). Schlegel-Wagner et al., using 
an anterior cartilage-scoring technique with posterior suture 
fixation, found that 2 mm of medialization was lost by 
6 years postoperatively, with the majority of recurrence 
along the superior third of the ear. Overall, 90% of patients 


and families reported either a “good” or “very good” result 
(GO). Using a cartilage-cutting technique that involves 
removing a diamond-shaped section of cartilage and 
suturing it into a tube to create a new antihelix, Lee and 
Bluestone (61) found that all patients and their families 
were either “very satisfied” or “extremely satisfied” with the 
results at 4.6 years postoperatively; however, no measure- 
ments were provided. 
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Result of otoplasty for prominent ears in an adult. Preoperative (A-C) and 6-month 


postoperative results (D-F). 


In treating a patient with an anomalous ear, one must 
consider several factors. Adequate counseling and under- 
standing patient expectations and psychosocial concerns 
are paramount to patient and family satisfaction. Molding 
techniques should certainly be considered in newborns 
with ear deformities but are more controversial in older 
children. Laser-assisted cartilage reshaping may significantly 


increase molding success rates, especially in older children 
and adults, and become a preferred method of treatment in 
the future. If molding techniques do not adequately correct 
the deformity or if a child has a mild to moderate malfor- 
mation, the otoplasty techniques discussed in this chap- 
ter may be appropriate. Otoplasty has traditionally been 
performed after 5 years of age, but this timing has been 
challenged and otoplasty potentially may be performed at 
an earlier age. There are a number of otoplasty techniques 
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that have been devised, broadly categorized as cartilage- 
cutting or cartilage-shaping, and the surgeon should be 
aware of the pros and cons of these techniques in order to 
adequately counsel patients preoperatively. Some degree of 
postoperative lateralization is likely to develop over time, 
and although the most common complication of oto- 
plasty is inadequate correction, patients and their families 
can generally expect to be satisfied by the result. Thorough 
knowledge of auricular anatomy and tailoring surgical 
technique to each individual ear can help to achieve better, 
longer-lasting results. 


m The external ear develops from six hillocks of His 
that are derived from first and second branchial arch 
mesoderm. 

m The ear reaches 85% of its adult size by 3 years of 
age and nearly its full adult size by 5 years of age. 

= Prominent ears are characterized by an absent anti- 
helical fold and large conchal bowl. 

m There is no absolute definition of prominent ear; an 
ear is prominent when a patient says it is. 

= Constricted ears are characterized by a purse-string 
appearance caused by a lack of cartilage at the upper 
one-third of the helix and sometimes concha. 

m= Auricular anomalies may impact psychosocial devel- 
opment. 

m Ear molding techniques are most effective in neo- 
nates less than 3 weeks old and lose effectiveness 
with age and increasing cartilage rigidity. 

= Most otoplasty surgical techniques can be broadly cat- 
egorized as either cartilage-cutting or cartilage-shaping. 

m Inadequate correction is the most common compli- 
cation of otoplasty. 

m Telephone ear results from failure to address a later- 
ally prominent helical root and lobule. 
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Congenital Auricular 
Malformation 


Eugenio A. Aguilar III 


Correction of auricular malformations requires a 
comprehensive knowledge base of the existing surgical 
procedures. Surgery, without the knowledge in selecting 
the proper technique, will cause great harm. As with any 
surgical operation, successful outcome depends foremost 
on the surgeon’s experience and meticulous attention to 
detail in both planning and execution. In addition, the 
plastic surgeon should realize that the care of the patient 
with an ear deformity may necessitate a team approach 
that includes an otologist, audiologist, radiologist, and 
psychiatrist. The family should be an integral part of the 
surgical planning at the outset. This chapter covers ear 
deformities ranging from simple protruding ears to major 
congenital deformities. 


Topographic landmarks in a normal ear are shown in 
Figure 191.1. Of particular importance are the helix, supe- 
rior crus, inferior crus, scapha, and antihelix as well as the 
cymba conchae and the cavum conchae, the two structures 
that make up the entire conchal bowl. 

The development of the auricle is first seen in the 
5-week-old embryo. The auricle begins as six mesenchy- 
mal proliferations at the dorsal ends of the first and second 
pharyngeal arches surrounding the first pharyngeal cleft. 
Initially, the external ear is located in the lower neck. As the 
mandible develops, the ear ascends to the side of the head 
at the level of the eyes. The current theory behind auricular 
development (Fig. 191.2) is that the six hillocks correlate 
directly with the tragus, helix, cymbum, scapha, antihelix, 
and antitragus (1). 

The ear is made of both intrinsic and extrinsic muscula- 
ture. The intrinsic muscles are the major and minor helixes, 
the tragus, the antitragus, the transverse, and the oblique. 
The extrinsic muscles include the anterior auricularis, supe- 
rior auricularis, and posterior auricularis. 


Anthony Echo 


The auricle receives its blood supply from three arteries: 
the superficial temporal, the posterior auricular, and the 
occipital. The venous system involves the posterior auricu- 
lar, external jugular, superficial temporal, and retromandib- 
ular veins. The lymphatic system of the ear drains anteriorly 
to the parotid lymph nodes and posteriorly to the cervical 
lymph nodes. Cranial nerve VII supplies the motor inner- 
vation of the auricle, with the temporal branch supplying 
the anterior and superior auricularis muscles and the pos- 
terior auricular branch supplying the posterior auricularis 
muscles. The sensory innervation is supplied primarily by 
the lesser occipital nerve, the mastoid branch of the lesser 
occipital nerve, the great auricular nerve (C2, C3), and the 
auriculotemporal nerve. Arnold nerve, a branch of cranial 
nerve X, supplies the concha. 

A normal auricle and its dimensions are shown in 
Figure 191.3. The superior aspect of the ear is usually level 
with the eyebrow (2). The vertical axis of the auricle is typi- 
cally inclined approximately 20 degrees posteriorly. The 
vertical height is usually equal to the distance between the 
lateral orbital rim and the root of the helix at the level of 
the brow (about 6 cm), and the width is approximately 
55% of the length. The helical rim protrudes 1 to 2 cm 
from the skull at a 21- to 30-degree angle. Traditionally, an 
ear is considered deformed when the dimensions deviate 
significantly from these general rules. However, aesthetic 
appeal is often both subjective and culturally specific. 
Meticulous preoperative planning with special attention 
to these factors is essential in achieving normal-appearing 
and aesthetically pleasing ears. 


Protruding or prominent ears are a fairly common defect. 
An extensive array of surgical options is available, and 
every plastic surgeon should know at least one technique 
that can be used to achieve reliable results. Optimal 
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Figure 191.1 Anatomy of the auricle. 


surgical outcome depends on a combination of artistic 
and technical skills. Although the diagnosis of protruding 
ears is often made by sight, knowing the basic anatomi- 
cal dimensions will ensure appropriate decisions regarding 
intervention. The normal angle between the ear and the 
head should be between 20 and 25 degrees (3). Usually, an 
angle greater than 30 degrees makes the ears appear overly 
noticeable. Sometimes the auriculocephalic angle of the 
ear is less than 30 degrees, but some particular anatomic 
feature makes the ear offensive to the family or patient; 
therefore, a thorough preoperative assessment and discus- 
sion are necessary. 

A prominent ear deformity is usually associated with a 
poorly formed antihelical fold and an overdeveloped con- 
cha. The scapha may be malformed with deficient superior 


Figure 191.2 Auricle in 5-week human embryo develops from 
six hillocks. 
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and inferior crura surrounding the fossa triangularis. In 
addition, the helix may be abnormal in both definition 
and curvature. 


Preoperative Evaluation 


The preoperative evaluation should include good photo- 
graphs. In addition to the frontal view, adequate documen- 
tation should include oblique, lateral, and rear views. Both 
ears should be compared and evaluated with regard to at 
least three basic criteria: the thickness and stiffness of the 
cartilage and the symmetry of one ear compared with the 
other. Darwinian tubercles should be noted, as should any 
other preauricular tags that may exist. 

A checklist such as that in Table 191.1 will ensure that 
no important details are missed in the preoperative evalu- 
ation. This information should be discussed fully with the 
patient and family to clarify any points of uncertainty. The 
more involved the patient is in the planning of the surgical 
procedure, the more likely the postoperative care will be 
implemented properly. 

Emphasizing the importance of making ear recon- 
struction a family affair, Eavey (4) counsels parents 
about the condition as well as techniques to correct 
the ear. In his study of 92 pediatric patients, Eavey (4) 
observed that children with microtia and significant 
auricular malformation require global attention to early 
family guidance, including expected and unexpected 
hearing loss, delayed language development, associated 
medical conditions, and the need for both auricular and 
otologic reconstruction. 

In 1999, Wang (5) advocated that early prosthetic treat- 
ment is psychologically beneficial to children with congen- 
ital ear deformities. In addition, he described procedures 
to determine precise locations of craniofacial auricular 
implants by using computed tomographic (CI) scans. 
Although CT scan is not typically necessary for the correc- 
tion of prominent ear deformities, it is a useful tool for 
more complex congenital deformities. 

The usual goal of the operation is to achieve some 
reduction of the auricle angle to within 15 to 25 degrees 
while maintaining normal appearance and curvature of 
the auricular components. The helical curve should remain 
gentle following surgery, with no unusual breaks or pinch- 
ing effects. The helical rim should be evaluated after the 
surgery and its height from the mastoid skin documented. 
The middle third of the helix should measure 14 to 16 mm 
and the superior third 16 to 18 mm. Reduction of the over- 
developed conchal bowl may be necessary during the sur- 
gery as well. 

Otoplasty is best begun before the child starts school, 
between ages 5 and 6, when the child is old enough to with- 
stand the necessary postoperative manipulations. However, 
Gosain (6,7) has demonstrated that it is safe to perform 
otoplasty on children as young as 9 months old without 
any effect on the development of the ear. 


Surgical Techniques 


Mustarde Technique 

The Mustardé technique (Fig. 191.4) involves placing sev- 
eral horizontal mattress sutures (usually Ethibon or Ticron) 
along the scapha in a curved line to create an antihelical 
sulcus. This technique has several advantages. A normal- 
appearing antihelical fold can be created, and when placed 
correctly, the sutures hold indefinitely. Most surgeons tend 
to forget that a Mustardé suture also can be used to create a 
more than adequate superior or inferior crus. 

Problems can be expected with this technique if the 
sutures are incorrectly placed since they could become 
noticeable or erode through the postauricular skin. For 
this reason, postauricular skin excision is usually not rec- 
ommended. Furthermore, to improve the placement of 
the sutures, Brent (8) recently described a hydrodissection 
technique where normal saline is injected on the antero- 
lateral surface of the ear to elevate the skin away from the 
cartilage to allow a full-thickness bite of the perichon- 
drium and cartilage. Should the sutures fail to maintain 
the proper curve of the antihelical fold, a second operation 
may be required. Simply using a Mustardé technique is 
usually not sufficient enough for most otoplasties, because 
work must be done in the conchal bowl area as well. 
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Figure 191.3 Normal ear, with average dimen- 
sions for a 6-year-old child. 


Converse Technique 

The Converse technique (Fig. 191.5) is more complicated 
and should be executed only by an experienced surgeon 
(3). With this technique, an island of cartilage is created 
that sits anteriorly to the rest of the conchal cartilage. This 
cartilage produces a normal-appearing fold, with no sharp 
edges on the corrected antihelix. The advantages of this 
technique are that it allows more permanent retraction of 
the auricle and is a potentially more permanent correction 
of the antihelix. In addition, because the island itself is 
not sutured, the curvature of the newly created antihelix is 
gentle. 


Farrior Technique 

This technique (Fig. 191.6) also requires an experienced 
surgeon (9). The incisions are made through the cartilage 
on the conchal rim only; then longitudinal wedges are 
removed at the level of the superior crus and the future anti- 
helical fold. An incision then is made through the cartilage 
at the level of the antihelical fold, creating an island similar 
to that of the Converse technique. The island widens from 
the inferior to the superior. This technique produces a more 
gentle bend of the antihelix. Recent literature has shown 
that there is approximately a 12% recurrence rate with this 
technique (10). 
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TABLE 
191.1 1D DIAGNOSIS OTOPLASTY 


Deformity criteria 

Angle between ear and head 25° to 30° or greater 

Dimensions different from normal auricle 

Vertical axis—about 20° posteriorly 

Vertical height—about 6 cm 

Width—about 55% of length 

Helical rim—1- to 2-cm protrusion from skull 

Angle protrusion—21° to 30° 

Superior aspect—usually level with brow 

Other anatomy that makes ear offensive to family or patient 

One or more significant auricular landmarks of deformity 

Very poor antihelical fold 

Overdeveloped concha 

Abnormally formed scapha 

Obvious lack of superior and inferior crus surrounding fossa 
triangularis 


Comparative criteria 
Thickness of scaphal cartilage 
Stiffness of scaphal cartilage 
Symmetry of two ears 
Darwinian tubercles 

Other preauricular tags 
Documentary photographs 
Frontal view 

Oblique view 

Rear view 


Pitanguy Technique 

The Pitanguy technique (Fig. 191.7) uses a smaller island 
flap and a conchal setback suture (3). It is appropriate 
for use with patients who have only a small amount 
of antihelical cartilage. Again, this technique requires 
an experienced surgeon and carries a recurrence rate of 
4% (11). 
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Furnas Technique 

The Furnas conchalmastoid suture technique (Fig. 191.8) 
is an important procedure for reducing a conchal bowl, as 
part of any successful otoplasty procedure. When the con- 
chal bowl is too large, an island can be excised to narrow the 
dimensions of the bow] and to allow the proximal portion 
to lie firmly against the mastoid bone. The Furnas technique 
should always be used in conjunction with a conchal-reduc- 
ing technique. This technique helps to retract the auricle 
permanently. If the suture is placed too far anteriorly on the 
mastoid, it can cause some forward buckling of the conchal 
bowl at the os of the external canal, leading to partial dosure 
of the canal. To avoid narrowing the external auditory canal, 
it is important to remember to place the mastoid end of the 
conchalmastoid suture as far posteriorly as possible. These 
five otoplasty techniques are summarized in Table 191.2. 


Complications and Emergencies 


Four major complications can occur following otoplasty 
(Table 191.3). The most common complication is inad- 
equate correction, and patients and their families should be 
alerted to this possibility prior to the operation. A secondary 
operation may be required within a year, even when the ini- 
tial otoplasty has been performed by a well-trained surgeon. 

A hematoma is probably the easiest problem to detect 
and is often revealed during the first postoperative exami- 
nation. Simple drainage should treat this complication. 
Another complication is the “telephone ear” deformity, 
which is caused by too much flexion of the antihelix at a 
level equal to the midportion of the ear and inadequate 
flexion at the superior and inferior poles. This problem 
can be prevented by repeatedly checking the tension on 
all sutures during surgery. Reverse telephone ear can occur 
from overzealous tightening of the superior and inferior 
third of the ear. 


Figure 191.4 Technique of Mustardé. f 
A: Marking antihelical fold with meth- 

ylene blue. B: Placing horizontal mat- 

tress sutures. A 
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Figure 191.5 Converse technique of otoplasty. A: Postauricular incision and incision along 
antihelical fold. B: Sutures along antihelix. 
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Figure 191.6 Technique of Farrior. A: Postauricular incision with incision along antihelical fold, and 
conchal reduction. 
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Figure 191.6 (Continued) 


B: Sutures in place. 
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Figure 191.7 Technique of Pitanguy. 
A: Postauricular incision and creation of 
antihelical island flap. B: Conchal reduction 
sutures and sutures around island flap. 
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Figure 191.8 Conchal mastoid suture of Furnas. 


The most feared complication of otoplasty is chondritis. 
Infection of the cartilage after an otoplasty can cause per- 
manent, devastating changes in the anatomy of the auricle 
for which no viable solution exists. Therefore, any infec- 
tion should be treated promptly and aggressively with anti- 
biotics and possible incision and drainage. 


Clinical Indicators for Plastic Repair of the 
External Ear 


Strategy 
Indicators (one of the following) 
Congenital or traumatic amputation, defect, or 
deformity 
Reconstruction following resection of benign or 
malignant tumor 
Laboratory tests (as indicated) 
Other tests (as indicated) 
Type of anesthesia (as indicated) 
Location of service (as indicated) 
Process 
Criteria for discharge 
Recovery from anesthesia 
No bleeding 
Outcome 
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TABLE 


191.2 


Mustardé technique 
Advantages 
Very normal-appearing antihelical fold can be created, which 
sutures can hold indefinitely. 
Sutures also can be used to create good superior or inferior crus. 
Inexperienced surgeons can use this technique successfully. 
Disadvantages 
Incorrectly placed sutures will cause problems. 
Technique is not applicable for work in conchal bowl area. 


Converse technique 
Advantages 
Island of cartilage with normal-appearing fold can be created. 
More permanent retraction of auricle is facilitated. 
Gently curved and potentially more permanent correction of 
antihelix is permitted. 
Disadvantage 
Experienced surgeon must perform. 
Farrior technique 
Advantage 
Bend of antihelix is gentle. 
Disadvantage 
Experienced surgeon must perform. 
Pitanguy technique 
Advantage 
Patient can have small amount of antihelical cartilage. 
Disadvantage 
Experienced surgeon must perform. 
Furna conchal mastoid suture technique 
Advantage 
Permanent retraction of auricle is facilitated. 
Disadvantage 
Partial closure of os of external canal occurs. 


Results 

Adequacy of resection margin 

Treatment plan for malignant disease if found 
Follow-up 

Wound healing 

Cosmetic result 

Evidence of recurrence 

Counseling of patient regarding disease process 


Complications 
Chondritis (most feared) 
Inadequate correction (most common) 
Hematoma (easiest to detect) 
Emergencies 
Acute infection 


Hematoma 
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The American Academy of Otolaryngology-Head and 
Neck Surgery and the American Society for Head and Neck 
Surgery have published clinical indicators for surgical 
procedures. These clinical indicators are educational state- 
ments that have been drafted to assist surgeons in their 
practice and to promote discussion. These indicators are 
not practice guidelines nor do they represent standards of 
practice with which individuals must conform. 


CONGENITAL MALFORMATIONS 


Congenital malformations of the auricle are present in 1% 
of births today. Correcting a major congenital malforma- 
tion of the auricle is a true test of a plastic surgeon’s skills. 

The definition of microtia has been the subject of 
numerous publications, as clinicians have attempted to 
define the different grades that exist. This section focuses 
on the grades of microtia for which surgeons can initiate 
surgical reconstruction with a high degree of success. 

Tanzer (12,13) published the first article on auricular 
reconstruction using autogenous rib cartilage in 1959. 
Shortly after, in 1966, Cronin (14) popularized the use of 
Silastic as an implant material to reconstruct auricles. Brent 
(15), who first reported his work in 1974, is considered the 
world’s foremost authority on auricular reconstruction to 
date. 


Classification 


In 1988, Aguilar and Jahrsdoerfer (16) amended the 1926 
grading system of Marx, and in 1996, Aguilar (17) reaf- 
firmed this concise classification for congenital ear malfor- 
mations. Grade I is a normal ear. Grade II has some of the 
auricular framework present, but there are obvious defor- 
mities. Grade III is the standard “peanut ear” deformity, 
which encompasses anotia (Marx’s grade IV) (Fig. 191.9). 
The concomitant atresia complicates the classification 
schemes, yet many try to include it as a criterion: Altmann 
in 1955 (the first schema based on the temporal bone 
itself, looking at the status of the canal, tympanic bone, 
drum, and ossicles) and Lapchenko in 1967 and Gill in 
1969 (both set up a four-tier scale, examining the degree 
of middle-ear and external canal development and the 
presence of ossicular abnormality). Gill also incorporated 
into his system the degree of pneumatization of the mas- 
toid because this finding seemed to predict the relative suc- 
cess of operative interventions. Ombredonne, Nager, and 
Colman each sought to establish simplified and clinically 
practical systems based on Altmann’s original classifica- 
tion, but these systems were inconsistent at predicting out- 
come in those cases of major aplasia or group II anomalies. 
Fernandez said that Jahrsdoerfer’s 1992 system is a grading 
scale for selecting patients that would most likely benefit 
from attempts at repair of their atresia. He commended this 
scale for its “predictive power.” Furthermore, the benefit 
of the Jahrsdoerfer’s system is that it is not subject to 
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Figure 191.9 Grade Ill microtia. 


interobserver bias and allows for a quantitative analysis of 
the temporal bone and those structures deemed vital to the 
success of an operation. 

The Jahrsdoerfer scale, based on temporal bone CT 
findings, assesses nine different parameters that are used 
in making the determination of candidacy for surgery. 
Fernandez stated that the stapes and oval window complex 
account for 3 out of 10 points possible. Other parameters 
include the middle-ear cleft, facial nerve position, status of 
the ossicles and round window, and pneumatization of the 
mastoid. Scores of 6 through 10 range from marginal to 
excellent candidates for surgery, whereas a score of five or 
less usually points to a poor outcome. 

In 1974, Rogers (18) published a classification sys- 
tem that divided congenital auricular defects into four 
groups: 


1. Macrotia 
2. Lop ear 
3. Cup ear 
4, Prominent ear 


In 1977, Tanzer (19) proposed a clinical classification of 
auricular defects that has been well documented in virtu- 
ally all articles that have been published since then: 


1. Anotia 
2. Complete hypoplasia (microtia) 
A. With atresia of the external auditory canal 
B. Without atresia of the external auditory canal 


3. Hypoplasia of the middle third of the auricle 
4. Hypoplasia of the superior third of the auricle 
A. Constricted (cup and lop) ear 
B. Cryptotia 
C. Hypoplasia of entire superior third 
5. Prominent ear 


Weerda (20) from Europe in 1988 combined all of the 
classifications into a concise document. Definitions pro- 
posed by Marx and Tanzer and modified by Rogers (21) 
were presented. This system included surgical guidance for 
each classification: 


1. First-degree dysplasia. Average definition: Most structures 
of a normal auricle are recognizable (minor deformi- 
ties). Surgical definition: Reconstruction normally does 
not require the use of additional skin or cartilage. 

A. Macrotia 

B. Protruding ears (synonyms: prominent ears, bat ears) 

C. Cryptotia (synonyms: pocket ear, group IV B 

[Tanzer]) 

. Absence of upper helix 
Small deformities: Absence of the tragus, satyr ear, 
darwinian tubercle, additional folds (Stahl ear) 

E Colobomata (synonyms: clefts, transverse colo- 
boma) 

G. Lobule deformities (pixed lobule, macrolobule, 
absence of lobule, lobule colobomata [bifid lobule]) 

H. Cup ear deformities 
i. Type I: Cupped upper portion of the helix, 

hypertrophic concha, reduced height (syn- 
onyms: lidding helix, constricted helix, group IV 
A [Tanzer], lop ear, minor [mild or moderate] 
cupping) 

ii. Type II: More severe lopping of the upper pole 
of the ear; rib cartilage is used as support when a 
short ear must be expanded or the auricular car- 
tilage is limp. 

2. Second-degree dysplasia. Average definition: Some struc- 
tures of a normal auricle are recognizable. Surgical defi- 
nition: Partial reconstruction requires the use of some 
additional skin and cartilage (synonym: second-degree 
microtia [Marx]) 

A. Cup ear deformity, type IIL: The severe cup ear defor- 
mity is malformed in all dimensions (synonyms: 
cockleshell ear, constricted helix, group IV [Tanzer], 
snail-shell ear) 

B. Mini-ear 

3. Third-degree dysplasia. Average definition: None of the 
structures of a normal auricle are recognizable. Surgical 
definition: Total reconstruction requires the use of skin 
and large amounts of cartilage (synonyms: complete 
hypoplasia group II, peanut ear, third-degree microtia 
[Marx]); normally there is concomitant congenital atresia. 
A. Unilateral: One ear is normal; no middle-ear recon- 

struction is performed on any child; auricle recon- 

struction is begun at age 5 or 6 years. 


AO 
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TABLE DIAGNOSIS CONGENITAL 
191.4 | 8 MALFORMATION OF THE 
’ AURICLE 


Age of patient 
Grade of deformity 
Size of cartilage 
Atresia present 
Otologic evaluation 
Photographs 


B. Bilateral: Bone-conduction hearing aid before the first 
birthday; middle-ear surgery at age 4 years without 
transposition of the vestige; bilateral reconstruction 
of the auricle at age 5 or 6 years 

C. Anotia 


These recommendations can be questioned, however, 
and there are alternatives. For bilateral microtia, a bone- 
conduction hearing aid can be placed at birth. In addi- 
tion, even in bilateral cases, middle-ear surgery can follow 
the first two stages of auricular reconstruction rather than 
being the first procedure (22). Guidelines for diagnosis are 
listed in Table 191.4. 


Surgical Reconstruction of Auricular 
Deformities 


In cases of congenital microtia and concomitant atre- 
sia, there should be complete coordination between 
the otologist and the plastic surgeon. Aguilar, in 1996, 
(17) presented the concept of the Integrated Auricular 
Reconstruction Protocol. As shown in Table 191.5, microtia 
repair is accomplished in five stages. The work of the plas- 
tic surgeon should be performed first, and the operation 
should be staged to facilitate total reconstruction of the 
microtia—atresia complex. 

Despite advances made in technique and imaging 
in recent decades, disagreement remains on several key 
issues: the prime time for surgery in general, when to oper- 
ate on cases of unilateral atresia, and the operability of 
cases with severe craniofacial malformations. Most agree 


TREATMENT CONGENITAL 
MALFORMATION OF THE 
AURICLE 


Treatment 


Stage 


I Auricular reconstruction (creation of a cartilaginous 
framework with autogenous rib cartilage) 

ll Lobule transposition 

lll Atresia repair (by otologist) 

IV Tragal construction 

Vv Auricular elevation 
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that the earliest age to proceed is 4 to 5 years, thus allowing 
time for adequate mastoid and middle-ear pneumatiza- 
tion and increasing patient compliance with postopera- 
tive care. Also, most clinicians think that surgery should be 
instigated earlier in cases of unilateral atresia with evidence 
of cholesteatoma, infection, or very thin atresia plates. 
Opinions differ in regard to cases of grade II and II unilat- 
eral atresia in patients with normal hearing in the other ear. 
Jahrsdoerfer believes that the benefit of binaural hearing 
exceeds the risk of facial nerve injury and other complica- 
tions. De la Cruz also favors early operations on unilateral 
atresias if CT findings point to a favorable outcome. 

Correction of microtia should begin around the age of 
6 years, especially for unilateral cases, and the best material 
is autogenous costal cartilage. By this age, there is sufficient 
cartilage to permit surgical reconstruction, and the patient is 
psychologically able to cooperate with the necessary postop- 
erative care. Bilateral microtia and atresia cases can be started 
at an earlier age, but only if sufficient costal cartilage exists 
to form a new ear. Historically, use of other sources for the 
framework has failed. Neither irradiated cartilage nor Silastic 
has stood the test of time: irradiated cartilage reabsorbs, and 
Silastic tends to extrude with time. Furthermore, Silastic 
implants are notorious for their inability to withstand trauma. 

In 1997, Williams et al. (23) reported on the use of poly- 
ethylene (Medpor) implants in auricular reconstruction. 
These implants can be used to support skin grafts when 
used to reconstruct defects in auricular cartilage. Animal 
model revealed that these implants are well tolerated as 
replacements for native cartilage in auricular reconstruc- 
tion. Polyethylene implants tolerated wound exposure as 
early as 4 days after implantation and showed the ability to 
heal these wounds by secondary intention and to support 
skin grafts. Authors surmised that this is because of the 
extent of fibrovascular ingrowth from surrounding tissue, 
which allows the implant material to act more like native 
tissue and less like a foreign body in this setting. 

At the University of Antwerp (Wilrijk) in the year 2000, 
Somers (24), at a Politzer Society Meeting, described major 
breakthroughs in reconstructive surgery of the auricle, 
opening new possibilities in the rehabilitation of patients 
with an absent auricle. Somers reported on clinicians who 
had adopted 33 bone-anchored prostheses and performed 
22 total auricular reconstructions. These clinicians reported 
that the surgery for an episthesis, as long as the surgeon 
takes into consideration the conditions of osseointegration, 
is easy and has no major risks. Postoperatively, patients 
were satisfied with their prosthesis and wore it all day 
without discomfort. For the total auricular repair of major 
congenital malformations, two techniques were used: the 
Brent technique followed by the Nagata technique. The 
Brent technique was found to be safe with good results, 
but the modification by Nagata had two advantages: two 
operative stages instead of four and a better definition of 
the reliefs of structure as the antihelix, crus anterior and 
posterior, and antitragus tragus. As expected, results of total 
auricular reconstruction improved with experience. 
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Surgical Planning and Treatment 


Preoperative planning should include photographs of the 
patient. Most important is the proper preparation of the tem- 
plate. In unilateral cases, the template is based on the patient’s 
contralateral ear; in bilateral cases, the model is made from 
the mother’s ear. The site of implantation of the cartilage 
framework on the side of the head should be properly mea- 
sured to avoid malpositioning of the ear. 

If radiologic examination has not already been done, 
it should be ordered before surgery. A high-resolution CT 
scan of the temporal bones should be obtained. Although 
a CT scan is unnecessary for the microtia, it does provide 
important anatomical information to the surgical team. As 
a team, the plastic surgeon and the otologist should explain 
and discuss the entire course of the planned reconstruction 
to the patient and family before any surgical procedure. 

The auricular reconstruction (Figs. 191.10 to 191.12) 
is undertaken during stage I. Note that the dissection of 
the cartilage is extraperichondrial, and there is no strip- 
ping of perichondrium at any point during rib harvesting. 
Stainless-steel 5-0 wire is used to anchor the eighth rib to 
the sixth and seventh rib complex. This technique is popu- 
larized by Brent (25) and produces reliable results when 
performed by trained surgeons. The most common com- 
plication that can occur from stage I procedure is atelecta- 
sis; other complications include pleural tear (which should 
be appreciated intraoperatively in usual circumstances), 
pneumothorax, pneumomediastinum, chest wall aberra- 
tion, hypertrophic scarring, and pneumonia. 

Stage II involves lobule transposition and is shown in 
Figures 191.13 and 191.14 (Fig. 191.14 depicts the peanut ear). 
To avoid protrusion of the lobule, the incision on the back of 
the ear should be fairly high. The inferiorly based pedicle flap 
is quite thin; thus, great care should be taken in its handling. 


Costal cartilage 


Sculpt for 
helical rim 


. x q 7 
Sculpt for eq (3 


scapha complex | 


Figure 191.10 Harvesting ribs 6, 7, and 8. 


Costal cartilage 
from 6th and 7th ribs 


Costal cartilage 
from 8th rib 


Stage IIL, atresia repair by the otologist, should be under- 
taken after the first two stages of repair by the plastic sur- 
geon. The temporal bone remnant is in only one location; 
thus, the opening to that remnant can be made in only 
one location on the overlying skin. Therefore, it is quite 
easy to manipulate the framework and line it up where the 
otologist has drilled the canal. If the otologist drills the 
canal first, as a stage I procedure, the complication rate is 
significantly higher, and it is more difficult to place a car- 
tilage framework around an external canal. Moreover, the 
amount of scarring and the possible compromise to blood 
flow make complications harder to avoid. The maneuver- 
ing of the framework into the proper position on the side 
of the head is shown in Figures 191.15 and 191.16. 

Stage IV, tragal construction, is shown in Figures 191.17 
to 191.21. The composite cartilage is taken from the opposite 
side. Auricular elevation, stage V, is shown in Figures 191.22 
and 191.23. The reconstructed ear is shown in Figure 191.24. 


Framework implanted 
on side of head, 
deep to skin 


After template is 
outlined on skin, 
drain is placed 


Figure 191.12 Implanting framework on side of head. 
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Scapha and 
antihelical 
sulcus carved 
out of the base 


to form 


Figure 191.11 Sculpting 


framework. 


cartilage 


Complications 


Complications are possible during the surgical reconstruc- 
tion, as listed in Table 191.6. Placement of the cartilage graft 
causes severe strain on the overlying skin, which can cause 
skin necrosis. Skin necrosis of 1 to 2 mm can be treated by 
the application of ointment and careful observation until 
skin closure occurs. If the necrosis is greater than 5 mm, the 
proper course is closure using a pedicled temporal—parietal 
fascia flap and skin graft. Infection can result in reabsorp- 
tion of cartilage, and there may be improper placement of 
the framework. Any grafting procedure always involves the 


Necrotic 
vestige 


pedicle flap 
created 


Figure 191.13 Creating inferiorly based pedicle flap. 
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Figure 191.14 Transposing flap into framework. 


tisk of graft loss. Finally, the possibility of keloid forma- 
tion is higher when the graft is harvested from the abdo- 
men or the buttocks. Potential emergencies are listed in 
Table 191.7. 


CONCLUSION 


The surgery to correct auricular protrusion is more compli- 
cated than it appears. Complications can occur with each 
of the techniques described, even in the hands of experi- 
enced surgeons. The surgery always requires postopera- 
tive evaluation, and often the surgeon will not be totally 


Figure 191.16 Maneuvering frame- 
work into proper position. 
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Figure 191.15 Drill-out of temporal bone, creating canal. 


satisfied. Therefore, performing this surgery requires a 
commitment to continuing education and additional expe- 
rience. Surgical correction of congenital microtia requires 
commitment by the facial plastic surgeon, who should be 
performing more than five to ten operations per year to 
maintain proficiency. The team approach as described in 
this chapter is invaluable to the families; failure to offer 
this approach is a significant disservice to the patient. 
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Figure 191.17 Harvesting composite graft. Figure 191.18 J-type incision with anterior chin elevation. 


Figure 191.19 Placing composite graft and suturing anterior limb. Figure 191.20 Pull-up suture in place with tension. 


Figure 191.21 Thin graft in place posteriorly. Figure 191.22 Incision in postauricular area. 
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Figure 191.23 Elevating auricle and covering back with 
split-thickness skin graft. 


The future of auricular reconstruction includes the ever- 
burgeoning field of tissue engineering. The nexus of cell 
growth biology and cell scaffolding technology is rapidly 
changing the landscape of surgical options. Many proj- 
ects are being undertaken to develop biologic ear carti- 
lage framework (26-29) for implantation. However, the 
technology still has to overcome issues such as tissue rejec- 
tion and integrity of form. The use of autologous cartilage 
or synthetic implants will likely be the mainstay options 
for reconstruction in the foreseeable future. As with other 
components of the face, the ear is a very specialized struc- 
ture and once reconstructed will never have the same prop- 
erties as a native ear even in the best of hands. With the 
recent advances in composite tissue allotransplantation 
(30,31), itis possible that patients may receive an ear trans- 
plantation in the future for severe defects. 


Figure 191.24 Reconstructed ear. 
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TABLE 


191.6 


Skin necrosis overlying cartilage framework 

Chondritis 

Reabsorption 

Malposition of auricle implant 

Tissue breakdown of skin graft or of posterior aspect of ear 
Keloiding of donor incision site or skin-graft areas 


Emergency 


| Pneumothorax, pneumomediastinum, severe skin 
necrosis 

ll Lobule necrosis 

Ill None 

Chondritis 


m The decision to correct protruding ears is based on 
the angle of the auricle (greater than 30 degrees) and 
on other specific anatomic defects of the auricle. 

m The helical rim should be 14 to 18 mm above the 
mastoid skin at the middle and superior thirds. 

m The vertical axis of the auricle should be inclined 
approximately 20 degrees posteriorly. 

m A detailed checklist is extremely helpful during the 
preoperative evaluation. 

m The best age to perform the otoplasty surgery is 
5 or 6 years. 

m Mustardé sutures are horizontal mattress sutures 
used to create an antihelical fold. 

m= The Furnas technique must be used with caution. The 
conchal mastoid suture must be directed posteriorly 
to avoid narrowing the external auditory canal. 

m= The most feared complication is chondritis, which 
should be treated promptly with extensive antibi- 
otic therapy. 

m Each patient should be seen on the first day postop- 
eratively to allow early intervention for hematoma 
or infection. 

m Every patient and family should be informed of all 
risks and made aware that a second procedure may 
be required later (within a year). 


m Every surgeon should learn multiple approaches to 
otoplasty to be able to offer each patient the best 
chance for success. 

m Autogenous cartilage is best because there is no 
rejection and limited reabsorption. 

m= Materials such as Silastic and irradiated cartilage are less 
than satisfactory alternatives to autogenous cartilage. 

= Auricular reconstruction should be performed before 
atresia repair to preserve the integrity of the skin and 
the blood supply. Atresia repair should be performed 
after the plastic surgery, because this allows for the 
movement of the framework to the proper site. 

m Age 6 years is appropriate for unilateral microtia 
correction, both psychologically and anatomically. 

m The framework can be maneuvered to align the 
meatus and the canal. 

m The total reconstruction concept is important. 
A surgical team should be available to handle both 
the microtia and the atresia. 

m For best results, there should be cooperation with 
the otologist in the staging of the repair. 

m Surgeons performing auricular reconstruction 
should ensure that the cooperating otologist has 
completed the necessary audiologic evaluations. 

m Each surgeon undertaking auricular reconstruction 
should be committed to this surgery, performing 
more than 5 to 10 operations per year. 
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Chin Augmentation 


Jonathan M. Sykes 


The chin prominence is not present in any four-legged 
mammal (1). During evolution, with the adoption of an 
upright posture and with verticalization of the face, the 
chin became an important facial feature. The events con- 
tributing to the evolutionary development of the chin in 
humans are open to speculation; however, the importance 
of the chin in the overall appearance of the face cannot be 
overstated (2). 

Facial beauty arises from symmetry and balanced pro- 
portion of all facial features. Although standards of facial 
beauty are often determined by social media and are 
time-adjusted, certain elegant features are not affected 
by time trends. A strong and well-projected chin is one 
of those features. For this reason, it is not surprising that 
no United States president has ever had a weak chin. 
A strong chin helps support the soft tissues of the lower 
face, and a well-projected chin improves the cervical skin 
and contributes to a well-defined cervicomental angle (3). 

It is important to analyze the chin in three dimensions in 
order to determine if the deformity is horizontal, vertical, or 
related to transverse discrepancy or asymmetry (4). Surgical 
correction of aesthetic deformities of the chin can be per- 
formed either by chin augmentation with an implant or by 
osteotomy and advancement (or reduction) of the bony 
mentum (5). Simple horizontal deficiencies are often easily 
corrected with alloplasts. More complex problems of the 
mentum, such as transverse asymmetry or significant verti- 
cal dysmorphia, usually require bony osteotomy of the men- 
tum (genioplasty) with repositioning of the chin into a more 
ideal three-dimensional position. This chapter outlines the 
pertinent anatomy and classification of chin deformities and 
describes an algorithm for correction of these problems. 


Careful analysis of the face and chin is important in order 
to choose and execute the correct procedure. Specifically, 
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the chin should be evaluated as it relates to other skeletal 
and soft tissue structures, including the lips, teeth, nose, 
and soft tissues of the neck. A detailed history of past 
trauma, orthodontic treatment, or prior oral surgery is 
essential. This is important because many patients with 
dental malocclusion and underlying facial skeletal abnor- 
malities are treated with orthodontics. Orthodontic ther- 
apy may correct the malocclusion, but does not address the 
underlying facial skeletal deformity (Fig. 192.1). It is also 
important to identify any past dental extractions, as these 
can impact future surgical decisions. Lastly, it is important 
to identify and discuss any temporomandibular joint dys- 
function (TMD). Although chin surgery does not directly 
affect the occlusion, any significant TMD can alter the deci- 
sion to perform mentoplasty. 

Physical examination of the chin should include inspec- 
tion and palpation of the chin itself and of the adjacent 
structures such as the lips, teeth, and nose (6). The entire 
face should be observed at rest and during animation to 
evaluate the mentalis soft tissue mound and its support. 
In many patients with either horizontal or vertical micro- 
genia, the mentalis muscle hypertrophies in an effort to 
create lip competence (7). Overworking of the mentalis 
muscle causes dimpling of the chin and is referred to as 
“mentalis strain” (Fig. 192.2). This condition is often asso- 
ciated with open bite deformities and/or microgenia. 

Evaluation of patients being considered for chin surgery 
should include three-dimensional analysis of the chin: 
(a) vertical (superior-inferior), (b) horizontal (anterior- 
posterior), and (c) transverse. Analysis should consist of 
systematic inspection, clinical photographs, and possible 
radiographic examination (8). 

The evaluation of all patients for possible chin surgery 
should include consistent and reproducible clinical pho- 
tographs in three views: AP (frontal), lateral (profile), and 
oblique. These photographs allow analysis of the contour 
and projection of the chin as it relates to the lips, nose, 


labiomental groove, and soft tissues of the neck. If the 
physical evaluation and clinical photographs show a minor 
deformity requiring augmentation with an alloplast, radio- 
graphs of the chin are usually not necessary. However, if 
the deformity is more complex (e.g., vertical chin excess 
with horizontal deficiency or transverse bony asymmetry), 
radiographic analysis is essential. 

Radiographic evaluation of the chin routinely includes a 
panoramic radiograph (Panorex) (Fig. 192.3) and cephalo- 
metric radiographs in the AP and lateral views (Fig. 192.4A 
and B). The panoramic radiograph shows the cortical out- 
line of the mandible and the vertical mandibular height. 
The Panorex also delineates the position of the tooth roots 
and of the inferior alveolar canals and mental foramina. 
It is important to know the exact position of the mental 
foramen and canal preoperatively so intraoperative dam- 
age to the mental nerve can be prevented (9). The inferior 
alveolar nerve, a branch of the third division of the fifth 
(trigeminal) cranial nerve, travels through the mandibular 
canal and exits the mental foramen as the mental nerve 
(10). The mental nerve supplies sensation to the skin and 
mucous membranes of the lower lip and chin. The man- 
dibular canal is often located 2 to 3 mm below the level 
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Left: Lateral photograph of a 
23-year-old patient who underwent orthodon- 
tic therapy as an adolescent. The patient's 
occlusion was class |, but the skeletal chin 
deficiency remained. Right: Postoperative 
image of the patient after chin augmentation 
with alloplast. 


of the mental foramen. Bony osteotomies should therefore 
be performed at least 5 mm below the mental foramen to 
avoid injury to the neurovascular bundle. 

If orthognathic surgery is considered with bony genio- 
plasty, AP and lateral cephalometric radiographs should 
be performed. These radiographs allow analysis of skeletal 
and soft tissue key points, which can be used to predict 
bony movements after skeletal surgery. The AP cephalo- 
metric radiograph allows identification of transverse asym- 
metries of the chin. Transverse asymmetry of the chin may 
be associated with more global facial asymmetry (hemi- 
facial microsomia) or with a syndrome such as oculoau- 
ricular vertebral (OAV) spectrum, or may be isolated (Fig. 
192.5). It is very important to identify chin asymmetries 
and discuss them with the patient preoperatively. If chin 
augmentation is performed with an alloplast implant and 
the asymmetry is not considered, the asymmetry may be 
magnified. 

Lateral cephalometric radiographs provide a soft tis- 
sue and skeletal profile upon which key landmarks can 
be recognized. The radiograph is with the patient’s head 
being stabilized with a headholder in a fixed position at a 
fixed distance from the radiograph machine (Fig. 192.6). 


Upper left: A preoperative 
frontal photograph of a woman with men- 
talis muscle strain secondary to microgenia. 
Lower left: A lateral preoperative view is 
shown. Upper right: A frontal postoperative 
view is shown. The patient has undergone a 
chin augmentation with an alloplast with res- 
olution of the mentalis strain. Lower right: 
A lateral view of the postoperative result is 
shown. 


Figure 192.3 A panoramic radiograph is shown. 


The head is stabilized with the Frankfort horizontal (from 
the porion [the superior aspect of the external auditory 
canal] to the infraorbitale [the inferior orbital rim]) being 
parallel to the ground. The standardized radiograph pro- 
duced allows identification of a series of bony and soft tis- 
sue landmarks from which various facial analyses can be 
performed. 

The facial analyses created from the lateral cephalomet- 
ric radiograph produce a two-dimensional prediction of 
the new postoperative chin position. Various analyses have 
been described including Ricketts, Burstone, Gonzalez- 
Ulloa and Stevens, and others. Each of these evaluation 
methods has positive and negative aspects. The Ricketts 
analysis, for instance, uses a tangent connecting the soft tis- 
sue pogonion (most projecting point) of the chin with the 
most projecting point of the nasal tip (Fig. 192.7). In this 
system, the upper lip should lie about 4 mm behind the 
line, whereas the lower lip is ideally located 2 mm behind 
the line. While the Ricketts analysis correctly evaluates 
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the lower face in profile, it places great importance on 
the projection of the nasal tip. The Steiner analysis uses 
the columellar inflection point (“S”) to identify the cor- 
rect position for the chin point (8). This method places 
importance on the lip position. The Holdaway “H” angle 
relates the position of the soft tissue pogonion with impor- 
tant skeletal points on the mid and lower face. No single 
analysis is ideal, but each method attempts to determine 
the “ideal” positions for the soft tissues and skeleton of 
the chin because these structures relate to the remainder 
of the face. 

The aesthetic unit of the chin and upper and lower 
lips should occupy one-third of the vertical facial height 
(Fig. 192.8). The lower facial third height can be obtained 
by measuring the distance between the soft tissue subna- 
sale and the soft tissue gnathion. If this distance is greater 
than one-third of the overall facial height, vertical mac- 
rogenia exists. If the distance is less than one-third of the 
facial height, vertical microgenia can be diagnosed. The 
lower facial third can be further subdivided into subunits 
that will indicate specifically from where the increase or 
decrease in vertical height originates. Two methods exist 
for subdivision of lower facial heights (Fig. 192.9). The 
first includes a vertical third from subnasale to upper lip 
stomion and two thirds from upper lip stomion to the men- 
ton. The second method divides the lower third into two 
equal parts, from the subnasale to the vermilion border of 
the lower lip and from the lower lip vermilion border to the 
gnathion. All of these analyses relate the height of the 
chin and lower face to the total facial height. In com- 
plex chin deformities, a vertical discrepancy as well as 
a horizontal deficiency or excess may often be present 
(Fig. 192.10). 


Figure 192.4 A: A frontal cephalometric radiograph is shown. B: A lateral cephalometric radio- 
graph is shown. 


Photograph of a 25-year-old female with hemifa- 
cial microsomia. A vertical line has been drawn through the center 
of cupid’s bow of the upper lip, demonstrating how the chin devi- 
ates to the affected smaller facial side. 


Another parameter that must be analyzed is the 
transverse dimension of the chin. The transverse dimension 
can be measured by chin width. The chin can be wide 
or narrow, and, if asymmetry exists, the midline of the 
chin may not be aligned with the skeletal midline of 
the remainder of the face. Transverse asymmetries of the 
chin exist in many patients with congenital anomalies, 
such as hemifacial microsomia or OAV spectrum. This 
congenital malformation is often associated with unequal 
lengths of the mandibular bodies. In patients with this 
anomaly, the chin midpoint usually points to the shorter 
mandibular side (and the smaller side of the face). If a 
symmetric chin implant is used in a patient with horizon- 
tal chin deficiency and transverse asymmetry, the horizon- 
tal deficiency may be corrected, but the chin asymmetry 
may be accentuated. AP cephalometric radiographs allow 
a comparison of the bony midline of the chin with the 
dental midlines of the maxilla and the mandible. If the 
skeletal and soft tissue midline of the chin are not aligned 
with the dental midlines and with the upper facial skeletal 
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A patient in a cephalostat is shown (fixed head 


holder). 


midline (e.g., nasion), an asymmetric bony genioplasty or 
chin implant can be performed. 

Evaluation of the chin requires careful analysis of both 
the bony architecture and the soft tissues. Clinical photo- 
graphs allow evaluation of the soft tissues. Radiographs 
allow various bony analyses, which enable the surgeon to 
choose the approach and technique to camouflage, mini- 
mize, or correct the deformity. No single analysis precisely 
identifies every deformity, and no one procedure corrects 
every chin defect. The surgeon should use a combination 
of methods to evaluate the chin. 


Classification of Chin Deformities 


Deformities of the chin and lower face may be related to 
either bony abnormalities or soft tissue malposition. The 
chin should be analyzed in all three planes of space: hori- 
zontal (AP), vertical (superior-inferior), and transverse. 
The horizontal and vertical dimensions can each be defi- 
cient, normal, or excessive (11). Simple deformities such as 
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Tangent 
to nose 


Ricketts 


Figure 192.7 Line drawing of the Ricketts analysis showing a 
tangent between the nasal tip and the most anterior projecting 
point (pogonion). 


Figure 192.8 A line drawing illustrates the divisions of the face 
into thirds. The upper third is drawn from the trichion (tr) to the 
glabella (gl). The middle third is drawn from the glabella to the sub- 
nasale (sn). The lower third is drawn from the subnasale to the gna- 


thion (gn). 
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Figure 192.9 Two methods of lower facial analysis are shown: 
(1) The lower face can be divided by a 1/3 ratio from the subnasale 
to the stomion. The remaining 2/3 of the lower face is drawn from 
the stomion to the gnathion. (2) The lower face is divided into an 
upper half from the subnasale to the lower lip vermilion cutaneous 
junction, and a lower half spanning from the vermilion cutaneous 
junction to the gnathion. 


mild horizontal chin deficiency (microgenia) are easily cor- 
rected using either an implant or bony advancement. More 
complex deformities, such as in a patient with horizontal 
deficiency and vertical excess, usually require horizontal 
osteotomy for adequate correction. 


Figure 192.10 A lateral photograph of a patient is shown dem- 
onstrating vertical chin height excess and horizontal chin height 
deficiency. 


Horizontal chin deficiency is often associated with a 
small or posteriorly positioned mandible (retrognathia) or 
may involve only a small chin (microgenia). Patients with 
retrognathia often have associated class I] malocclusion. 
Horizontal chin excess is often associated with a large or 
anteriorly positioned mandible (prognathia) or may involve a 
large mentum only (macrogenia) (Fig. 192.11). Patients with 
mandibular prognathia often have class III malocclusion. 

Soft tissue deformities of the chin and submental 
region also exist. Ptosis of the soft tissues of the chin often 
accompanies other signs of facial aging. This condition, 
commonly called witch’s chin or senile chin deformity, 
is caused by a weakening of the muscular attachments of 
the mentalis and depressor labii inferioris muscles. In this 
deformity, the soft tissue pad of the chin falls below the 
mandibular line, and a deep horizontal crease develops in 
the submental region. Descent of the soft tissue chin pad 
is accentuated with smiling. This deformity can be inadver- 
tently created or worsened surgically if the mentalis mus- 
cles are not reapproximated while inserting a chin implant. 


Selection of Procedure 


Various procedures exist for correcting aesthetic chin defor- 
mities. These include placement of an alloplast, osteotomy 
and repositioning of the bony mentum (genioplasty), and 
repositioning of the soft tissues of the chin (12,13). The 
selection of the best procedure to correct a given deformity 
of the chin should be based on the type and extent of the 
deformity. 

In patients with horizontal chin deficiency (micro- 
genia), augmentation with an alloplast implant is a 
simple and effective method to increase chin projection 
and enhance the profile. In more complex deficiencies, 
including patients with suboptimal vertical chin height 
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Figure 192.11 Lateral cephalometric radio- 
graph and lateral photograph of a patient 
with significant vertical macrogenia and man- 
dibular prognathia. 


or transverse asymmetries, alloplasts are less effective and 
often do not entirely correct the three-dimensional defor- 
mity. In cases of horizontal deficiency and vertical excess 
(patients with a steep mandibular plane), a chin implant 
may correct the horizontal deficiency, but exacerbate the 
vertical excess. For these reasons, implant augmentation is 
an effective method of camouflage for minor chin deformi- 
ties, but may not be satisfactory for complex deformities. 

Osteotomy of the bony mentum (osseous genioplasty) 
is a versatile and reliable procedure for correcting a vari- 
ety of skeletal chin deformities. First described by Hofer in 
1942, this technique involves horizontal osteotomy and 
downfracture of the chin, with repositioning and fixation 
of the distal segment. Osseous genioplasty allows advance- 
ment or retrusion in the AP direction as well as lengthen- 
ing or shortening in the vertical direction. Additionally, the 
genioplasty procedure provides an approach for correction 
of transverse asymmetries of the chin. Although custom- 
ized chin implants can be made to correct chin asymme- 
tries, preformed implants are usually symmetrical. 

Correction of soft tissue ptosis has been described. The 
technique involves the removal of an ellipse of submen- 
tal skin, creation of a flap of chin soft tissue, and advance- 
ment and plication of the soft tissue flap inferiorly. This 
technique tightens the soft tissue pad and obliterates the 
horizontal submental crease. However, the soft tissue 
pogonion is effectively moved posteriorly, and some form 
of simultaneous augmentation (implant or bony advance- 
ment) is usually required. 


Surgical Procedures 


Chin Augmentation with Alloplast Implant 
Placement of a chin implant may be easily performed 
through either an intraoral or a submental approach. If other 
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central neck procedures, such as submental liposuction, 
are being performed simultaneously, a submental incision 
provides access to both the central neck and the mentum. 
Additionally, either general anesthesia or local anesthesia 
with intravenous sedation may be used in placement of an 
alloplast chin implant. 

Prior to anesthetizing the chin, the midline soft tissues 
of the lip, chin, and thyroid cartilage are marked to ensure 
midline placement of the implant. Infiltration of the soft 
tissues of the chin with Xylocaine 1% with 1:100,000 
epinephrine is then performed to obtain anesthesia and 
vasoconstriction. It is important to avoid overinflation 
and distortion of the soft tissues of the chin with local 
anesthetic. After anesthetic infiltration, the entire face is 
prepped and draped. 

Placement of a chin implant can be performed through 
an intraoral or submental approach. A submental approach 
is often used as this approach allows access to the ante- 
rior neck for liposuction and/or platysmaplasty. If a neck 
procedure is being performed, the neck will be completed 
prior to definitive placement of the chin implant. 

A 2-cm incision is made just inferior to the submental 
crease (Fig. 192.12). The incision is placed in this area to 
avoid exposing the scar after the stretching of the soft tissues 
that naturally occurs after implant placement. Sharp dissec- 
tion is performed through the inferior chin soft tissues and 
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Figure 192.12 Schematic diagram of submental incision. 
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Figure 192.13 The area over the mandible that is shaded illustrates 
the extent of undermining performed for chin implant placement. 


the mentalis muscle (Fig. 192.13). The periosteum is left 
over the central mentum. Two vertical incisions are made 
through the periosteum 2 cm lateral to the midline. Bilateral 
subperiosteal dissections are performed to allow place- 
ment of the lateral wings of the implant (Fig. 192.14). The 
advantage of placing an implant beneath the periosteum is 


Figure 192.14 Placement of a chin implant is shown with the lat- 
eral phalanges lying deep to the periosteum and the middle por- 
tion of the implant in the supraperiosteal plane. 


improved fixation of the implant. However, subperiosteal 
placement has been shown to result in some erosion of the 
anterior mandible. For these reasons, most surgeons advo- 
cate dissection in the supraperiosteal plane centrally, with 
subperiosteal placement laterally. This will theoretically 
minimize mandibular erosion, while maximally fixing the 
implant. The subperiosteal dissection is accomplished infe- 
rior to the mental foramina to avoid injury to the mental 
nerves. The size and exact location of the implant pocket 
created is crucial and often determines the success of the 
procedure. If the implant pocket is too small, the implant 
can deform, create irregular contours, or not adhere to the 
underlying bony mentum. If the pocket is too large, the 
implant may migrate from the desired midline location and 
heal in an improper position. 

The type, shape, and size of the chin implant used is 
based on physician preference and individual patient ana- 
tomical variation. Common implants used for chin augmen- 
tation include expanded polytetrafluoroethylene, silastic 
(solid silicone), high-density polyethylene (Medpor), and 
various meshed materials (Mersilene). The implant used 
should be biocompatible and able to contour well to the 
underlying mandible curvature. The style of the implants 
used includes narrow “button” implants and extended or 
anatomical implants. Extended implants have the advan- 
tage of not being as apparent if 1 to 2 mm of displace- 
ment occurs. Smaller, central implants are more obvious 
if slight postoperative displacement of the implant occurs. 
Additionally, an extended implant is preferred over a nar- 
rower, button-style implant, as the wider profile of the 
extended implant achieves fullness in the pre-jowl region in 
addition to increasing the projection of the central mentum. 
A lack of fullness in the pre-jowl region often contributes to 
an aged or tired look, and augmenting this region helps reju- 
venate the lower face. 

The size of the implant used is related to the patient's 
individual chin shape and size. In general, chin augmenta- 
tion is used to balance the appearance of the lower facial 
third in relation to the remainder of the face. Prior to 
placing the actual implant, a “sizer” can be placed into the 
created pocket and the skin redraped (Fig. 192.15). This 
maneuver allows the surgeon to determine if the proper 
size implant has been placed and the appropriate augmen- 
tation achieved. Once the proper implant size is chosen, 
the implant is soaked in antibiotic solution and placed 
into the prepared pocket. 

After placement of the implant, the mentalis muscles 
should be reapproximated and the soft tissue resuspended 
meticulously. If the mentalis muscle is not carefully 
realigned, postoperative ptosis of the soft tissues of the chin 
may occur. Closure of the mentalis muscle is performed 
with a No. 4-0 braided absorbable suture. The subcutaneous 
tissues and dermis are reapproximated with a No. 5-0 chro- 
mic suture, followed by skin closure with an interrupted 
No. 6-0 monofilament nonabsorbable suture (Fig. 192.16A 
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Figure 192.15 Typical size of an extended chin implant with 
small, medium, large, and extra-large sizes. The photograph shown 
is of implant sizers (blue in color). 


and B). A secure chin strap dressing is placed for 3 days to 
ensure immobility of the implant. Perioperative antibiotics 
are used for 48 hours. 

If an intraoral approach is used, the gingivolabial inci- 
sion can be either horizontal or vertical. In either case, 
dissection through the mentalis muscles again occurs 
with placement of the implant in a supraperiosteal plane 
centrally and a subperiosteal pocket laterally. Closure is 
accomplished in two layers with the muscle closure achiev- 
ing soft tissue resuspension. A chin strap dressing is used 
for 3 days to secure the position of the implant. 


Osseous Genioplasty 
First described in 1942 by Hofer, and then popularized by 
Converse and Wood-Smith in 1964, osseous genioplasty 
has been developed as a versatile technique in correction of 
both deficient and excessive chin deformities. Genioplasty 
can be performed under general anesthesia or intravenous 
sedation with mentalis nerve block. If general anesthesia is 
used, nasotracheal intubation is preferred; however, if rhi- 
noplasty is to be performed with the genioplasty, orotra- 
cheal intubation should be used. 

An intraoral approach is used with a gingivolabial inci- 
sion from one canine tooth to the other (Fig. 192.17). The 
incision is made on the labial side of the gingivolabial 
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A: Frontal photographs 
of a patient who underwent a chin implant 
and rhinoplasty. B: Lateral preoperative and 
postoperative photographs of a patient who 
underwent a chin implant and rhinoplasty. 


An intraoral incision is marked in the gingivolabial 
mucosa of a cadaver. 


Figure 192.18 A dissection through the mentalis muscle and 
down to periosteum is shown in preparation for genioplasty. 


sulcus to allow an adequate mucoperiosteal soft tissue 
cuff for wound closure. Sharp dissection is performed 
directly through the mentalis muscle and mandibular 
periosteum (Fig. 192.18). A subperiosteal dissection is 
then performed with exposure of both mental nerves (Fig. 
192.19). A small inferior segment of soft tissue is pre- 
served over the central segment (bony mentum) of the 
mandible to provide vascular supply to the distal segment 
after osteotomy. 

After the lateral subperiosteal dissection is completed, 
the proposed osteotomy is carefully measured and 
marked. The bony midline is vertically inscribed with a 
side-cutting burr to allow the proximal and distal segments 
to be precisely aligned after osteotomy and repositioning 
(Fig. 192.20). The osteotomy site is then measured and 
marked with calipers to ensure a symmetrical osteotomy 
(Fig. 192.21A and B). The horizontal osteotomy should be 
placed below the level of the tooth roots to prevent dental 
injury (Fig. 192.22). 


Figure 192.19 Cadaveric dissection of a subperiosteal plane 
exposing the left mental nerve. 
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Figure 192.20 Cadaveric dissection showing vertical marking of 
the midline to facilitate realignment after chin repositioning. 


The change created by bony osteotomy and reposition- 
ing of the chin should be determined by careful preop- 
erative analysis. The chin can be vertically lengthened or 
shortened, horizontally advanced or retruded, or rotated 


Figure 192.21 A: Cadaveric dissection showing a horizontal 
marking at the level of the planned osteotomy. B: A schematic 
illustration is shown using calipers that are used to measure the 
osteotomy site. 
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A cadaveric dissection is shown in which a hori- 
zontal osteotomy has been performed approximately 5 mm infe- 
rior to the mental foramen. 


to correct transverse asymmetries. This treatment plan will 
affect the orientation of the osteotomy as well as the actual 
movement after the osteotomy. If only AP advancement 
is needed, the osteotomy is made with a horizontal ori- 
entation. If vertical movement (shortening) is needed in 
addition, the osteotomy is made in a more oblique orien- 
tation. An oblique osteotomy allows some vertical short- 
ening because the distal segment is advanced. If the chin 
length is excessive and significant shortening is planned, 
two oblique osteotomies are made and the intervening 
bone is removed. 

After the osteotomy is marked, the bone cut is created 
with either a reciprocating or an oscillating saw blade ina 
lateral-to-medial direction. The lateral extent of the oste- 
otomy should be made at least 5 mm below the mental 
foramen to avoid injuring the mental nerve. Gentle digi- 
tal pressure is used to downfracture the bony segment. 
A small amount of soft tissue must usually be separated 
from the posterior aspect of the distal segment to facilitate 
movement. 

Repositioning of the distal segment is performed 
according to the preoperative treatment plan. If vertical 


A photograph of a cadaveric dissection demon- 
strating parallel osteotomies and removal of bone (ostectomy) for 
vertical chin reduction. 


Cadaveric rigid fixation of the mentum in a verti- 
cally short chin after placement of bone grafts. 


lengthening is required, grafts are placed using autogenous 
bone or allogenic bone. If vertical shortening is planned, a 
second parallel osteotomy is made above the first, or the 
intervening bone is burred away (Fig. 192.23). After the seg- 
ment is repositioned, it is fixed in position using adaptation 
plates, positional screws, or interosseous wires (Fig. 192.24). 
Adaptation plates can be preshaped and provide excel- 
lent fixation. The soft tissues of the chin and lips are then 
replaced, and the new contour is assessed (Fig. 192.25). 
The wound is closed in two layers with care taken to 
resuspend the soft tissues of the chin. Interrupted No. 3-0 
catgut is used for the mentalis muscle, and a running lock- 
ing stitch of No. 3-0 chromic catgut is used for the mucosa. 


« 


AP, oblique, and lateral preoperative (upper row) 
and postoperative (lower row) photographs of a woman after septo- 
rhinoplasty and bony genioplasty with lengthening and advancement. 


Figure 192.26 Close-up frontal photograph of a patient with a 
malpositioned chin implant. 


A pressure chinstrap dressing is applied for 5 days, and the 
patient should eat a soft diet for 2 weeks. 


Complications 

Complications after chin augmentation with an alloplast 
implant are uncommon. They include hematoma, infec- 
tion, dysesthesias or anesthesia, and implant malposition. 
Hematoma and infection are rare and can be avoided with 
meticulous hemostasis. Sensory nerve disturbances can be 
minimized with careful anatomic technique. Implant mal- 
position can be avoided by careful creation of an appro- 
priate-sized implant pocket (Fig. 192.26). Chin implants 


Figure 192.27 Lateral radiograph of a patient with a malposi- 
tioned (too superior) chin implant with subsequent bony resorption. 
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commonly cause mild bony erosion of the anterior mandi- 
ble (Fig. 192.27). However, this erosion is rarely clinically 
significant and does not usually cause cosmetic deformity. 
Finally, mentalis muscle dyskinesis can occur from routine 
elevation and repositioning of the mentalis muscle. This 
condition is well treated with 2 to 5 units of botulinum 
toxin. 

Complications after bony genioplasty also are rare 
and include hematoma and sensory nerve dysesthesias. 
Additionally, intraoral wound dehiscence can occur. The 
incidence of dehiscence is low and can be minimized by a 
careful, layered closure. Plate exposure and infection can also 
occur. Mentalis muscle dyskinesis also occurs (with an inci- 
dence of 5% to 10% post-chin implant or genioplasty) and 
can be again treated with injection of 2 to 5 units of botuli- 
num toxin. 


SUMMARY 


The chin plays an important role in the profile and overall 
facial appearance. In order to evaluate the chin, analysis of 
the chin as it relates to other facial features should be per- 
formed. Three-dimensional evaluation of the chin includes 
visual inspection, photographic analysis, and radiographs. 

Augmentation of the chin can be performed either with 
placement of an alloplast implant or with osteotomy and 
movement of the bony mentum. While placement of an 
implant is a simple procedure and corrects horizontal chin 
deficiency, bony genioplasty can correct chin deformities 
in all 3 dimensions. Additionally, bony genioplasty can 
also correct both horizontal and vertical macrogenia. If 
carefully performed, chin augmentation with an implant 
or genioplasty can dramatically improve the appearance of 
patients with chin deformities. 


m The chin plays an important role in the facial profile 
and in overall facial appearance. 

m The chin should be evaluated as it relates to other 
adjacent structures, such as the lips, nose, and teeth. 

m It is crucial to evaluate the chin in 3 dimensions: 
horizontal (AP), vertical, and transverse. 

m Horizontal chin deficiency (microgenia) may be 
associated with class Il malocclusion, while chin 
excess (macrogenia) may be associated with class II] 
malocclusion. 

= Horizontal chin deficiency may be camouflaged by 
an alloplast implant. 

=m Bony osteotomy of the mentum (genioplasty) can 
correct vertical and transverse chin deformities. 

m Complications of chin surgery include infection, 
implant malposition, extrusion, and persistent cos- 
metic deformity. 
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Redefining Skin 
Resurfacing: The Hetter 


Chemical Peel 


As medical advancements have increased not only our life 
span but also our quality of life, it is natural to expect a 
greater public desire to undo the untoward effects of sun- 
light, age, and genetics. This has created a myriad of unsub- 
stantiated skin care products, and practitioners of wonder 
technologies promising unrealistic end results. Chemical 
peeling has withstood both the harshest critics of safety 
and of results. Starting with lay peelers in the early 20th 
century, chemexfoliation has provided not only a stal- 
wart treatment for practitioners of skin rejuvenation but 
also the standard by which other modalities are judged. 
Various chemical formulations have provided treatment 
for rhytids, lentigos, dyschromias, and actinic damage. 
The goal of this chapter is to address some more recent 
changes in chemical peel techniques; to uproot some old, 
outdated tenets; and to discuss the versatility of Hetter 
chemical peels. 


The history of chemical peeling did not begin in the hands 
of physicians but rather in those of the lay peelers. In the 
1920s, Hollywood was the fertile ground for these early 
practitioners as the stars of early motion pictures wished 
to maintain both a youthful appearance and career lon- 
gevity. It was not until the 1950s and 1960s when phy- 
sicians wished not only to learn these practices but also 
to wrestle them away from prominent lay peelers trained 
by Jean DeDesly and Antoinette LaGasse. Gregory Hetter, 
in his four-part series in 2000, eloquently describes a 
detailed history of the passing of the chemical peeling art 
from the lay peelers to the plastic surgeons of the 1950s 
and 1960s. 

As chemical peeling transformed to the realm of medi- 
cal science, much literature was produced regarding the 
experiences of plastic surgeons. Not all experiences were 
matched with scientific scrutiny. Instead, in some cases, 
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dogma was written and adhered to for decades. Much of 
this dogma was born out of the use of the Baker-Gordon 
phenol-croton oil formulation (Table 193.1), the earliest 
formula widely used by physician peelers. 


Defining an individual patient’s suitability for chemical 
peeling is paramount for the cosmetic surgeon. Not only 
does the patient need to be physically suitable for the peel 
but also the patient needs to have appropriate expectations 
of what the peel can accomplish. Rhytids and photodam- 
age must be distinguished from age-related gravitational 
changes, jowling, and facial fat volume loss. 

The ideal chemical peel patient is one with fair skin, 
blue eyes, and mild, shallow rhytids. However, this only 
represents a minority of the patients who will present 
seeking treatment for rhytids and photodamage. In order 
to help define the patient’s skin type, the Fitzpatrick scale 
(Table 193.2) is most often employed. Patients can also be 
rated by their skin type, complexion, skin texture, thick- 
ness, and photoaging. A useful categorizing scheme is the 
one described by Glogau (Table 193.3). 

The patient's medical history and lifestyle must be thor- 
oughly discussed prior to the planning stages of the peel. 
Relative contraindications for any resurfacing procedure 
include cutaneous radiation history, smoking, active or fre- 
quent herpes simplex virus (HSV) infections, diabetes mel- 
litus, or a history of hypertrophic scar formation or keloids. 
Birth control pills, exogenous estrogens (including soaps 
and cosmetics containing lavender oil), or photosensitiz- 
ing drugs are to be avoided due to risks of hyperpigmen- 
tation. Due to elevated estrogen levels of pregnancy, the 
patient should not have plans to become pregnant within 
the first 6 months after the chemical peel (1). 

Lifestyle and habitual activities, more specifically, sun 
exposure and smoking, should be addressed. Due to the 
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TABLE 


193.1 
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Ingredients Baker-Gordon Solution Original Baker Formulation 
Phenol USP 88% 3mL 5 mL 

Distilled water 2mL 4mL 

Croton oil (27 guttas = 1 mL) 3 guttas 3 guttas 

Septisol 8 guttas 8 guttas 


microvascular damage that ensues from nicotine, a chemi- 
cal peel in the face of chronic smoking can lead to poor tis- 
sue healing and poor cosmetic results. Practitioners should 
be honest and frank regarding the risks of smoking, and 
a cessation program should be recommended. Smokers 
should stop smoking 1 month prior to a chemical peel and 
should avoid smoking for at least 6 months after the peel. 
Ultraviolet light (UV) exposure can be equally problematic 
in the postoperative period. A patient's habitual sun expo- 
sure should be assessed prior to proceeding with the peel. 
The patient should be advised that chronic or frequent sun 
exposure should be avoided after the chemical peel. If this 
is unacceptable to the patient, the practitioner should con- 
sider other options and not perform a peel. 

Isotretinoin (Accutane) use is an absolute contraindi- 
cation to chemical peeling or any other resurfacing proce- 
dure. Postpeel reepithelialization relies upon the epidermis 
within hair follicles and sebaceous glands. Isotretinoin pre- 
vents reepithelialization from these locations. Most recom- 
mendations include a cessation period of oral isotretinoin 
for 12 to 24 months prior to the peel. 

The patient's expectations should be clarified and agreed 
upon with the practitioner. The patient’s axillary skin can 
often well represent the final product of a chemical peel, as 
long as that area has not had excessive UV light exposure 
over the patient's lifetime (2). 


PREPEEL PREPARATION 


Proper skin preparation is essential and contributes to 
optimizing results and minimizing complications. 
Preoperatively, the use of sunscreens which block UVA and 
UVB irradiation will decrease melanocyte activity and pre- 
vent skin tanning and sunburns. Sunscreen usage should 
begin 3 months prior to the peel in combination with mini- 
mal sun exposure. 

Topical tretinoin (Retin-A) is recommended for 6 to 
12 weeks prior to the peel. Animal studies have dem- 
onstrated clinical and histologic healing benefits of 
tretinoin prior to dermabrasion. Synergistic qualities of 
pretreatment topical tretinoin and trichloroacetic acid 
(TCA) peels have been shown to sustain the effects of 
the chemical peel (3,4). Tretinoin aids in reepithelial- 
ization (5) and leads to increased melanin distribution. 
After tretinoin treatment, the thickened epidermis dis- 
plays decreased corneocyte adhesion, decreased stratum 
corneum thickness, and neocollagen production, all of 
which are beneficial to the peel and the postoperative 
result. This thickened and uniform epidermis aids in the 
uniform application of the peeling agent (6). 

The patient should begin nightly treatments with topi- 
cal tretinoin 6 weeks prior to the peel, and these should 
be continued after the postpeel reepithelialization is 


Skin Type Skin Color Characteristics 

| White; very fair; red or blond hair; Always burns, never tans 
blue eyes; freckles 

ll White; fair; red or blond hair; blue; Usually burns, tans with difficulty 
hazel or green eyes 

HI Cream white; fair with any eye or Sometimes mild burn, gradually tans 
hair color; very common 

IV Brown; typical Mediterranean Rarely burns, tans with ease 
Caucasian skin 

Vv Dark brown; mid-eastern skin types Very rarely burns, tans very easily 

Vi Black Never burns, tans very easily 
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TABLE 
GLOGAU CLASSIFICATION SCALE 


193.3 


Skin Class 


| “Early Wrinkles” 
Patient age: 20s—30s 
Early photoaging 
Mild pigment changes 
Minimal wrinkles 
No “age spots” 
II “Wrinkles in Motion” 
Patient age: 30s—40s 
Early to moderate photoaging 
Appearance of smile lines 
Early brown “age spots” 
Skin pores more prominent 
Early changes in skin texture 
Il “Wrinkles at Rest” 
Patient age: 50s and older 
Advanced photoaging 
Prominent brown pigmentation 
Visible brown “age spots” 
Prominent, small blood vessels 
Wrinkles, even at rest 
IV “Only Wrinkles” 
Patient age: 60s or 70s 
Severe photoaging 
Yellow-gray skin color 
Prior skin cancers 
Precancerous skin changes (actinic keratosis) 


Description 


completed. The dose range recommended is between 
0.025% and 0.1%. However, there is no literature describ- 
ing an improved benefit with the higher dosing, suggest- 
ing that lower concentrations may be just as effective. 
Concentration of tretinoin becomes important in those 
patients who are sensitive to its use. The patient should 
be warned of the potential side effects including irritation, 
erythema, and flaking of the skin. When these complica- 
tions are observed, the dose should be decreased or its use 
should be discontinued altogether. 

Also beneficial in the pretreatment of all peel patients, 
hydroquinone is most effective in those patients with lenti- 
gos, dyschromias, and Fitzpatrick type LIL, IV, V, and VI skin 
types, due to the higher risk of postpeel postinflammatory 
hyperpigmentation (PIH). Hydroquinone blocks the con- 
version of tyrosine to t-dopa by tyrosinase, thus decreasing 
melanin production. Hydroquinone, in a concentration of 
4% to 8%, should be started 4 to 6 weeks prior to resurfac- 
ing. Like tretinoin, hydroquinone should be started after 
the peel as soon as the patient’s skin can tolerate its appli- 
cation. 

Even if patients have no recollection of prior herpetic 
vesicle occurrence, all patients should be warned of the 
possibility of HSV outbreaks. Patients can have a latent 
infection even in the setting of a negative history. Common 
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and advisable practice is to start any patient with a nega- 
tive history on a prophylactic dose of antiviral medica- 
tion, such as acyclovir 400 mg three times a day, 3 days 
prior to and continued for at least 7 days after the peel. For 
those patients with a positive history of active HSV infec- 
tions, a therapeutic dose of antiviral medication should be 
employed, such as valacyclovir 1 g three times a day for the 
aforementioned time period. Postpeel herpetic infections 
can be unnerving for the practitioner but are devastating 
for the patient. Therefore, all precautions should be taken 
to avoid them. 

In order to maintain appropriate and uniform depth 
of penetration of the peeling agent, avoidance of waxing, 
dermabrasion, and electrolysis should be strictly main- 
tained for 3 to 4 weeks prior to peeling. 


BASIC SCIENCE OF HETTER CHEMICAL 
PEELS 


For years, a number of dogmatic suppositions had been 
purported within the literature regarding the phenol- 
croton oil peel. These statements date back to the late 
1950s and early 1960s when the phenol-croton oil for- 
mulas were introduced to the plastic surgery arena. It was 
from lay peelers from Hollywood in the 1920s and the 
Miami area in the 1950s that plastic surgeons were able 
to tease away secret, long-used phenol-based peeling 
solutions (7). Most formulas contained similar concen- 
trations of croton oil. Litton was the first to present one 
of these formulas to the American Society of Plastic and 
Reconstructive Surgery in the late 1950s. However, it is 
Baker who was credited for the formula he presented in 
November 1961 and then modified to his classic formula 
in 1962 (8). 

Around the same time that Baker's classic formula was 
described, Adolph Brown presented three dogmas of phe- 
nol peeling. First, that increased concentrations of phe- 
nol (80% to 90%) prevented deeper peels by causing an 
immediate keratocoagulation that prevented further pen- 
etration of the phenol solution. Second, Brown believed 
that by adding a saponin the depth of penetration of phe- 
nol increased. Third, he believed that croton oil’s role was 
simply to “buffer” the solution (9). The literature regarding 
chemexfoliation in the 1960s quickly adopted these asser- 
tions and upon them created more dogma. These state- 
ments included that phenol was the one and only active 
ingredient within the Baker formulation and that phenol 
in lower concentrations penetrated more deeply than in 
higher concentrations. As a result of these assertions, it 
was felt that lower concentrations of phenol were more 
dangerous due to their deeper penetration. As well, it was 
supposed that septisol caused a deeper penetration and 
that croton oil had no physiologic role in the peel. Since 
Brown’s assertions in the early 1960s, there have been no 
scientific studies, animal or human, that lend support to 
his postulates. That is, until Gregory Hetter, in the late 
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1990s, questioned these assertions and, more importantly, 
questioned croton oil’s role, or supposed lack thereof, in 
the standard Baker formula. 

Croton oil is pressed from the seeds of Croton tiglium, 
a small shrub found in India and Ceylon. The oil consists 
mainly of oleic, linoleic, myristic, and arachidonic acids 
(10). Less than 5% of the oil is made up of a resin, which 
has been known since 1895 in scientific literature to pos- 
sess irritant and toxic properties. In 1935, Joseph R. Spies 
isolated this toxic resin and applied it to the arm of a vol- 
unteer, creating severe vesiculations of the skin and a resul- 
tant wound taking almost 3 weeks to heal (10). Spies also 
showed that croton oil was soluble in ethanol and benzene 
and that it was poorly soluble in a 50:50 phenol to water 
solution (10). Hetter theorizes that these findings were the 
basis for using a surfactant, septisol, in the Baker formula. 

To refute Brown’s postulates and to help elucidate the 
role of croton oil, Hetter found a patient who was willing 
to undergo multiple chemical peels of different concentra- 
tions of phenol and croton oil. His findings contradicted 
that which had been previously assumed. At the lowest 
concentration of 18% phenol, there was minimal post- 
peel effect. Mild keratolysis occurred with 35% phenol, 
but there was no clear dermal effect. Hetter noted some 
desquamation with mild dermal effect after the 50% phe- 
nol peel. It was only with 88% phenol that Hetter noted 
an obvious upper dermal effect, which took 4 to 5 days 
to heal. With the addition of croton oil, a more profound 
dermal effect ensued. And, with different croton oil con- 
centrations, there were different healing times. A 0.7% cro- 
ton oil concentration application required a 7-day healing 
time, while a 2.1% croton oil concentration, equivalent 
to that of the classic Baker formula, resulted in an 11-day 
healing period (10). 

From his experience with this one patient, Hetter 
deduced that phenol peels penetrate more deeply with 
increased concentrations, that higher concentrations of 
phenol (88%) without septisol peels penetrate more 
deeply than lower concentrations (50% and 35%), and 
that the resultant peel is deeper with increasing concentra- 
tions of croton oil. 


TABLE 

193.4 THE HETTER PEEL FORMULA 
Croton Oil % 0.2% 0.4% 
Water 5.5 mL 5.5 mL 
Septisol 0.5 mL 0.5 mL 
Phenol 88% 3.5 mL 3.0 mL 
Stock 0.5 mL 1.0 mL 
Solution 
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Hetter used his experience to guide his treatment of five 
additional patients with varying croton oil concentrations. 
The results from these five patients allowed him to devise 
some generalizations of phenol-croton oil peeling. First, the 
dilution of croton oil, in a constant phenol concentration, 
shortens the healing time, suggesting a more shallow depth of 
penetration. Next, he generalized that phenol concentration 
has little to do with depth of injury. He confirms the observa- 
tion of Stegman (11) in 1980, which was reiterated by Stone 
and Lefer (12) in 2001, that multiple coats of peel solution 
will increase the depth of injury. Obagi (13) first described 
the need for different depths of peeling for individual sub- 
units of the face. Hetter translated this to his use of varying 
concentrations of croton oil in different regions of the face. 
While he found that the lower nose could tolerate croton oil 
concentrations up to 1.2%, the cheeks and forehead only tol- 
erated concentrations up to 0.8%, and the upper nose, tem- 
ple, and lateral brow could only withstand concentrations up 
to 0.4% before the risk of complications rose. Last, Hetter felt 
1% croton oil solutions were the upper threshold for safe use 
to avoid serious risk of hypopigmentation. 

Initially, Hetter performed his preliminary work using 
phenol as a “vehicle” at 33% for the croton oil with one- 
drop (0.35%), two-drop (0.7%), and three-drop (1.1%) 
formulations. However, he felt it would be optimal to have 
a more standardized means of measuring the croton oil 
concentrations, instead of relying on droppers, which are 
inherently inconsistent. He converted drops to cubic centi- 
meters by having 25 drops equal 1 mL. Using this conver- 
sion, he created a stock solution of 0.04 mL of croton oil 
per 1 mL of phenol, from which he could make varying 
croton oil concentrations of 0.4%, 0.8%, 1.2%, and 1.6% 
in a constant phenol concentration, needing only septisol, 
phenol, and water. Using his formulations, the practitio- 
ner can decide between a phenol concentration of 35% or 
48.5%. Table 193.4 depicts the formulas for the varying 
croton oil concentrations for the Hetter peels using a phe- 
nol concentration of 35%. 

While Hetter demonstrated that the depth of penetration 
is partially dictated not only by the components of the peeling 
solution but also by the concentrations of the components, 


0.8% 1.2% 1.6% 
5.5 mL 5.5 mL 5.5 mL 
0.5 mL 0.5 mL 0.5 mL 
2.0 mL 1.9 mL 0.0 mL 
2.0 mL 3.0 mL 4.0 mL 


Adapted from Hetter GP. An examination of the phenol-croton oil peel: part IV. Face peel results with different concentrations of the phenol and 


croton oil. Plast Reconstr Surg 2000;105(3):1061-1083. 
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Stone emphasized the importance of how application of 
these varying concentrations must be controlled to create 
desired results. Stone tested Hetter’s posits by performing 
peels on three case studies using Hetter’s varying concentra- 
tions, the classic Baker formula with and without croton oil, 
and varying phenol concentrations without croton oil. 

In his first patient, he was able to show on repeat biop- 
sies that the classic Baker formula with and without croton 
oil would create the same depth of penetration and injury 
with repeated rubbings and occlusive taping. In the second 
case, he peeled the patient with alternating concentrations 
of phenol, 50% and 88%, and alternating concentrations of 
croton oil, 2.2% and 0.4%, on both thick forehead skin and 
the thinner nasojugal trough skin. As well, he varied the 
number of rubs with a wrung-out gauze on the nasojugal 
trough. On biopsy, he found that all formulas created equal 
histologic results and similar fibrosis, when applied with 50 
rubs. But, by decreasing the number of rubs, he confirmed 
Hetter’s findings that by increasing phenol concentration, 
the depth of penetration increases. These findings suggest 
a threshold of injury can be achieved with phenol and cro- 
ton oil; that threshold can also be achieved by varying con- 
centrations when enough applications are employed. This 
was confirmed with his third case, in which he used lower 
phenol concentrations with 2.2%, 0.4%, and 0% croton 
oil. He found that this aforementioned threshold could be 
met with all three solutions, but with varying numbers of 
applications. Stone and Lefer (12) conclude that croton oil 
serves to lower the threshold number of applications. 

Stone’s work emphasizes the important point of how 
the peeling solution is applied to the skin is as important 
as what active agents are present within the solution. The 
author feels this is where the experience of the peeler and 
the “art” of peeling becomes important. 


TECHNIQUE 


Application of the peeling solution should always be done 
on sufficiently prepared skin. This preparation begins with 
vigorous cleaning, with septisol or an acne wash, the eve- 
ning before and the morning of the procedure. 

Preoperative oral sedation, 10 to 15 mg of diazepam 
and 100 mg of Dramamine, helps relieve the patient's anxi- 
ety regarding the intravenous (IV) catheter placement and 
the upcoming procedure. The antihistamine also reduces 
oral secretions and helps to protect the patient’s airway 
during periods of deeper sedation. IV fluids should be ini- 
tiated prior to bringing the patient to the operating room. 
At this point, additional IV benzodiazepine can be admin- 
istered if the patient continues to be anxious. 

While in a seated position, the patient’s submandibular 
shadow is marked. This step is important to avoid obvi- 
ous postoperative delineation between peeled and non- 
peeled areas at the jawline. The patient is then placed in 
the supine position. After administering a sedating dose 
of propofol, the nerve blocks (supraorbital, infraorbital, 
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mental) and field blocks are performed with an equal mix- 
ture of 2% lidocaine and 0.5% bupivacaine. The use of 
epinephrine is avoided, even in the nerve blocks, to allow 
maximal clearance of phenol. While waiting for maximal 
anesthesia to occur, the face is thoroughly degreased with 
an acetone-soaked gauze. Any residual oil on the skin will 
cause an uneven peel. The acetone cleaning can be repeated 
throughout the procedure if necessary. 

Both Obagi and Hetter recommend using wrung-out 
cotton, 2-inch by 2-inch gauze, for the application of the 
peeling agent (10,14). However, the author feels wide 
cotton-tipped applicators are superior for control of appli- 
cation. As previously mentioned, the depth of the peel is 
dependent upon the amount of solution on the cotton 
tip, the uniform application of the solution, as well as the 
number of strokes applied. 

One of the benefits of using a phenol-based solution is 
that the resultant frost is almost immediate, compared to 
TCA where the practitioner must safely wait 3 to 4 minutes 
before assessing a peeled area for needed repeat applica- 
tions (15). The assessment of peel depth is based on the 
level of frost observed. In contrast to the TCA peel where 
the level of frost cannot be determined for 3 or 4 minutes, 
the phenol-croton oil peel depth can be determined within 
20 or 30 seconds. Therefore, areas in need of deeper peel- 
ing may be treated again more rapidly. Medium-depth 
peels create a level II to level III frosting (15) (Table 193.5). 

The subunits of the face should be divided by degree 
of rhytids, lentigos, and photodamage as well as inher- 
ent thickness. The author's experience has been to use 
0.8% croton oil Hetter solution in areas of deeper rhytids 
(Glogau III and IV) and thicker skin, such as the perioral, 
glabellar, and lateral periorbital areas. The intermediate 
areas (Glogau II and III), such as the inferior periorbital 
area, are treated with 0.4% croton oil Hetter solution. In 
order to even the appearance of the face, a simple 88% 
United States Pharmaceutical (USP) phenol solution is 
used for all other areas. 

An appropriate period, 10 to 15 minutes, must be 
allowed between each subunit peeled to allow for proper 
clearance of the phenol solution. The entire face should 
be peeled over 90 to 120 minutes. In the event that a 
minor supraventricular arrhythmia occurs, the peel should 
be stopped, and the practitioner should wait for a return 
to normal sinus rhythm. The peel should be carried into 


CLASSIFICATION OF THE DEGREE 
OF FROSTING OBTAINED WITH 
CHEMICAL PEELS 


TABLE 


193.5 


Level |: erythema with stringy or blotchy frosting 

Level Il: white coat with erythema showing through (should be 
used for eyelids and areas of bony prominences, i.e., zygomatic 
arch, malar, chin; higher rate of scarring) 

Level Ill: solid white frost with little or no background erythema 
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the hairline, as phenol and croton oil will not affect pig- 
ment of the hair follicles. The edge of each peeled area 
will have a margin of reactive hyperemia, which does not 
represent peeled skin but rather an unpeeled skin reaction. 
When peeling the adjacent areas, this line of hyperemia 
(Fig. 193.1) should be included and adequately peeled 
to avoid obvious lines of demarcation. Similarly, the peel 
should be carried over the vermilion border. The practitio- 
ner can stretch wrinkled skin to allow an even peel over 
these areas. For deep perioral rhytids, the cotton-tipped 
applicator can be broken and the wood edge used to apply 
the peeling agent in the rhytid. 

There is no need for neutralization of the peeling solu- 
tion as the frost represents a completed reaction, which 
is precipitation of the keratin by the phenol. Great care 
must be taken around the lower eyelid margin. The peel 
should be performed to within 3 mm of the ciliary line and 
stopped. There should be no excess solution on the lower 
lid. The patient may develop tearing during the procedure. 
Any tearing should be immediately dried to avoid the 
tears pooling the peeling solution into the eye. If not ade- 
quately anesthetized, the patient will experience an imme- 
diate burning sensation for 15 to 20 seconds. However, 
this sensation will return in 20 minutes and can last 4 to 
8 hours later. The longer-lasting effect of the bupivacaine 


Figure 193.1 This demonstrates the clear line of hyperemia that 
occurs at the periphery of a peeled area. This hyperemic skin has 
not been peeled. Care must be taken to peel this area so as to not 
leave a discrete line of unpeeled skin. 
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will greatly aid in minimizing the burning sensation in the 
postoperative period. Therefore, it is essential to perform 
adequate nerve and field blocks. Even with all precautions 
in place, accidents may happen. In the case of excess phe- 
nol exposure to the patient or the staff, propylene glycol, 
glycerol, olive oil, castor oil, or cottonseed oil should be 
poured onto the site to solubilize the phenol. If exposure 
to the eyes occurs, mineral oil should be immediately 
applied to the eyes using an eye dropper. 


POSTOPERATIVE CARE 


Postoperative care begins immediately after the last sub- 
unit is peeled. 

When the frost subsides and only erythema persists, 
a thick layer of bland emollient should be applied to all 
peeled areas, leaving no peeled skin exposed. The senior 
author prefers Eucerin cream, but Elta or antibiotic oint- 
ment may be used. None of these topical agents act as an 
occlusive dressing, and they will therefore not increase the 
depth of penetration. Starting with postoperative day 1, the 
patient will apply the cream three to four times a day to 
those areas that are exposed. By using the emollient, the 
peeled skin can be monitored with greater ease on a day- 
to-day basis. 

The patient should have been preoperatively prepared 
for the expected postoperative edema, erythema, and even- 
tual desquamation. Additionally, patients should also be 
advised of the burning sensation that may last up to 8 hours 
following the procedure. The patient's preoprative aware- 
ness will aid in the patient’s analgesia. The patient should 
be prescribed an oral narcotic for the postoperative period. 
The healing process occurs in four stages (15). First, inflam- 
mation occurs and increases during the first 12 hours. Next, 
the epidermis will begin to change in appearance, becom- 
ing leathery, and will separate from the dermis. The under- 
lying dermal injury will become necrotic and slough. The 
emollient will aid in clearing this necrotic tissue from the 
underlying dermis, which is then recovered with the emol- 
lient. Desquamation will occur over 4 to 7 days, exposing 
the underlying erythematous dermis. The reepithelializa- 
tion, which typically begins in 48 to 72 hours, will con- 
tinue through day 7 to 10 (Fig. 193.2), depending on the 
depth of the peel (15). This reepithelialization will be rep- 
resented by a conversion of bright red erythema to a lighter 
shade of pink. The benefit of the peel is born out of the 
fourth and final stage. This final stage of fibroplasia begins 
within the first week and continues for 12 to 16 weeks after 
the peel. This period is marked by neoangiogenesis, new 
collagen formation, and reorganizing of the collagen. 

In the first 12 weeks after the peel, the patient is suscep- 
tible to UV light exposure and a resultant hyperpigmen- 
tation. Strict avoidance of direct, prolonged sun exposure 
should be encouraged for that 12-week period. It has 
been the author's experience that sunscreens should also 
be avoided for the first G6 weeks. Paraaminobenzoic acid, 
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Erythematous neoepitheliazation has replaced the 
sloughed chemoexfoliated skin in this patient who underwent a 
Hetter chemical peel approximately 7 days ago. 


found in many sunscreen preparations, can cause an unde- 
sirable reaction, including irritation, increased erythema, 
and induration. Figures 193.3 to 193.7 demonstrate the 
exceptional results that are obtained from Hetter peels in 
the treatment of dyschromia and rhytids. 

Women of childbearing age should avoid birth con- 
trol pills or pregnancy. Increased circulating estrogens can 
result in hyperpigmentation following chemexfoliation. 
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Despite taking all necessary preoperative precautions and 
measures, the busy practitioner can encounter a litany of 
postoperative complications. A comprehensive under- 
standing of these complications and their management 
will serve the peeler well. Proper management of these 
complications, both minor and major, will make the dif- 
ference between undesirable and optimal results. 

Probably the most feared complication of phenol peels 
is cardiac arrhythmias. Though no death due to phenol 
peeling has been described in the literature, the possibil- 
ity of a potential cardiovascular crisis has led to great fear 
regarding the use of phenol. Even in patients preopera- 
tively screened and well hydrated, a reversible arrhythmia 
can occur, especially in patients with undiagnosed myocar- 
dial sensitivity. These patients will develop a supraventricu- 
lar tachycardia within 30 minutes of the onset of the peel, 
which if exacerbated, can progress into paroxysmal ventric- 
ular contractions, paroxysmal atrial tachycardia, ventricu- 
lar tachycardia, and, possibly, atrial fibrillation. The key is 
to not allow this progression to occur. Once an irregular 
rhythm is noted, the peeling should be halted, adequate 
hydration continued, and the patient’s rhythm will return 
to baseline as the phenol is cleared. At this point, the chem- 
ical peeling can proceed, but with vigilant observation of 


B 


Prepeel (A) and postpeel photographs (B). Dramatic improvement in rhytids can be 
appreciated in this patient who underwent a full-face Hetter chemical peel. 
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Prepeel (A) and postpeel photographs (B). Another example of typical expected 
results in rhytids and dyschromia after a full-face Hetter chemical peel. 


B 


Prepeel (A) and postpeel photographs (B). A lower croton oil concentration Hetter 
peel formulation was used here to improve facial dyschromia. 
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Prepeel (A) and postpeel photographs (B). Another example of the use of a lower 
croton oil concentration Hetter peel formulation to improve facial dyschromia. 


Prepeel (A) and postpeel photographs (B). A mid-to-higher croton oil concentration 
was used here to improve both facial dyschromia and rhytids. 
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the cardiac rhythm. In the rare cases in which the cardiac 
rhythm does not return to normal, proper measures should 
be employed to treat the aberrant rhythm. 

Although not as concerning as arrhythmias, prolonged 
healing times is a nuisance both for the patient and the 
practitioner. Any area that does not reepithelialize by day 
10 should be considered prolonged. Lack of reepithelial- 
ization is more common with medium-depth TCA and 
deeper phenol peels (16). If the wound healing is delayed, 
daily wound checks should be performed. The practitioner 
must rule out the presence of infection and treat accord- 
ingly. These areas should be treated promptly or they will 
result in increased risk of scarring. 

In the event that scarring occurs, it is going to occur 
most often in the perioral area, specifically the upper lip. 
Scarring is most often the result of too deep a peel or from 
poor postoperative care. The risk of scarring is increased in 
isotretinoin users. Again, after discontinuing isotretinoin, 
the practitioner should wait until the patient is clearly 
developing skin oil. These scars can be treated with Silastic 
(cross-linked polydimethylsiloxane polymer) sheeting 
and intralesional steroid injections (Kenalog 20 mg/mL) 
every 2 to 3 weeks. Overuse of steroids can result in der- 
mal atrophy; therefore, judicious use is recommended. If 
these scars are erythematous, multiple treatments with a 
flashlamp-pumped dye laser are helpful (2). 

A bacterial pyoderma can aggravate wound healing and 
lead to scarring. In the rare case of a bacterial or fungal 
infection, appropriate antimicrobials should be initiated 
and continued for a 7- to 10-day course. 

Similarly, a herpetic infection can be devastatingly 
uncomfortable for the patient. If, despite prophylaxis, this 
infection occurs, a maximal antiviral course, valacyclovir 
1 g three times a day for 10 days, should be used. 

The postoperative erythema that is typical in all peeled 
patients may last longer than expected. This is more preva- 
lent with patients with sensitive skin or in cases of contact 
dermatitis. Topical hydrocortisone (2.5%) lotions are help- 
ful for accelerating the resolution of this erythema. 

As the erythema is subsiding, some patients, as a result 
of inadvertent sun exposure or from darker skin type, will 
develop PIH. This usually occurs weeks after the peel. This 
is most readily seen in skin overlying bony prominences, 
such as the lateral malar regions. This is more common in 
the Fitzpatrick HI to VI skin types. A combination of 0.05% 
retinoic acid, 8% hydroquinone, and hydrocortisone 
cream is effective at reducing or eliminating this pigmenta- 
tion. Glycolic acid lotion has been noted to be affective as 
well (2). 

More problematic than hyperpigmentation is hypopig- 
mentation. Classically, this is more common in phe- 
nol-based peels. Phenol is thought to eliminate the 
melanocyte’s ability to produce melanin. This can be 
much more noticeable when single facial subunits are 
peeled. Hypopigmentation occurred with much greater 


Section X: Facial Plastic and Reconstructive Surgery 


frequency in the past with the Baker formulation and 
postoperative occlusive taping or thymol iodide masks. 
The concentration of the phenol and croton oil, the skin 
type, and taping are all factors contributing to the risk of 
hypopigmentation. This complication is irreversible. And 
patients should be counseled regarding the possible need 
for makeup use. 


CONCLUSION 


With the advent of CO, laser resurfacing, followed by 
erbium: YAG laser resurfacing, chemical peeling was mar- 
ginalized as an outdated practice, supplanted by techno- 
logic advances. As well, phenol-croton oil peeling was 
considered a deep, dangerous peel that had an all-or-none 
effect at best and a peel riddled with complications at 
worst. Much like the outdated posits of Adolph Brown and 
his contemporaries, neither of the aforementioned senti- 
ments is farther from the truth. Chemical peeling should 
be considered the standard as it is an effective and safe 
tool for the facial cosmetic surgeon. Furthermore, with our 
relatively new understanding of the role of croton oil, the 
modified phenol-croton oil peeling formulations offer a 
tool that can be tailored for different skin types, skin thick- 
nesses, and rhytid depth. A thorough understanding of this 
peel will greatly expand the options of what a practitioner 
can offer his resurfacing patients. 


m= Phenol peels the skin more deeply with increased 
concentrations, and the resultant peel is deeper with 
increasing concentrations of croton oil. 

= The dilution of croton oil, in a constant phenol con- 
centration, shortens the healing time and suggests a 
more shallow depth of penetration. 

m Hetter peels allow for different depths of peeling for 
individual subunits of the face by varying concen- 
trations of croton oil for individual facial subunits. 

m= The depth of the peel is dependent upon the 
amount of solution on the cotton tip, the uniform 
application of the solution, as well as the number of 
applications. 

m Experience reveals that 0.8% croton oil Hetter 
solution works well in areas of deeper rhytids and 
thicker skin, such as the perioral, glabellar, and lat- 
eral periorbital areas. 

m Intermediate areas should be treated with 0.4% cro- 
ton oil Hetter solution such as the inferior perior- 
bital area. 

m A simple 88% USP phenol solution is used for all 
other areas to even the appearance. 
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Lasers in Facial Plastic 
Surgery 


William Russell Ries 


“The Quantum Theory of Radiation,” published by Einstein 
in the early 1900s, established laser theory. Maiman built 
the first laser in 1960, and patient treatment began shortly 
thereafter (1). The first cutaneous laser treatment with ruby 
and neodymium pulsed laser systems was performed by 
Goldman, and Patel subsequently developed the first CO, 
laser in 1964 (2). Lasers have become an integral treatment 
option for multiple disease processes, and clinical appli- 
cations for lasers are ever expanding with the concurrent 
development of imaging systems, computer technology, 
and robotics (3). Lasers have become increasingly easy to 
use, and the fundamentals of laser physics are taught to a 
myriad of health care providers. 

In this chapter, laser biophysics, laser—tissue inter- 
actions, technical aspects of laser treatment, and com- 
plications associated with lasers in facial plastic and 
reconstructive surgery are discussed. It is the hope of the 
authors that this chapter will provide a detailed under- 
standing of laser technology, common laser applications, 
indications and reasons for employment of specific lasers, 
and practical knowledge related to the technical aspects of 
laser treatment. 


LASERs (light amplification by the stimulated emission of 
radiation) produce light energy that travels in a waveform. 
The distance between two successive peaks of the wave cor- 
responds to the wavelength, while the height of the peak of 
the wave corresponds to the amplitude. The amplitude is 
related to the intensity of the light. The period, or the time 
for the completion of a full wave cycle, is referred to as the 
frequency (4). 

To produce this waveform, lasers follow the fundamen- 
tals of quantum mechanics. Specifically, a power source 
provides energy to a system. Subsequently, photons, units 
of light energy, present in the system strike atoms in the 
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laser medium and can raise one of its electrons to a higher 
energy level. Either spontaneous or stimulated emission 
can occur at this point. Spontaneous emission occurs when 
the atom in the excited and unstable state reemits a pho- 
ton and the electron returns to the lower energy level. If an 
atom in the higher energy state is struck by an additional 
photon, two photons are emitted. This process is termed 
stimulated emission (Fig. 194.1). The photons produced 
will continue to propagate the energy transfer via mirrors 
within the system. The photons emitted characteristically 
have the same wavelength, progress in the same direction, 
and travel in phase (3). 

Lasers consist of four main components including a 
power source, a laser medium, an optical cavity or resona- 
tor, and a delivery system (Fig. 194.2). Electrical, light, and 
high-energy radio frequency waves are examples of pos- 
sible excitation mechanisms. The optical cavity or resona- 
tor contains a medium that may be solid, liquid, gas, or a 
semiconductive material. Lasers also have a mirror that is 
100% reflective and a mirror that is partially transmissive 
to allow energy to escape the chamber. Delivery systems 
are variable with most utilizing a fiberoptic delivery system 
but some using an articulated arm system (CO, laser). 

The components of the laser together produce light that 
is of one wavelength (monochromatic), with little diver- 
gence (collimated), and in identical temporal and spatial 
phases (coherent). These properties differentiate laser light 
from ordinary light. 


Laser energy can have a variety of effects on tissue ranging 
from activation of biochemical substances or stimulation 
of biologic tissues at low energy to coagulation or vaporiza- 
tion of biologic tissues at high energy (Fig. 194.3) (3). Most 
clinically relevant lasers utilize the thermal effects of lasers 
to coagulate or vaporize. The effect of a laser on a given 
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Figure 194.1 The processes of spontaneous and stimulated emission of radiation. (Reprinted from 
Papel ID, Frodel JL. Facial plastic and reconstructive surgery, 3rd ed. New York: Thieme, 2009:100, 


with permission.) 


tissue is a function of the laser wavelength; laser energy 
density; and the amount of reflection, scatter, absorption, 
or transmission of energy that occurs (Fig. 194.4) (3). 

Chromophores are substances that absorb energy at 
specific wavelengths. The specific absorption patterns of 
tissues partly determine the most efficacious laser for a 
given lesion. The chromophore absorbs light energy, 
which is then converted to heat. Coagulation of tissues 
occurs at 60°C to 70°C, and tissue vaporization occurs 
at 100°C (5). Appropriate laser selection allows for tar- 
geted thermal damage in tissues that absorb a specific 
wavelength of light. This process is termed selective pho- 
tothermolysis (5). For example, the soft tissues of the 
body, which consist of mainly of water molecules, absorb 
CO, laser energy efficiently, whereas bone, with little 
water content, does not. Another important laser property 
is wavelength, with deeper tissue penetration occurring 
with longer wavelengths of light (5). The peak absorption 
wavelength for oxyhemoglobin, which is found in high 
concentrations in vascular malformations and hemangio- 
mas, is 577 to 585 nm. 
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Figure 194.2 Laser apparatus. Lasers use a power source to pro- 
vide light energy to a system, while photons produce stimulated 
emission of radiation. (Reprinted from Papel ID, Frodel JL. Facial 
plastic and reconstructive surgery, 3rd ed. New York: Thieme, 
2009:100, with permission.) 


Two important laser parameters are energy density and 
power density. Energy density (fluence) is a function of the 
power density (intensity) of the laser and the time of expo- 
sure. Power density is a function of the power divided by 
the cross-sectional area of the laser beam (spot size). Thus, 
by altering power density or time of exposure, the amount 
of energy delivered by a particular laser can be altered. 
Additionally, by decreasing the laser spot size, power den- 
sity is increased. 


Energy density (fluence) = Power density x Time 
Power density = Power (watts)/Cross-sectional area 
of laser beam (spot size) 


Based on these equations, one can readily deduce that 
by decreasing the spot size of the laser beam, the power 
density to the tissue of interest increases. Pulsed energy can 
also be utilized to alter tissue effects. The pulsed energy 
mechanism incorporates regular periods of irradiation 
(on period) with alternating periods of no irradiation (off 
period). This alternating delivery of laser energy permits 
heat dissipation during the off period. Thus, thermal heat 
damage to surrounding tissue is minimized, particularly if 
the off period is longer than the thermal relaxation time 
of the tissue of interest. The thermal relaxation time is 
defined as the amount of time required for an object to dis- 
sipate half of its heat. The duty cycle is defined as the ratio 
of the on interval to the on plus off intervals. 

Several pulsed modes have been created for use with 
lasers. Shuttering can block the delivery of a beam of laser 
light for specified intervals of time. Superpulse mode refers 
to a mechanism in which energy is stored during the off 
period and released during the on period. Q-switched 
lasers function by storing energy during the off period and 
releasing high-energy bursts of light for short time inter- 
vals using an electro-optical shutter (3). Ultimately, one 
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Figure 194.3 High-energy laser treatment causes vaporization and coagulation of tissues, while 
low-energy causes activation and stimulation of biologic tissues. (Reprinted from Papel ID, Frodel JL. 
Facial plastic and reconstructive surgery, 3rd ed. New York: Thieme, 2009:101, with permission.) 


must match the laser wavelength, spot size, energy density, 
power, and duration of action to the tissue of interest and 
the desired outcome (5). 


LASER CHARACTERISTICS 
Flashlamp-Excited Dye Laser 


The flashlamp-excited dye laser (FEDL) was designed for 
the treatment of vascular cutaneous lesions. The laser 
medium is a rhodamine dye, which is excited optically 
by a flashlamp. It is delivered by a fiberoptic carrier. This 
laser produces visible, yellow light (6). The FEDL system 
is frequently used to treat hemangiomas, port-wine stains, 
rosacea, and telangiectasias as it emits wavelengths of 585 nm, 
near the absorption peak of oxyhemoglobin (577 nm) 
(6,7). The FEDL has a dynamic cooling device that reduces 
the risk of epidermal injury. 

The FEDL has an interchangeable lens system that 
allows for spot sizes of 3, 5, 7, or 10 mm. The pulse is 
450 us. More recently developed FEDLs can produce lon- 
ger wavelengths (595 to 600 nm) with spot sizes of 10 to 
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Figure 194.4 The biologic effect of a laser is partially depen- 
dent on the amount of absorption, scatter, reflection, or transmis- 
sion of energy for a given tissue. (Reprinted from Papel ID, Frodel 
JL. Facial plastic and reconstructive surgery, 3rd ed. New York: 
Thieme, 2009:100, with permission.) 


12 mm and higher peak fluence potentials. These altera- 
tions have allowed for more effective treatment of the 
deeper vessels found in hemangiomas and port-wine stains 
(6,8). Additionally, longer pulse durations of 1.5 to 40 ms 
have allowed for telangiectasia treatment without the devel- 
opment of significant purpura (6,8-11). The alterations to 
the FEDL have provided a treatment that has been shown 
to reduce erythema, decrease height, and improve texture 
in scars (12). A decreased rate of recurrence of hypertrophic 
scars has also been found with the FEDL (13). 

Pulsed dye lasers (PDLs) have recently incorporated a 
unique pulse structure where each macropulse is subdi- 
vided into eight micropulses. This technology allows for 
single-pass treatment with delivery of higher total fluencies 
with less risk of purpura (14,15). Most patients develop 
variable erythema and/or purpura following PDL treat- 
ments, which may last for 7 to 10 days. Furthermore, 
patients may develop hyperpigmentation, hypopigmenta- 
tion, or scarring (6). 


Intense Pulsed Light 


Intense pulsed light (IPL) uses crystal filters to emit light 
with wavelengths of 590 to 1,200 nm. The light is noncoher- 
ent. The range of wavelengths and pulse durations capable 
of being produced by this laser are its primary advantages. 
Cutoff filters produce wavelengths that can be utilized for 
telangiectasias, skin discoloration, hair removal, or pho- 
toaging. Likewise, IPL system filters can eliminate shorter 
wavelengths to allow for greater dermal penetration with 
light of longer wavelength (6). IPL systems have also been 
used to treat port-wine stains and hemangiomas (6). In 
comparison with the PDL, IPL treatments require more time 
and have greater associated risks as additive heating occurs 
with successive passes and longer pulse durations (6). 


The primary use for IPL systems is treatment of telangi- 
ectasias. Selected wavelengths between 470 and 1,400 nm 
corresponding to absorption peaks of oxyhemoglobin are 
used to specifically target vessels. The range of wavelengths 
allows for treatment of vessels at various depths and 
greater energy penetration into the tissue (6). Newer sys- 
tems incorporate cooling with chilled sapphire windows. 


Potassium Titanyl Phosphate Laser 


The potassium titanyl phosphate (KTP) laser is a frequency- 
doubled (wavelength halved) Nd:YAG laser. This is accom- 
plished by passing the laser energy though a KIP crystal. 
The resultant light is green with a wavelength of 532 nm, 
corresponding to a hemoglobin absorption peak. The 
penetration and scattering of this laser light is intermedi- 
ate between the CO, laser and the Nd:YAG laser. The laser 
energy is delivered to tissue via a fiber. If the fiber is not 
in contact with the tissue, vaporization and coagulation 
occur. Lower settings are typically used for coagulation. If 
the fiber is in semicontact with the tissue, cutting occurs. 
The KTP laser has a wide range of pulse durations, from 
1 to 100 ms. The KTP laser has a shallow penetration depth. 
Accordingly, there is low risk of purpura, edema, or crusting 
(6,16). Atrophic scarring is a concern with the KTP laser. 


Red and Infrared Lasers 


The alexandrite (755 nm), diode (800 to 940 nm), and 
Nd:YAG (1,064 nm) lasers are in the red and near-infrared 
(IR) range. These lasers have been used to treat reticular 
veins, port-wine stains, and deep vessels in vascular mal- 
formations. Red and IR lasers are effective for these lesions 
as they have wavelengths that target peaks of deoxyhemo- 
globin in the near-IR range (700 to 1,200 nm), achieve 
deeper penetration, and allow for higher fluence (6). 

The alexandrite laser is a flashlamp-pumped solid-state 
laser in the red spectrum of light (755 nm) but is not vis- 
ible. This laser is absorbed by melanin and achieves deep 
penetration. The alexandrite laser has been used with sig- 
nificant improvement in hypertrophic port-wine stains 
with settings of 3-mm spot size, fluence range from 30 to 
85 J/cm’, and dynamic cooling (17). Others use settings of 
8-mm spot size for the initial treatment of deep malforma- 
tions (6). Li et al. (18) also demonstrated the effectiveness 
of the long-pulse pulsed alexandrite laser for hypertrophic, 
purple port-wine stains. The authors did note that this laser 
can cause dyspigmentation but no scarring was noted (18). 
This wavelength is also absorbed by the blue and black pig- 
ments in tattoos and can be used for hair removal. 

The diode laser uses superconducting materials that are 
directly coupled to fiberoptic delivery devices. These lasers 
result in varying wavelengths depending on the material used. 
Diode lasers are efficient, converting electrical power to light 
at efficiencies of 50%, which allows for less heat production 
and power input (16). The light is fiberoptically delivered. 


Chapter 194: Lasers in Facial Plastic Surgery 3203 


The Nd:YAG laser emits a wavelength of 1,064 nm, in the 
near-IR spectrum. The laser medium is neodymium-:yttrium 
aluminum garnet and uses a helium-neon aiming beam. 
Pigmented tissue is selectively targeted with this laser as it 
penetrates up to 4 to 6 mm for treatment of deeper vessels 
(19). The depth of penetration of the Nd:YAG is related to 
its scatter, which is much greater than with the CO, laser. 
Thus, the Nd:YAG laser can be used for deep vessel coagu- 
lation (~3 mm). Yang et al. found the long-pulsed Nd:YAG 
laser to be equally effective as the PDL for the treatment of 
port-wine stains in a series of 17 patients (20). The authors 
found that purpura lasted longer following PDL treat- 
ments, but the Nd:YAG caused greater perivascular and epi- 
dermal injury with scarring noted in one patient (20). 

Depressed scarring and hyperpigmentation are poten- 
tial complications associated with the Nd:YAG laser (6). 
Cooling devices assist in minimizing these risks. In com- 
parison with the near-IR diode laser, the Nd:YAG laser has 
deeper penetration, incurs less surrounding epidermal 
injury, and may be used more safely in darker pigmented 
individuals (6). 


Carbon Dioxide (CO,) Laser 


The CO, laser uses CO, gas as a medium and has a wave- 
length of 10,600 nm. This wavelength is found in the mid- 
IR range and is absorbed by water. This laser is utilized for 
tissue with high water content given that it is absorbed well 
by water molecules. Effects are typically superficial due to 
minimal scatter and high absorption rates. This laser seals 
vessels up to 0.5 mm in diameter and nerve fibers. 

A helium-neon aiming beam is utilized with this laser 
system as the laser beam is invisible. Typically, the beam is 
delivered to tissue through mirrors and lenses in an articu- 
lated arm either by a handpiece or attached to an operating 
microscope (4). 

Recently, the fractionated CO, laser has gained popu- 
larity as it provides several distinct advantages over tradi- 
tional CO, laser treatments. The fractionated CO, laser 
employs the concept of fractionated photothermolysis, 
which spares the epidermis from significant injury while 
causing coagulative injury in the dermis (21). Injury to the 
surrounding tissue is minimized as the fractionated laser 
delivers microthermal zones that allow for rapid reepi- 
thelialization at the periphery. The fractionated CO, laser 
decreases scarring, hypopigmentation, and the recovery 
time of traditional CO, laser treatments (21,22). The frac- 
tionated CO, laser has been used to treat scars, rhytids, and 
photodamage (21). 


Argon Laser 


The argon laser has a range of wavelengths from 488 to 
514 nm in the visible spectrum. The resonating chamber 
and laser medium create a band of wavelengths emitted 
from this laser. Filters can be used to limit the resultant 
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wavelengths emitted. Hemoglobin absorbs argon laser 
energy well, thus allowing for use in vascular lesions. 
A fiberoptic carrier represents the delivery system (4). 


Continuous Yellow Dye Laser 


The continuous-wave yellow dye laser produces a wave- 
length of 577 nm in the visible spectrum. The dye is excited 
by an argon laser. This laser is delivered by a fiberoptic 
cable. Shutters or a Hexascanner handpiece can pulse the 
light that is emitted. This laser is well suited for treatment 
of benign vascular lesions on the face. 


Copper Vapor Laser 


The copper vapor laser produces two wavelengths of the 
visible spectrum including a pulsed green light at 511 nm 
and a pulsed yellow light at 578 nm. A handpiece can 
deliver the light fiberoptically at spot sizes from 150 to 
1,000 um. This laser also is used to treat benign vascular 
lesions on the face as well as freckles, nevi, or keratoses. 


LASER APPLICATIONS 


Treatment Options 


Treatment of lesions of the face has been revolutionized 
with the development and advancements in laser tech- 
nology. When considering appropriate management for 
each patient and individual lesions, one must consider all 
available options. Common nonlaser treatment options 
consist of observation, ligation, excision, cautery, scle- 
rosant therapy, chemotherapy, radiation, steroid therapy, 
embolization, systemic medications, or a combination of 
treatments. However, laser technology remains a main- 
stay in the treatment of facial lesions as laser selection 
often allows for targeted and selective photothermolysis. 
Throughout the discussion below regarding laser applica- 
tions, treatment options will be further delineated in rela- 
tion to specific lesions. 


Vascular Lesions 


Advances in medicine have provided understanding of the 
biologic basis for many vascular anomalies. Treatment of 
vascular lesions has evolved at a rapid pace with increas- 
ing knowledge of pathophysiology and technical advance- 
ments. One of the greatest strides in the treatment of 
vascular lesions came with the development of the laser. 

While the original classification schema for vascular 
lesions has undergone necessary changes with advance- 
ments in the understanding of underlying pathophysiol- 
ogy, vascular lesions continue to be categorized based on 
structural components and biologic behavior. The general 
term “vascular lesion” refers to vascular malformations 
and hemangiomas. 
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Vascular malformations are differentiated from 
hemangiomas based upon their presence at birth, increas- 
ing size with patient growth, and normal rate of endothelial 
cell growth. Additionally, capillary vascular malformations 
have a propensity to become darker in color and develop 
surface thickening with time. Vascular malformations are 
often subclassified based on their vessel components: arte- 
rial, capillary vascular malformations (port-wine stains), 
venous, lymphatic, and/or combination lesions. Finally, vas- 
cular malformations characteristically have large ectatic ves- 
sels and lack endothelial hyperplasia. 

In contrast, hemangiomas behave in a similar man- 
ner as true neoplasms. Hemangiomas have a proliferative 
phase with rapid growth and endothelial proliferation, fol- 
lowed by an involution phase. Involution of these lesions 
is a slow process. Hemangiomas are characteristically 
absent at birth and demonstrate endothelial hyperplasia in 
ectatic vessels. 


Technical Aspects of Laser Treatment 


The ideal laser should have a wavelength that is selec- 
tively absorbed by the targeted lesion, minimal epider- 
mal absorption to reduce the incidence of scarring, and a 
flexible delivery mode capable of pulsed delivery to apply 
energy consistently based on the thermal relaxation time 
of the tissue. Multiple lasers have been manufactured and 
are used for a variety of lesions based on the key laser char- 
acteristics discussed above. 


Lesion Subtypes 


Hemangiomas 

Hemangiomas behave in a similar manner as true neo- 
plasms. These lesions typically appear in the few weeks 
after birth and grow disproportionately with the infant 
(23). Hemangiomas are more common in Caucasians 
with a female to male ratio of 3:1. The proportion of all 
hemangiomas occurring in the head and neck region is 
60%. It has been proposed that these lesions result from 
growth of placental cells transferred to the fetus in utero 
(24). Resolution of these lesions is approximately 50% by 
age 5 years, 70% by age 7 years, and 90% by age 9 years 
(25). Following involution of hemangiomas, 40% to 50% 
of children will have residual telangiectatic cutaneous ves- 
sels, fibrous-fatty tissue, or scarring (26). Hemangiomas 
are classified as superficial (capillary), deep (cavernous), or 
combined (capillary-cavernous). 

Treatment of hemangiomas has recently been modi- 
fied following numerous reports regarding the success of 
beta-blocker therapy for these lesions (27-29). Recent 
studies have demonstrated rapid and consistent thera- 
peutic effects of beta-blockers on infantile hemangiomas 
(29). Buckmiller et al. treated over 30 patients with pro- 
pranolol (2 mg/kg/d, tid. dosing), and 97% of lesions 
displayed improvement in the quality of the hemangioma. 


Side effects noted included somnolence (27%) and reflux 
(10%) (30). While hemangiomas typically undergo spon- 
taneous resolution and have recently been treated with 
beta-blocker therapy, laser and surgical therapies continue 
to be utilized for hemangiomas that alter vital functions, 
demonstrate ulceration, or cause significant cosmetic dis- 
figurement (31). PDLs have been utilized for superficial 
lesions to lighten the lesion, induce regression, and pos- 
sibly halt growth (Fig. 194.5) (5,32). Early studies found 
that PDL treatment possibly prevented enlargement and 
promoted involution. However, recent studies have called 
into question the ability of PDL to alter the natural course 
of hemangiomas. For example, a randomized controlled 
study by Batta et al. (33) found that PDL treatment ver- 
sus observation in early hemangiomas resulted in similar 
clearance or residual signs of hemangioma at 1 year. This 
study also found that PDL treatment increased the likeli- 
hood of skin atrophy (P = 0.008) and hypopigmentation 
(P = 0.001) compared with observation (33). Additionally, 
other studies have noted that early PDL treatment may not 
decrease deeper hemangioma growth. The KIP and argon 
lasers can also be used for hemangiomas due to their pho- 
tocoagulation selectivity. 

The 1,064-nm Nd:YAG laser has been used effectively 
for deeper hemangiomas that failed to respond to other 
methods of treatment. Clymer et al. (34) treated children 
with hemangiomas with the 1,064-nm Nd:YAG laser using 
an interstitial technique and found a reduction in size of 
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lesions and achieved good results without lesion reexpan- 
sion (Fig. 194.6). 

Combined treatment using both the PDL and the 
Nd:YAG laser can be utilized for hemangiomas with both 
superficial and deep components. The Nd:YAG laser is 
often initially used to treat the deep component percutane- 
ously. Settings typically include a 600-um bare fiber, 10 to 
20 J, and 0.5 to 1.0 pulse width. Ultimately, the settings of 
each laser type depend on the manufacturer and the spe- 
cific laser utilized. Lesions are treated in a radial fashion 
to spare the overlying skin and deeper structures. These 
treatments may be repeated every 6 to 8 weeks. Once the 
bulk of the lesion is satisfactorily decreased, the superficial 
component may be treated with a PDL. Swelling should be 
expected postoperatively. 


Capillary Malformations (Port-Wine Stains) 

Port-wine stains (congenital capillary vascular malforma- 
tions) are benign lesions within the dermis that are usually 
present at birth. Port-wine stains are present in approxi- 
mately 0.3% to 0.5% of the population with 5% of these 
lesions associated with Sturge-Weber syndrome or Klippel- 
Trenaunay syndrome (3). These lesions are flat and pink to 
red in color. With age, these lesions can become darker and 
thicker with increased nodularity. The most common loca- 
tion for port-wine stains is the V, distribution of the face. 
While these lesions are typically not life-threatening, cap- 
illary malformations have been found to have significant 


7 . Figure 194.5 A: Right lateral 
: nasal hemangioma, pretreatment. B: 
~ Appearance following FEDL treatments 


of hemangioma. 


3206 


Section X: Facial Plastic and Reconstructive Surgery 


Figure 194.6 A: Left lower lip and buccal hemangioma, pretreatment. B: Posttreatment appear- 
ance following multiple Nd:YAG laser treatments with serial excisions over 2.5 years. 


psychological consequences. Troilius et al. (35) found that 
port-wine stains negatively affected the lives of 75% of 
259 children with these lesions. Additionally, earlier age 
at treatment has been associated with improved response 
rates. 

The first treatment popularized for port-wine stains was 
the argon laser (488 to 514 nm). With limited penetration 
(0.1 mm), significant melanin absorption, and develop- 
ment of blistering and scarring, this treatment has largely 
been abandoned. Currently, PDLs with wavelengths 
between 585 and 595 nm are utilized. Treatment response 
is dependent on location, color, skin type, and age of 
patient (5). Two types of lesions have been described: type 
1 have ectasias of the capillary loops and have a better 
response to PDL, while type 2 have dilated ectatic vessels 
in a ring pattern in the superficial horizontal plexus and 
demonstrate a poor response to PDL treatment. Treatment 
of port-wine stains with the PDL is effective with two 
Passes per treatment with first pass settings of 5 to 6 J/cm’, 
pulse width of 0.5 ms, and a spot size of 10 mm and sec- 
ond pass settings of 0.5 to 1.0 J/cm’, pulse width of 2.0 ms, 
and a spot size of 10 mm. Cooling devices should be used 
with all treatments (5). PDL with epidermal cooling has 
also been used with pulse durations from 0.45 to 3 ms 
(5,6). Port-wine stains usually require multiple treatments 
repeated approximately every 2 to 3 months (Fig. 194.7). 
Ho et al. (36) performed a study with PDL or Nd:YAG 
treatment of port-wine stains on 107 Chinese patients 
and noted that 6.1 treatments were necessary for maximal 
lesional resolution. Additionally, Chan et al. (37) per- 
formed a study on port-wine stain treatment with Nd:YAG 
on 22 Chinese patients and noted that this treatment was 
only partially effective. The copper vapor laser and con- 
tinuous dye laser have also been used for the treatment 
of port-wine stains (38,39). IPL treatment has been used 
with success in port-wine stains although most believe 
that patients with port-wine stains respond better to PDL 
treatment. 


Venous Malformations 
Venous malformations are treated when causing pain or 
functional problems (5). Treatment of these lesions typi- 
cally consists of Nd:YAG laser (1,064 nm) therapy. Previous 
treatment options consisted of sclerotherapy, compres- 
sion, or surgical resection. Treatment of these lesions can 
occur intralesionally or superficially (5). The Nd:YAG laser 
allows for deep vessel coagulation with penetration up to 
4 mm. Superficial cooling is used to limit epidermal damage. 
The main goal of treatment is to reduce bulk and improve 
contour. Settings that have been found to be effective for 
lesions with traceable vessels from 1 to 3 mm in diameter 
include a 6-mm spot handpiece, 80 J/cm’, 50 ms pulse 
width, and frequency of 1 Hz (5). For vessels less than 1 mm, 
settings that have been utilized include a 3-mm spot hand- 
piece, 150 J/cm’, and 30 ms pulse width (5). Treatment of 
these lesions can occur at the earliest 8 weeks following pre- 
vious treatment. Good results have been noted with Nd:YAG 
treatment of venous malformations (5,40). Care must be 
taken with Nd:YAG laser treatment of venous malforma- 
tions as hypopigmentation, scarring, blistering, or burns can 
occur. Sclerotherapy for the deep vessels can be combined 
with laser treatments for the superficial vessels (5). 


Telangiectasias 

Telangiectasias are dermal lesions characterized by small 
ectatic vessels. A variety of subtypes have been described 
including linear, arborizing, punctuate, and spider (nevi or 
angiomas). The development of telangiectasias is thought 
to be related to estrogen, nasal trauma, surgery, and genetic 
susceptibility. 

Facial telangiectasia treatment is based on selective ther- 
molysis of oxyhemoglobin. Common lasers used for these 
lesions include the 595-nm PDL, 532-nm KTP laser, and 
520-nm and 1,200-nm IPL (6). Other lasers used include 
the copper vapor laser and continuous-wave yellow dye 
laser. Many surgeons use the PDL with pulse stacking and 
multiple pass technique with good results (41). Common 


settings for the PDL for telangiectasias include 10-mm spot 
size, fluences of 6.5 to 7.5 J/cm’, and pulse duration of 6 to 
10 ms (6). KTP laser treatment has been utilized for telangi- 
ectasias with surrounding erythema with single-pass treat- 
ments using 10-mm spot size, 20 to 30 ms, and fluences of 
7 to 10 J/cm? (6). Smaller spot sizes are used for smaller 
lesions. IPL devices with wavelengths of 520 to 1,200 nm 
have also been used for telangiectasias. Epidermal cool- 
ing and evaluation of skin pigmentation are important for 
the successful application of this laser. Given the melanin 
absorption, hypopigmented patches and blistering can 
be side effects of using this laser on tanned or greater pig- 
mented skin without selective filter utilization (6,42). 

Generally, when treating telangiectasias, one should use 
the smallest spot size and lowest power that will obliterate 
the dilated vessel. This will avoid nonselective, surround- 
ing tissue damage. Treatment ensues by tracing vessels 
until the dilated vessel disappears. Spider telangiectasias 
are treated by obliterating the periphery of the radial ves- 
sels and moving toward the center with treatment of the 
central vessels last (3). Treatment of telangiectasias usually 
occurs at a lower energy density than that needed for treat- 
ment of port-wine stains, and retreatment may occur 6 to 
8 weeks following previous treatment. 


Hereditary Hemorrhagic Telangiectasia 

Hereditary hemorrhagic telangiectasia (HHT, Osler-Weber- 
Rendu syndrome) is an autosomal dominant disease 
that causes telangiectatic lesions on the skin and mucous 
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A: Pretreatment 
appearance of a right port-wine 
stain. B: Clinical response of this 
lesion following multiple FEDL 
treatments over a 1-year period. 
Note the decreased size and dis- 
coloration. 


membranes. Patients with HHT often experience epistaxis 
(~90%) and/or bleeding from lips, gingiva, tongue, buc- 
cal mucosa, or hard palate. Patients with this disease may 
also have arteriovenous malformations in the lungs or 
brain (43). On histologic examination, ectatic vessels are 
observed with incomplete surrounding muscular layers. 

Septodermoplasty has been utilized, sometimes in com- 
bination with lasers, to treat severe epistaxis (44,45). Lasers 
utilized to treat HHT have included CO,, argon, Nd:YAG, 
and KTP. Given its superficial effects and vaporization of 
the overlying mucous membrane, the CO, laser is not the 
ideal choice for patients with HHT. Argon and KTP lasers 
provide for vascular selectivity for this disease process. 
Additionally, the deeper penetration of the Nd:YAG laser 
allows for effective coagulation of the lesions in HHT (46). 
Treatment of these lesions is typically performed with 
a free fiber that is held above the mucosal surface, and 
the lesion is treated in a rosette fashion by encircling the 
central portion and subsequently coagulating the central 
lesion. Nd:YAG treatment generally consists of a power set- 
ting of 10 to 25 W with an exposure time of 0.5 seconds. 
KTP treatment generally consists of a power setting of 6 W 
with an exposure time of 0.5 seconds with a slightly defo- 
cused beam. 


Pigmented Lesions 

Pigmented lesions can include benign lentigines, freckles, 
café au lait spots, congenital nevi, melasma, or tattoos. It 
is unclear how lasers produce pigment destruction but it 
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is believed that photoacoustic damage to the cell by heat- 
ing and expansion of melanosomes occur causing pigment 
breakup with phagocytosis and clearing. 

Lasers often used to treat pigmented lesions include the 
pulsed dye (510 nm), copper vapor (511 nm), frequency- 
doubled Q-switched Nd:YAG (532 nm), KTP (532 nm), 
Q-switched and long-pulsed ruby (694 nm), Q-switched 
and long-pulsed alexandrite (755 nm), and Q-switched 
Nd:YAG (1,064 nm). The PDL is effective for lentigines, 
freckles, café au lait spots, and bright tattoo pigments such 
as red, purple, or orange. The ruby laser is preferentially 
absorbed by melanin and has a deeper level of penetra- 
tion for effective treatment of the dermis. The Q-switched 
ruby laser is often used for removal of amateur blue-black 
tattoos. Red tattoos and other pigmented lesions are often 
removed with the frequency-doubled Q-switched Nd:YAG 
laser. The Q-switched alexandrite laser, with deeper pene- 
tration, is often used for pigmented lesions, lentigines, café 
au lait spots, and freckles. This laser can also be used to 
remove blue and green tattoos. In a previous study, it was 
shown that lentigines in dark-skinned patients responded 
better to long-pulsed 532-nm Nd:YAG laser treatment than 
Q-switched Nd:YAG laser treatment (47). The KTP laser 
is effective for solar lentigines and photoaging although 
darker skin types have been shown to have a higher side 
effect profile (48). Tattoo removal generally requires 5 to 
10 treatments, while superficial lentigines and freckles can 
often be treated once. 


Hair Removal 

Lasers allow for effective although not permanent hair 
removal with less pain than electrosurgical techniques. The 
results of laser hair removal typically outlast traditional 
techniques including shaving, waxing, plucking, or elec- 
trolysis. Laser hair removal is much more effective on hair 
in the growth or anagen phase. Lasers with wavelengths 
between 690 and 1,100 nm, to target melanin, are primar- 
ily used for hair removal. The lasers often utilized are the 
red-light, IR, and filtered flashlamp IPL lasers. In removing 
hair, the pulse width of the laser roughly approximates the 
thermal relaxation time of the tissue (~10 to 100 ms) to 
adequately heat the targeted follicles. Cooling systems are 
used to limit the injury to surrounding areas. 

The long-pulsed ruby laser (694 nm), long-pulsed alex- 
andrite laser (755 nm), diode lasers (800 nm), filtered 
flashlamp IPL, and the Nd:YAG laser (with a carbon sus- 
pension) have been used for the process of hair removal. 
Several of these lasers have been shown to remove hair 
temporarily and provide long-term hair reduction, 
although multiple treatments are typically necessary for 
permanent results to be achieved (49,50). Dark-haired, 
light-skinned individuals typically have the best results 
with laser hair removal. Patients with darker skin colors 
are at a higher risk for hypopigmentation and have been 
shown to be more safely treated with longer wavelength 
lasers (51). A new technique that provides skin cooling 
with longer-pulse width laser treatments has increased 
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the efficiency and decreased the side effects experienced 
by patients with darker skin colors during hair removal 
(52,53). 


Skin Resurfacing and Rejuvenation 

Lasers allow for skin resurfacing and rejuvenation in a con- 
trolled and reproducible manner. The water chromophore 
is targeted by the lasers used for this purpose. Vaporization 
is typically achieved in skin at approximately 5 J/cm? 
delivered in less than 1 ms. Lasers for skin resurfacing and 
rejuvenation are typically used for patients with rhytids, 
photoaging, and scarring. 

CO, and erbium lasers are typical choices for resurfac- 
ing procedures. High-energy, short-pulsed systems with 
single pulses of 600 ms duration with fluences of 5 to 
7 J/cm? have been used with the CO, laser. These systems 
minimize thermal damage. Another system utilizes scan- 
ning technology. With this system, a continuous laser 
beam with a microprocessor-controlled scanner moves 
the beam across the tissue to limit the dwell time at any 
point. Typical fluences are 5 to 15 J/cm? for this system. 
Erbium lasers rapidly ablate tissue with little thermal effect 
and cause less tissue shrinkage and faster reepithelializa- 
tion. The CO, laser has also been used effectively for laser- 
assisted blepharoplasty (54). Rejuvenation of skin is often 
performed with IPL, PDLs, and Nd:YAG lasers (55-59). 
Shorter wavelength lasers have been shown to be better 
for the vascular and pigmentation effects from photoag- 
ing, while longer wavelength lasers are more effective for 
wrinkles (60). More recently, the fractionated CO, laser 
has been employed for laser resurfacing with improved 
results and less side effects than traditional CO, laser treat- 
ments (21). To achieve desired results, appropriate peri- 
operative care, skin preparation, herpes prophylaxis, and 
local anesthesia are important. A pink color occurs follow- 
ing removal of the epidermis, a gray color indicates the 
papillary dermis, and a chamois yellow color indicates the 
reticular dermis. 

Rhinophyma is a disease characterized by hyperplasia 
of the sebaceous glands and connective tissue. Most physi- 
cians use the CO, laser (5 to 10 W, continuous mode) for 
treatment of this disease. This laser allows the surgeon to 
sculpt the nose with precise excision and ablation of the 
tissue. Hemostasis is achieved with this laser and postop- 
erative pain is minimal. The large nodules of rhinophyma- 
tous tissue are excised, and a defocused laser is then used 
to ablate the remainder of the lesion in a paintbrush style 
(Fig. 194.8). 


Cutaneous Malignancies 

The CO, laser can be used to excise basal and squamous 
cell carcinomas. This laser allows for sealing of vessels 
0.5 mm or larger in diameter in a defocused mode. This 
laser can also be used for flap elevation or undermin- 
ing. Postoperative pain is also reduced as nerve endings 
are sealed during the procedure. Photodynamic therapy 
is innovative and combines light-sensitive drugs that are 
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A: Pretreatment appearance of rhinophyma. B: Posttreatment appearance of rhino- 


phyma following CO, laser ablation and excision. 


given intravenously and concentrate in skin and neo- 
plasms with lasers in an attempt to destroy nonmelanoma 
skin malignancies. 


Expected Results 


Realistic goals should be outlined with the patient and/or 
guardian preoperatively. Often, treatment of facial lesions 
is not designed or even capable of achieving complete res- 
olution, and this should be discussed prior to initiation of 
any therapy. Risks, benefits, and alternatives should also be 
discussed in a forthright manner. Outlining the expected 
goals and demonstrating previous/realistic outcomes with 
patient photographs can be helpful. 


Complications and Management 


Complications in laser surgery are primarily avoided by 
understanding laser physics, laser-tissue interactions, and 
selecting lasers for appropriate indications. Approved train- 
ing and safety courses should be attended by all surgeons 
desiring to perform laser surgery. Additionally, common side 
effects including hyperpigmentation, hypopigmentation, 
blistering, crusting, milia, purpura, scarring, infection, and 
erythema can result from routine laser treatments and should 
be fully discussed with the patient and family preoperatively. 


Radiation hazards can cause injury to the eyes or skin. Eye 
injury may occur via direct intrabeam viewing or reflected 
laser light (5,24). Lasers with wavelengths in the 400 to 1,400 
nm range of electromagnetic radiation can cause retinal 
damage as a result of laser beam focusing on the retina (24). 
Wavelengths of less than 400 nm or greater than 1,400 nm 
can produce corneal injury (24). Goggles protecting against 
laser-specific wavelengths should be worn at all times by all 
individuals in the operating room. Eye protection for the 
patient is also necessary. The eyes of the patient are often 
protected by taping the eyelids in the closed position with 
nonflammable, non-melting tape and covering the eyelids 
with saline-moistened gauze (5). Aluminum foil is then 
used to cover the periorbital region (5). Additionally, metal- 
lic corneal protectors (instead of plastic) should be used 
when using lasers in the periorbital region. Furthermore, the 
patient should have saline-moistened towels draped over all 
exposed, uninvolved facial skin as misdirected or reflected 
laser energy can result in burns (5). These inadvertent burns 
can also be avoided by placing the laser in standby mode or 
turning off when not utilizing the machine. 

Chemical hazards associated with laser are often related 
to the dyes used for the laser medium. These dyes should 
only be changed by servicing individuals. Secondary haz- 
ards associated with laser usage include fire, noise, and 
high-voltage irradiation. The risk of fire is reduced by using 
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moistened towels in the operative field and minimizing 
misdirected laser energy (5). Management of the side 
effects and complications associated with laser treatment 
should address the underlying etiology and _ typically 
includes symptomatic treatment. 


CONCLUSIONS 


Laser treatment in facial plastic surgery must be individual- 
ized for each patient. Lasers are often important for the tar- 
geted treatment of facial lesions. Lasers are selected based 
on the type of lesion, chromophore content of the tis- 
sue, desired biologic effect, and characteristics of the laser 
including wavelength and energy density. When a surgeon 
comfortably understands the interplay between lesion or 
disease pathophysiology and laser characteristics, appro- 
priate treatment and improved patient outcomes can be 
achieved. 


Appropriate treatment of facial lesions requires an 
understanding of the pathophysiology underlying 
the etiology of the lesion and knowledge of nonsur- 
gical and surgical options. 

m Lasers are important tools in the armamentarium 
of facial plastic and reconstructive surgeons and are 
often utilized for the treatment of facial lesions. 

m= Lasers can allow for targeted treatment of facial 
lesions and produce light that is monochromatic, 
collimated, and coherent. 

= Lasers are selected based on the type of lesion, chro- 
mophore content of the tissue, desired biologic 
effect, and characteristics of the laser including 
wavelength and energy density. 

= Continued advancements in laser technology have 

improved results of laser treatment of lesions of the 

head and neck. 
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Management of Benign 
Facial Lesions 


Karen J. Sundby 


Successful management of facial lesions depends on 
accurate diagnosis, knowledge of natural history, and use 
of a specific appropriate treatment. A functional classifi- 
cation scheme, together with history and physical exami- 
nation, allows narrowing of diagnostic possibilities. Most 
benign facial lesions are noninflammatory, including vari- 
ous tumors, cysts, and melanocytic lesions (Table 195.1). 
Important exceptions include specific infectious, degenera- 
tive, and metabolic conditions that clinically appear and 
behave as inflammatory disorders (e.g., verruca, mollus- 
cum contagiosum). “Benign” facial lesions can signal seri- 
ous systemic diseases (Tables 195.2 to 195.4). 


Important questions to ask relate to duration of lesion, 
family history, fluctuation in size or drainage of any mate- 
rial, rapidity of onset, pain (e.g., leiomyomas are often 
spontaneously painful), and associated physical find- 
ings (eg., tuberous sclerosis). Inspection and palpation 
are aided by adequate lighting or side lighting. Diascopy 
(pressing a clear microscope slide over the lesion to deter- 
mine whether it is blood-filled—i.e, of vascular origin) 
also is useful. The lesion is classified by depth (epidermal, 
dermal, or subcutaneous) and other characteristics (cystic 
vs. solid; tenderness; color; texture; mobility; surface fea- 
tures, such as smooth or verrucous; presence of a central 
punctum), distribution and arrangement of lesions, and 
associated inflammation. 


Epidermal lesions are most common, including seborrheic 
keratosis, actinic keratosis, comedones, milia, cutaneous 
horn, and epidermal cysts (1-5). 

Actinic keratosis (or solar or senile keratosis) is com- 
posed of small, usually multiple erythematous lesions on 


3212 


John A. Zitelli 


sun-exposed areas, such as the face, exposed scalp, and 
dorsum of the hands. They have a rough, adherent scale 
and are more easily felt than seen. Actinic keratosis can 
develop into squamous cell carcinoma (10% to 20%), 
which usually does not metastasize. The lifetime risk of 
squamous cell carcinoma in an individual with actinic ker- 
atosis has been estimated to be 6% to 10% (6,7). 

An analogous lesion to an actinic keratosis, actinic chei- 
litis (Fig. 195.1), occurs on the lip’s vermilion border. It 
presents with hyperkeratosis, erosions, and a dull opaque- 
ness. 

Cutaneous horns (Fig. 195.2) are hyperkeratotic coni- 
cal lesions whose height is at least half their largest diam- 
eter. Various types of lesions may be present at their bases 
(actinic keratosis, verruca, squamous cell carcinoma, seb- 
orrheic keratosis, and rarely trichilemmoma or basal cell 
carcinoma). Cutaneous horns require adequate removal so 
their bases can be examined histopathologically (8). 

Seborrheic keratoses have brownish-black, verrucous 
papules or plaques with a “stuck-on” appearance, reflecting 
their epidermal origin. The sign of Leser-Trélat, the abrupt 
appearance or explosive expansion in size and number of 
multiple seborrheic keratoses, especially if accompanied 
by pruritus, has been implicated as a cutaneous marker 
of internal malignancy (9,10). In black patients, they may 
appear on the face as multiple brown to black papules over 
the cheeks, called dermatosis papulosa nigra. 

Epidermal cysts are often compressible and may have 
visible puncta. If they have been inflamed, they may be 
fixed to surrounding tissue. It may be difficult to tell epider- 
mal cysts from lipomas or neurofibromas. Lipomas are soft 
and often lobulated, lack puncta, and are movable against 
overlying skin. Neurofibromas similarly lack puncta and 
often display “button-holing” (described later). 

Milia are small, yellowish-white, 1- to 2-mm papules. 
Primary milia develop spontaneously, commonly in new- 
borns and people who are predisposed to them. Secondary 
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TABLE 


195.1 


Inflammatory lesions Non-skin-appendage tumors 


Xanthelasma Vascular 
Molluscum Hemangiomas (capillary, cavernous, flammeus) 
Verruca Angiomas 


Telangiectasias 
Pyogenic granuloma 
Venous lake 


Noninflammatory lesions 
Epidermal tumors and cysts 


Seborrheic keratosis Fibrous 
Epidermal cyst Soft fibroma (skin tag) 
Milia Fibrous papule 


Dermoid cyst 

Actinic keratosis 

Keratoacanthoma 

Comedones 

Cutaneous horn 
Skin-appendage tumors 

Trichofolliculoma 


Adenoma sebaceum (angiofibroma) 
Hypertrophic scar/keloid 
Neural 
Neurofibroma 
Fatty/muscular/osseous 
Lipoma 
Multiple miliary osteomas 


TABLE 


195.2 


Trichoepithelioma 

Pilomatricoma 

Trichilemmoma 

Nevus sebaceous 

Sebaceous hyperplasia/rhinophyma 
Hidrocystoma 

Syringoma 


Leiomyomas 
Melanocytic lesions 
Nevi 

Lentigines 
Ephelides (freckles) 
Nevus of Ota 

Blue nevus 


Spitz nevus 


Disease 


Neurofibromatosis 


Tuberous sclerosis 


Gardner syndrome 


Muit-Torre syndrome 


Cowden disease 


Multiple endocrine 
neoplasia (type 2b) 


Onset 


Variable to adulthood, seven 
types 


Variable (early childhood to young 
adult life) 


May first appear at age 7-10, 50% 
display syndrome by age 20 


Variable 


Variable 


Early childhood 


Cutaneous Features 


Neurofibromas 
Cafe-au-lait macules 
Axilliary freckling 


Angiofibromas (adenoma 
sebaceum, shagreen patches, 
periungual fibromas, ash leaf 
white macules) 

Multiple epidermal cysts 


Sebaceous tumors of skin (most 
are adenomas) with or without 
keratoacanthomas (often very 
large) 

Multiple trichilemmomas, gingival 
fibromatosis 


Neuromas of oral and nasal 
mucosa, upper Gl tract, 
and conjunctiva; lentigines; 
“blubbery” lips 


CNS, central nervous system; PNS, peripheral nervous system; Gl, gastrointestinal. 


Systemic Features 


Multiple skeletal, endocrine, and 
neurologic abnormalities; 
increased incidence of 
malignancy (Wilms, CNS/PNS 
rhabdomyosarcoma, leukemia) 

Mental retardation, epilepsy, 
multiple organ hamartomas 
(eye, kidney, heart) 


Malignant degeneration (40%), 
osteomas of facial bones, 
fibromas, lipomas, leiomyomas 
of stomach or ileum 

Visceral neoplasms (often 
multiple, especially Gl, larynx, 
endometrium) 


Greatly increased risk of breast 
carcinoma, thyroid adenomas, 
and carcinomas 

Increased risk for medul- 
lary thyroid carcinoma, 
pheochromocytoma, marfanoid 
habitus, kyphoscoliosis 
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TABLE 


195.3 


Disease 


Rothmund-Thomson 
syndrome 


Bloom syndrome 


Cockayne syndrome 


Hereditary hemorrhagic 
telangiectasia 
Ataxia-telangiectasia 


Onset Cutaneous Features 


3 mo-2 y 


Telangiectasias, mottled pigmentation, 


and atrophy (poikiloderma) of face, 
arms, legs, buttocks 

Infancy Erythema and telangiectasias of butterfly 
area of face, forehead, ears, lids, hands, 
and forearms 


Second year 


Erythema and mottled pigmented scarring 


of butterfly area of face 


Childhood 


Punctate or linear telangiectasias of face, 


lips, ears, conjunctiva, upper trunk, arms 
3-5 y Linear telangiectasias of conjunctiva, 
eyelids, ears, cheeks 


A differential diagnosis also includes the collagen vascular diseases and liver diseases. 
Modified from Champion RH, Burton JL, Burns AD, et al., eds. Rook’s textbook of dermatology, 6th ed. London, UK: Blackwell, 1998, with 


permission. 


TABLE 


195.4 


Systemic Features 


Moderate dwarfism, sparse hair, 
cataracts, photosensitivity 


Dwarfism, photosensitivity 


Physical and mental retardation, 
loss of subcutaneous fat on 
face, Mickey Mouse ears 

Mucosal hemorrhage 


Dwarfism, ataxia 


Disease 


Neurofibromatosis 
Albright syndrome 


Peutz-Jeghers 


LEOPARD syndrome 


Lamb syndrome 


Name syndrome 


Centrofacial lentiginosis 


Cronkhite-Canada 
syndrome 


Onset 


See Table 195.1 
Melanotic macules appear 
soon after birth. 


Hyperpigmented macules 
are usually present at 
birth or early childhood. 


Lentigines appear in 
infancy and increase in 
numbers. 


Lentigines appear in first 
years of life. 


Cutaneous Features 


See Table 195.1 
Melanotic patches (unilateral) 


Melanotic macules of lips and 
oral mucosa 


Multiple lentigines 


Facial and genital lentigines, 
mucocutaneous myxomas, 
blue nevi 

Nevi, myxoid neurofibromata, 
freckling (ephelides) 

Midfacial freckling, sacral 
hypertrichosis, fusion of 
eyebrows 


Melanotic macules on face, 
extremities, alopecia, 
onychodystrophy, 
hyperpigmentation 


Systemic Features 


See Table 195.1 

Polyostotic fibrous dysplasia, 
precocious puberty, 
endocrine dysfunctions 

Degeneration (2%-3%) of 
granulosa cell tumors in 
females (20%), increased 
association of duodenal 
cancer 

Ocular hypertelorism, 
pulmonary (Moynahan 
syndrome) stenosis, 
abnormalities of genitalia, 
growth restriction, deafness 
(neural) 

Atrial myxomas 


Atrial myxoma 


High arched palate, missing 
upper incisors, seizures, 
mental retardation, scoliosis, 
spina bifida 

Gastrointestinal polyposis 


LEOPARD, lentigines, electrocardiographic abnormalities, ocular hypertelorism, pulmonary stenosis, abnormal genitalia, retardation of growth, 


deafness. 


Chapter 195: Management of Benign Facial Lesions 


OE 


Figure 195.1 Actinic cheilitis. (From Werner R. Massage thera- 
pist’s guide to pathology. Philadelphia, PA: Lippincott Williams & 
Wilkins, 2012, with permission.) 


milia may develop from trauma; from subepidermal 
blistering diseases, in areas of topical corticosteroid—induced 
atrophy; or postdermabrasion. In the latter case, the milia 
are probably a proliferative postinjury epithelial response. 

Comedones superficially resemble milia but occur in 
specific situations. Open comedones (blackheads) are 
small (1- to 2-mm) papular lesions with a central black 
plug. They are usually multiple, occurring with acne vul- 
garis or actinically damaged skin. Closed comedones 
(whiteheads) are 1- to 2-mm white lesions seen with acne 
vulgaris. Histologically, comedones are dilated cystic hair 
follicles filled with keratinous and lipoid material. 


SKIN-APPENDAGE TUMORS 


Skin-appendage tumors have diverse clinical presentations. 
They are common on the face and scalp because of the 
numerous appendageal structures there. 

Many facial appendage tumors are small skin-colored 
papules. Trichofolliculomas occur in adults as solitary 
facial lesions. They have a central pore with a white wool- 
like tuft of hair, a diagnostic feature. 


Figure 195.2 Cutaneous horn. (From Goodheart HP. Goodheart’s 
same-site differential diagnosis: a rapid method of diagnosing 
and treating common skin disorders. Philadelphia, PA: Lippincott 
Williams & Wilkins, 2010, with permission.) 


3215 


Trichoepitheliomas are also small, flesh-colored pap- 
ules. They are solitary or multiple. Multiple lesions are 
autosomal dominant, first appearing in childhood, with 
the number of lesions gradually increasing. Multiple 
trichoepitheliomas cluster around the central face and can 
occur with cylindromas, another benign appendage tumor 
often occurring on the scalp. These can grow together, 
resembling a turban (turban tumor). At times, tricho- 
epitheliomas can be confused with basal cell carcinomas, 
both clinically and pathologically. 

Trichilemmomas are small, pink to brown facial pap- 
ules, in solitary and multiple forms. The multiple form 
can be a feature of the multiple hamartoma syndrome or 
Cowden disease, an autosomal-dominant genodermatosis 
associated with a high incidence of neoplasms (both 
benign and malignant) of the breast and thyroid, which 
occur in up to two-thirds of patients (11). Multiple trichi- 
lemmomas occur in all patients with Cowden disease and 
precede development of breast cancer, allowing identifica- 
tion of women at risk. These lesions appear nonspecific 
or can resemble small verrucae. In Cowden disease, oral 
lesions appear as 1- to 3-mm skin-colored papules that can 
assume a subtle cobblestone appearance or be so extensive 
that they involve the entire oral cavity, including the tongue. 

Sebaceous hyperplasia is a common papular lesion 
occurring in older people. It is composed of 2- to 3-mm 
yellow to orange lobulated papules with a slight central 
umbilication. They can be solitary or multiple, commonly 
on the forehead and nose (highest number of sebaceous 
glands). They are enlargements of normal sebaceous 
glands. They also can occur with cyclosporine use and can 
be a feature of acne rosacea (rhinophyma) (Fig. 195.3). 

Syringomas are small, flesh-colored to translucent pap- 
ules that are intraepidermal eccrine duct adenomas. A syr- 
ingoma may occur at any site on the body but are prone 
to occur in the periorbital area, especially the eyelids. 


Figure 195.3 Rhinophyma. (From Werner R. Massage thera- 
pist’s guide to pathology. Philadelphia, PA: Lippincott Williams & 
Wilkins, 2012, with permission.) 
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Figure 195.4 Pilomatricoma. (From Lugo-Somolinos A, McKinley- 
Grant L, Goldsmith LA, et al. VisualDx: essential dermatology in 
pigmented skin. Philadelphia, PA: Lippincott Williams & Wilkins, 
2011, with permission.) 


Syringomas often have a predilection for apocrine areas 
(axillae, vulva) or eruptive forms on the trunk or in derma- 
tomal patterns. The lesions are removed from women more 
commonly than men, although it is not entirely clear that 
this represents a gender predilection rather than biopsy 
selection bias resulting from cosmetic or social factors. 
Hidrocystomas are small, uncommon cystic periorbital 
lesions, most commonly seen on the eyelid margin. They 
are 2 to 15 mm in diameter, with a translucent bluish qual- 
ity. Apocrine hidrocystomas are larger and solitary, whereas 
eccrine hidrocystomas are smaller and multiple. 
Pilomatricomas (Fig. 195.4) are tumors typified by fol- 
licular matrical cornification, usually presenting as a soli- 
tary, hard, deep-seated nodule, usually on the face or upper 
extremities. The nodules may have a faint bluish-red color 
and are sharply demarcated, ranging in diameter from 0.5 
to 3.0 cm. They are common in children and young adults. 
Nevus sebaceus (Jadassohn nevus; Fig. 195.5) is a ham- 
artoma that exhibits follicular, sebaceous, and apocrine 
malformation to varying degrees (12). The lesion is a con- 
genital lesion presenting as a solitary, often linear, slightly 
raised, orange-yellow hairless plaque on the scalp or face. 
Its morphologic appearance changes with the activity of 
underlying sebaceous glands by becoming more verrucous 
and nodular at puberty. It is well-established that nevus 


Figure 195.5 Nevus sebaceus. (Image provided by Stedman’s.) 
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sebaceus may develop secondary adnexal neoplasms, 
most commonly benign but sometimes malignant. 
Trichoblastoma and _ syringocystadenoma papilliferum 
are the most commonly found benign neoplasm, whereas 
basal cell carcinoma is found in less than 1% of the cases 
(13-15). Patients rarely have extensive nevus sebaceus 
plaques with an associated neurocutaneous syndrome 
(epilepsy, mental retardation, skeletal deformities). 


NON-SKIN-APPENDAGE TUMORS 


Lesions derived from non-skin-appendage elements 
include vascular, fibrous, neural, fatty, muscular, and osse- 
ous tissues (1-4). 


Vascular Tumors 


Cherry angiomas are a very common, benign vascular 
proliferation found on most adults. They are bright-red, 
dome-shaped papules, 2 to 4 mm in diameter, most com- 
monly found on the trunk and extremities. Patients usually 
bring these to the attention of the physician when they are 
chronically traumatized or cosmetically undesirable. 

Vascular malformations include capillary malforma- 
tions (port-wine stain), venous malformations (cavernous 
hemangioma), lymphatic malformations (lymphangioma, 
lymphangioma circumscriptum, cystic hygroma), and arte- 
riovenous malformations. It is important therapeutically 
and prognostically to distinguish among these. Port-wine 
stains (capillary malformation) are often present at birth 
as large, flat, pink, well-demarcated patches that demon- 
strate a growth pattern that parallels the growth of the 
child. With age, the affected skin develops a more pro- 
nounced red color, thickens, and becomes more nodular. 
Various syndromes are associated with capillary malfor- 
mations. Sturge-Weber syndrome is a sporadic neurologic 
disorder in which a facial capillary malformation (usually 
V1 distribution of the trigeminal nerve) is associated with 
ipsilateral ocular and leptomeningeal anomalies. When 
capillary malformations occur on an extremity, a progres- 
sive overgrowth of the affected extremity may occur with 
underlying osteohypertrophy and arteriovenous fistulae, 
which is known as Klippel-Trenaunay syndrome. 

Capillary hemangiomas are more common in females 
and premature infants. They appear between the third and 
fifth weeks of life, grow for several months to 1 year, and 
then regress. Of capillary hemangiomas, 70% regress by 
age 7 years. Ultimately, only 6% are cosmetically problem- 
atic. Histologically, there is vascular endothelial cell prolif- 
eration. 

The most common acquired hemangioma is a pyo- 
genic granuloma, often found on the face and extremi- 
ties. It is a rapidly growing, friable, solitary red papule 
or polyp that frequently ulcerates and easily bleeds. 
Pyogenic granulomas are often precipitated by minor 
trauma or pregnancy. 
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Figure 195.6 Osler-Rendu-Weber disease (hereditary hemor- 
rhagic telangiectasia). (From Schaaf CP, Zschocke J, Potocki L. 
Human genetics. Philadelphia, PA: Lippincott Williams & Wilkins, 
2011, with permission.) 


The second major group of vascular lesions of the face 
are the ectasias, or dilatations of blood vessels (not new 
vessel growth). These include telangiectasias and venous 
lakes. Most are acquired or may have syndromal features 
(Table 195.3). 

Facial telangiectasias are extremely common and consist 
of dilated capillaries that appear as tiny, red, cutaneous ves- 
sels that blanch when pressure is applied. Telangiectasias 
may present in a linear pattern or spider-like with a central 
feeding vessel and radiating dilated vessels. These lesions 
occur with conditions such as rosacea, scleroderma, der- 
matomyositis, radiation dermatitis, chronic alcoholism, 
liver disease, pregnancy, childhood, Osler-Rendu-Weber 
disease (Fig. 195.6), carcinoid syndrome, idiopathic tel- 
angiectasia (generalized essential telangiectasia), or actinic 
skin degeneration. 

Venous lakes are deep-blue cutaneous nodules usually 
on the lips, ears, or face. Histologically, they are dilated 
venules in the dermis that blanch with compression. 


Fibrous Tumors 


Facial fibrous tissue tumors include skin tags, fibrous pap- 
ules, adenoma sebaceum, hypertrophic scars, and keloids. 
A skin tag (soft fibroma) is the most common fibrous 
lesion. These are small (1 to 2 mm), smooth, filiform, 
flesh-colored growths commonly located around the eyes 
or on the neck. They are usually multiple, distinguished 
from verrucae by their smooth surface. Skin tags occur 
elsewhere on the body (particularly the inguinal folds and 
axillae) and can occur as large, solitary, bag-like structures 
on the lower trunk. 

Fibrous papules are solitary, dome-shaped, flesh- 
colored papules located on the central face of adults, most 
commonly the nasal ala and alar crease. These can clini- 
cally simulate intradermal nevi, adnexal tumors, or basal 
cell carcinomas. Sampling biopsies are often done to 
exclude a basal cell carcinoma. Otherwise, these lesions are 
benign and do not require further treatment unless it is of 
cosmetic concern to the patient. 

Hypertrophic scars can be confused with keloids. Both 
are red, raised, smooth, and shiny, but hypertrophic scars 
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Figure 195.7 Keloid. (From Halperin ECC, Perez CA, Brady LW, 
et al. Perez and Brady’s principles and practice of radiation oncology. 
Philadelphia, PA: Lippincott Williams & Wilkins, 2007, with permission.) 


remain within the injury area, whereas keloids (Fig. 195.7) 
extend beyond the original injury site. Hypertrophic scars 
flatten over time, and keloids proliferate. There is famil- 
ial and racial predilection (darker skin pigmentation) for 
keloid formation. Hypertrophic scars develop after wound 
infection or in certain anatomic locations (deltoid, angle 
of mandible, sternum). Keloids are uncommon on the 
face, even in keloid-forming individuals with the exception 
of the ears. 

Adenoma sebaceum (Fig. 195.8) is an uncommon but 
characteristic feature of tuberous sclerosis. Adenoma seba- 
ceum, mental retardation, and epilepsy form the classic 
triad of this dominantly inherited neurocutaneous syn- 
drome. Adenoma sebaceum is a misnomer because these 
growths are not adenomas nor are they sebaceous. These 
growths are actually angiofibromas. They are numerous 
small, reddish, smooth papules symmetrically distributed 
around the nose, cheeks, and chin, sparing the upper lip. 
They first appear in late childhood, so they are a late sign 
of tuberous sclerosis. 


Fatty/Muscular Tumors 


Tumors of fatty, muscular, and osseous tissue occasionally 
occur on the face (1-5). The most common are lipomas. 
Clinically, lipomas are single or multiple, soft, rounded, 


z Pos 


Figure 195.8 Adenoma sebaceum. (From McMillan JA, Feigin RD, 
DeAngelis C, et al. Oski solution. Philadelphia, PA: Lippincott 
Williams & Wilkins, 2006, with permission.) 
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lobulated growths that are freely movable against the 
overlying skin. These collections of mature fat cells with a 
thin connective tissue capsule must be differentiated from 
other soft, round growths such as neurofibromas and epi- 
dermal cysts. 

Leiomyomas occur less commonly on the face. These 
small, firm, reddish-brown nodules arise from erector 
pili hair follicle smooth muscle. They are often multiple, 
arranged in a group or line, and painful. 


Neural Tumors 


Neurofibromas are benign nerve sheath tumors that can 
develop as solitary lesions or as multiple lesions as part of 
neurofibromatosis (NF1) (von Recklinghausen disease). 
Solitary neurofibromas are soft flesh-colored tumors that 
resemble normal nevocytic nevi. They may become pedun- 
culated. When pressed, the tumor easily invaginates through 
a small skin opening (button-hole sign). Subcutaneous neu- 
rofibromas are either deep, firm, discrete nodules or, more 
characteristically, large, flabby, plexiform neuromas that feel 
like a bag of worms. The plexiform neurofibroma is especially 
important because it is considered pathognomonic of neuro- 
fibromatosis and requires proper patient management (16). 


Melanocytic Tumors 


Melanocytic nevi contain intraepidermal or dermal collec- 
tions of nevus cells or both (1-5). 

Melanocytic nevi are congenital or acquired and 
described by their histologic location of the nevus cells 
within the skin as either junctional, compound, or intra- 
dermal. Very few nevi are present at birth; therefore, most 
nevi are acquired and follow a specific life cycle. Most nevi 
appear in childhood, adolescence, or early adulthood, with 
few new nevi developing past middle adulthood. As age 
increases, the number of nevi progressively decreases. They 
pass through successive stages of junctional, compound, 
and intradermal development. Most nevi in children are 
junctional; in older adults, most nevi are intradermal. 

Nevus appearance corresponds with histology. 
Junctional nevi (Fig. 195.9) are flat and pigmented; dermal 


Figure 195.9 Junctional nevus. (From the Institute for 
Dermatologic Communication and Education, 1976, with permis- 
sion.) 
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Figure 195.10 Dermal nevi. (From Craft N, Fox, LP. VisualDx: 
essential adult dermatology. Philadelphia, PA: Lippincott Williams & 
Wilkins, 2010, with permission.) 


nevi (Fig. 195.10) are flesh colored and dome shaped 
or pedunculated; compound nevi (Fig. 195.11) are in 
between. Congenital nevi are larger than acquired nevi, are 
pigmented and slightly elevated, and may have increased 
hair. Compared with acquired nevi, they have deeper 
nevus cell extension into dermis, distribution of nevus 
cells near cutaneous appendages, and extension of nevus 
cells between collagen bundles. Giant congenital nevi have 
an increased risk for malignant transformation (17,18), 
whereas small- and medium-sized congenital nevi have 
little or no increased risk for developing into melanoma. 

Spitz nevus (epithelioid and spindle cell nevus) is a 
rare type of melanocytic nevus (Fig. 195.12). It is a soli- 
tary, well-circumscribed, dome-shaped papule or nodule 
varying in color from pink to tan to brown. Their size 
varies from about 2 mm to about 2 cm, and they occur 
on the face and extremities of children and young adults. 
Although benign, it can resemble malignant melanoma 
histologically and may require treatment as melanoma 
unless a definitive distinction of benign versus malignant 
can be assured by the pathologist. 

The principal tumors of epidermal melanocytes are 
freckles (ephelides) and lentigines. These flat, pigmented 
lesions are distinct from seborrheic keratoses or junctional 
nevi, which they resemble. Actinically induced lentigines 
are lentigo senilis (Fig. 195.13), whereas randomly occur- 
ring ones are lentigo simplex. Most facial lesions are len- 
tigo senilis. They are light to dark-brown flat lesions, 5 to 
20 mm in diameter or larger. Most are benign, but occa- 
sionally on the face they are confused with malignant 


Figure 195.11 Compound nevus. (From Wilkinson EJ. Wilkinson 
and Stone atlas of vulvar disease. Philadelphia, PA: Lippincott 
Williams & Wilkins, 2013, with permission.) 
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Figure 195.12 Spitz nevus. (From Elder AD, Elenitsas R, Johnson BL, 
et al. Synopsis and atlas of Lever’s histopathology of the skin. 
Philadelphia, PA: Lippincott Williams & Wilkins, 1999, with permission.) 


lesions such as lentigo maligna or melanoma in situ. Other 
features distinguishing lentigines from freckles are onset 
later in life, lack of seasonal variation, and larger size. 
Psoralen and ultraviolet A photochemotherapy lentigi- 
nes are lesions precipitated by ultraviolet A phototherapy 
with psoralen. Freckles, in contrast, are easily recognized as 
small, brown, scattered macules occurring on sun-exposed 
areas of fair-skinned people. They have no malignant 
potential, darken in response to sunlight, and develop in 
childhood. Multiple facial lentigines are a prominent fea- 
ture of numerous syndromes (Table 195.4). 

The main facial dermal melanocytic lesions are benign 
intradermal and compound nevi, as described earlier. 
Other less common lesions include nevus of Ota and 
common blue nevus. Nevus of Ota is a unilateral blue to 
brown pigmented patch involving the skin of the peri- 
orbital, temple, forehead, or malar areas that occurs pre- 
dominantly in dark-skinned races. Usually, the ipsilateral 
sclerae (Fig. 195.14) are involved, and occasionally the 
conjunctiva, cornea, retina, and oral and nasal mucosa 
are involved. Nevus of Ota has two times of onset: early 
childhood before the age of 1 year and around puberty. 
Malignancies arising in nevi of Ota are rare but when pres- 
ent do not adhere to the typical ABCD rules of melanoma 
(19). Several cases of primary malignant melanoma of the 
choroid, orbit, iris, chiasma, and meninges have developed 
in association with nevus of Ota that exhibited eye involve- 
ment (20). 


Figure 195.13 Lentigo senilis. (From Werner R. Massage thera- 
pist’s guide to pathology. Philadelphia, PA: Lippincott Williams & 
Wilkins, 2012, with permission.) 
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Figure 195.14 Nevus of Ota. (From Craft N, Taylor E, Tumeh 
PC, et al. VisualDx: essential adult dermatology. Philadelphia, PA: 
Lippincott Williams & Wilkins, 2010, with permission.) 


Common blue nevi are small (1 cm), smooth, dome- 
shaped papules (Fig. 195.15) with a characteristic blue 
appearance as a result of the presence of deep intrader- 
mal melanin pigment that is viewed through intact skin 
(Tyndall effect). The lesions may appear anywhere, but 
about 50% of cases are found on the dorsa of the hands 
and feet. 


Infectious Lesions 


Warts (verruca vulgaris) are composed of intraepidermal 
lesions resulting from local infection with the human pap- 
illoma virus (1-5). They occur at any age, are spread by 
local contact or autoinoculation, have an unpredictable 
course, and are usually asymptomatic. They are more com- 
mon and resistant to treatment in patients who are immu- 
nocompromised. 

There are more than 100 genotypes of human papil- 
loma virus, including common, filiform, plantar (includ- 
ing mosaic), flat, and anogenital warts. They have an 
irregularly corrugated (verrucous) surface, with pinpoint 
black dots of thrombosed capillaries. On mucosal sur- 
faces, they may be smooth-surfaced papules or on flexible, 
pedunculated stalks. 


Figure 195.15 Blue nevus. 
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Figure 195.16 Flat warts. (From Burkhart C, Morrell D, Goldsmith 
LA, et al. VisualDx: essential pediatric dermatology. Philadelphia, 
PA: Lippincott Williams & Wilkins, 2010, with permission.) 


Common warts are firm, sessile papulonodular growths, 
uncommon on the face. Filiform warts, common on the 
face, are tag-like protuberances resembling skin tags. Flat 
warts (Fig. 195.16) also are common on the face, particu- 
larly in young women, and can be missed if not viewed 
with side lighting. They are slightly elevated, light-brown, 
1- to 5-mm grouped discrete lesions. 

Molluscum contagiosum (Fig. 195.17) is a cutaneous 
infection caused by a poxvirus. It produces shiny, flesh- 
colored to pink, dome-shaped, firm papules with central 
umbilication. It is spread by local contact or autoinocu- 
lation and is common in children, sexually active young 
adults, and individuals who are immunocompromised. 
When central umbilication is not apparent, they resemble 
milia or closed comedones. In patients who are immu- 
nocompromised, these lesions can form large crateriform 
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Figure 195.17 Molluscum contagiosum. (From the American 
Academy of Dermatology, 1977, with permission.) 


and plaque-like lesions involving large areas of the face. 
Molluscum lesions have a central expressible inclusion, 
which can confirm the diagnosis. In patients who are 
immunocompromised, disseminated deep fungal infec- 
tions (eg., Cryptococcus) are also part of the differential 
diagnosis. 


LABORATORY STUDIES 


Most dermatologic diagnoses can be made by inspection 
or skin biopsy (shave, punch, or excision) (2,21,22). A 
shave biopsy uses a scalpel blade to shave the lesion flush 
with, or slightly below, the surrounding skin (Fig. 195.18). 
This biopsy contains epidermis and a small amount of 
dermis, so it is appropriate for pathology in those lay- 
ers, such as actinic keratosis, verruca, benign nevi, tricho- 
epithelioma, or trichofolliculoma. A full-thickness skin 
biopsy (punch or excisional) is used for pathology in the 
deep dermis (pilomatricoma) or when entire architecture 


Figure 195.18 Shave biopsy. 
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Figure 195.19 Punches (3 and 4 mm). 


is required for accurate diagnosis (Spitz nevus). Punch 
biopsies are performed using a 2- to 8-mm circular sharp 
blade on a handle (Fig. 195.19). It is pressed firmly against 
the skin and twisted back and forth to penetrate the full 
thickness of the skin (Fig. 195.20). These are used to diag- 
nose inflammatory conditions or small tumors. For larger 
lesions, an excisional biopsy is performed. This is used if 
carcinoma is suspected or the pathologic process involves 
the fatty layer. 
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THERAPEUTIC CONSIDERATIONS: 
TECHNIQUES AND INSTRUMENTATION 


Dermal Curette 


The dermal curette is a small instrument with a semi- 
sharp round to oval blade of variable size (2 to 10 mm) 
(Fig. 195.21). This allows the surgeon to distinguish between 
normal and diseased collagen because the semisharp 
blade will not normally cut through normal collagen. 
Dermal curettes also are used to remove superficial epider- 
mal lesions, which may be scraped off the skin’s surface 
(seborrheic keratosis, warts) (Fig. 195.22). The instrument 
is easy and safe to use, but some experience is needed for 
the surgeon to distinguish reliably between diseased and 
normal dermal tissue. 


Electrosurgery 


In electrosurgery, rapidly oscillating electrical fields 
destroy tissue thermally and mechanically. A monopo- 
lar device (e.g., Hyfrecator) requires no grounding plate 
and results in superficial tissue destruction; a bipolar 
device requires a grounding plate and causes deeper tissue 
destruction. Either can be used for electrodesiccation. For 
electrosurgery, the needle tip is touched to tissue, destroy- 
ing a deep sphere of tissue. For electrofulguration, the tip 


Figure 195.20 Punch biopsy technique. 
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Figure 195.21 Curettes of various sizes. 


is held near the lesion, and a spark jumps from needle 
tip to tissue, destroying a broad superficial arc of tissue. 
Figure 195.23 shows electrofulguration with curettage to 
remove a xanthelasma. Electrosurgery is fast with minimal 
bleeding, but healing by second intent takes 2 to 3 weeks, 
there is no tissue for histologic examination, and there can 
be excessive scarring from thermal damage. Electrosurgery 
is often used with a dermal curette to define lesion mar- 
gin or to remove tissue as it is destroyed. Complications 
include combustion of nondry alcohol-treated skin and 
interruption of certain cardiac pacemakers. 


Cryotherapy 


In cryotherapy, a cryogen (usually liquid nitrogen) destroys 
tissue. Freezing causes formation of extracellular and intra- 
cellular ice crystals, resulting in cell membrane damage. 
Most cell damage occurs during thaw, when electrolyte 
concentrations become abnormal. Rapid freezing followed 
by slow thawing is most lethal to cells, with melanocytes 
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being the most susceptible to injury. Tissue destruction is 
determined by the volume of cryogen applied, the dura- 
tion of exposure, and the technique used. 

A commonly used cryogen is liquid nitrogen, which is 
the coldest (-196° C) and most versatile agent. Common 
techniques of application include the cotton-tipped appli- 
cator, which is the easiest to learn but evaporates rapidly, 
necessitating frequent redipping. Spray can also be applied 
quickly to several lesions but requires skill to direct the 
cryogen to the specific lesion. 


Intralesional Corticosteroid Therapy 


Corticosteroid therapy, topical or intralesional, is used to 
treat inflammatory conditions. Intralesional steroids offer 
a more concentrated and sustained effect than topical ste- 
roids but have more side effects, such as atrophy (usually 
reversible in 12 months or more) or hypopigmentation (in 
darker-pigmented skin). Significant systemic absorption 
can occur when more than 20 mg are injected in a single 
session or at frequent intervals (Table 195.5). 

Intralesional steroids are often used to soften or reduce 
the size of keloids or hypertrophic scars (10 to 40 mg/mL), 
repeated every 2 to 3 weeks to minimize systemic toxicity. 
Intralesional steroid injections also are used after laser or 
scalpel excision to prevent or reduce recurrence of keloid 
formation. Intralesional steroids are also used for acne 
cysts and inflamed epidermal cysts (2.5 to 5.0 mg/mL). 


Chemical Peeling 


Chemical peeling (chemexfoliation) improves skin quality 
and texture by applying exfoliants. This causes a variable 
depth of epidermal and dermal injury that, on healing, 
has thicker dermal collagen and, in some cases, increased 
dermal glycosaminoglycans and restoration of elastic fibers 
in actinically damaged skin. Various peeling agents and 


Figure 195.22 Curettage of a seborrheic keratosis. 
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Figure 195.23 Electrofulguration and curettage of a lesion of xanthelasma. 


combinations have been used, including trichloroacetic 
acid, phenol, resorcinol, salicylic acid, and more recently 
lactic and glycolic acid, each with different properties and 
depth of penetration. Phenol has a significant risk profile 
and the potential for systemic toxicity (Table 195.6). 


Local side effects 


Atrophy 

Striae, stellate pseudoscars 
Telangiectasia, purpura, erythema 
Hypopigmentation 

Impaired wound healing 
Exacerbation of cutaneous infections 


Systemic side effects 

Cardiovascular effects: hypertension 

Central nervous system effects: mood alterations, psychosis, 
pseudotumor cerebri 

Endocrine effects: hypothalamic—pituitary—adrenal axis 
suppression, hirsutism, menstrual irregularities, truncal obesity, 
moon facies, buffalo hump 

Gastrointestinal effects: peptic ulcer, pancreatitis 

Hepatic effects: diabetes mellitus 

Hematologic effects: lymphopenia, monocytopenia, neutrophilia 

Immunologic effects: opportunistic infections 

Musculoskeletal effects: osteoporosis, aseptic necrosis of femoral 
or humeral heads, myopathy 

Ophthalmic effects: glaucoma, cataracts (posterior subcapsular) 

Renal effects: sodium and fluid retention, hypokalemic alkalosis 


Modified from Bondi E, ed. Dermatology: diagnosis and therapy. 
Norwalk, CT: Appleton & Lange, 1991:346, with permission. 


Dermabrasion 


Dermabrasion is an abrading procedure performed on skin 
to remove superficial lesions. Initially used to treat acne 
scars, more recently it has been applied to many cutaneous 
lesions (Table 195.7). Dermabrasion is performed with a 
motor-driven instrument with an abrading piece at the end. 
The abraders (commonly wire brush or diamond fraise) 
come in various sizes, shapes, and degrees of coarseness. 
Competent dermabrasion requires a high level of skill. 
One must control precisely the depth of the abrasion 
because prominent scarring occurs if abrasion penetrates 
reticular dermis. Dermabrasion has similar complications 
to chemical peeling (Table 195.6). Dermabrasion results 
can be more predictable than chemical peeling because the 
extent of wounding can be more precisely controlled. 


Laser Surgery 


The properties of lasers that make them useful in treating 
facial lesions (Table 195.8) are precise margination, good 


TABLE 


195.6 


Pigmentary abnormalities (especially in dark-skinned patients) 
Increased sun sensitivity 

Hypertrophic scarring (especially over jawline, nasal bridge) 
Reactivation or dissemination of herpes simplex 

Persistent erythema 

Milia 
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WS) ENTITIES TREATED WITH 
s:)-974) DERMABRASION 


Acne, active 

Acne rosacea 

Actinically damaged skin 
Adenoma sebaceum 


Age- and sun-related wrinkle lines 
Angiofibromas of tuberous sclerosis 
Basal cell carcinoma (superficial type) 
Chloasma 
Chronic radiation dermatitis 
Darier disease 
Dermatitis papillaris capillitii 
Favre-Racouchot syndrome 
Fox-Fordyce 
Freckles 
Hair transplantation (elevated recipient sites) 
Hemangioma 
Keratoacanthoma 
Leg ulcer 
Lentigines 
Lichen amyloidosis 
Lichenified dermatoses 
Molluscum contagiosum 
Multiple pigmented nevi 
Nevus flammeus 
Verrucous 
Multiple seborrheic keratoses 
Multiple trichoepitheliomas 
Neurotic excoriations 
Nevi 

¢ Congenital pigmented nevi 

¢ Linear epidermal 
Porokeratosis of Mibelli 
Pseudofolliculitis barbae 
Rhinophyma 
Scars 

¢ Early operative 

¢ Keloids 

¢ Postacne 

¢ Traumatic 

¢ Smallpox or chickenpox 
Scleromyxedema 
Striae distensae 
Syringocystadenoma papilliferum 
Syringoma 
Systemic lupus erythematosus 
Tattoos 

¢ Amateur (India ink) 

¢ Blast (gunpowder) 

e Professional 
Vitiligo 
Telangiectasia 
Xanthelasma 
Xeroderma pigmentosum 


control of destruction depth, good hemostasis, decreased 
postoperative pain, and target specificity (23). Lasers emit 
coherent light at specific wavelengths peculiar to the lasing 
material. This light energy is selectively absorbed by spe- 
cific skin structures (chromophores) and converted into 
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thermal energy, damaging the tissues. Thermal damage to 
surrounding tissues can be further reduced by pulsing the 
laser emission (selective photothermolysis). 


Hemostatic Agents 


Hemostatic agents are used to control bleeding from 
removal of superficial cutaneous lesions, which usually 
results in capillary or venous bleeding. 

Monsel solution (ferric subsulfate) is a protein coagulant 
that is very effective but carries the slight risk of permanent 
discoloration from iron pigment deposition. Aluminum 
chloride (20%) is the most commonly used hemostatic 
agent. It is a colorless but less effective when compared 
to Monsel solution. Silver nitrate comes conveniently in 
a stick form or solution but is less effective than Monsel 
solution or aluminum chloride and can stain skin. It is use- 
ful in treating granulation tissue. 

All chemical cauterants must be applied to a dry field 
so there is contact between the bleeding dermal bed and 
the coagulant. These agents sting when used without local 
anesthetic. 


TREATMENT OF SPECIFIC LESIONS 


Seborrheic Keratosis 


Seborrheic keratosis lesions are removed by dermal curette 
or by tangential excision with a scalpel, literally scraped off 
the skin’s surface. If there are numerous lesions, cryother- 
apy or CO, laser can be used. Dermatosis papulosa nigra is 
treated with light electrodesiccation using fine-tipped cau- 
tery needles, then curettage. 


Actinic Keratosis 


Actinic keratosis lesions usually are treated with cryotherapy. 
Multiple lesions may require several sessions or alternative 
therapies, including dermabrasion, chemical peeling, topical 
5-fluorouracil (Efudex, Fluoroplex), or topical imiquimod. 
5-Fluorouracil comes in concentrations of 1% to 5% and is 
applied to the face twice daily for 3 weeks. A brisk inflamma- 
tory response develops in affected areas. Healing occurs over 
6 to 8 weeks and is accelerated by the use of topical cortico- 
steroids. Results are excellent but not permanent, with retreat- 
ment often necessary in 2 to 3 years. Imiquimod 5% cream 
was approved in 2004 for the treatment of actinic keratosis of 
the face or scalp. Whether administered as monotherapy or 
adjunctive therapy, topical therapies provide the opportunity 
to effectively manage actinic keratosis and will likely emerge 
as an important tool for health care providers (24). 


Cutaneous Horns 


Cutaneous horns are completely removed (shave or punch 
technique) so the base can be examined histologically. 


TABLE 
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Laser Wavelength 
Argon (continuous) 488, 514 (blue— 
green) 

Argon-pumped tunable dye 504-690 (green— 
(continuous) yellow-red) 

Flashlamp-pumped dye 510 (green) 
(short-pulsed) 

Copper vapor/bromide 511 (green) 


(quasicontinuous) 
Krypton (continuous) 


521, 531 (green) 


LASERS USED IN THE MANAGEMENT OF FACIAL 
yh: 3) SKIN LESIONS 


Indications 


Telangiectasias, thick PWS in adults, 
lentigines, and ephelides 
Telangiectasias, thick PWS in adults, 
lentigines, and ephelides 
Lentigines and ephelides 


Lentigines and ephelides 


Lentigines and ephelides 
Telangiectasias, thick PWS in adults, 
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KTP (quasicontinuous) 531 (green) 

Frequency-doubled 532 (green) 
Q-switched Nd:YAG 
(pulsed) 

Krypton (continuous) 568 (yellow) 

Copper vapor/bromide 578 (yellow) 
(quasicontinuous) 

Flashlamp-pumped dye 585 (yellow) 
(long-pulsed) 

Q-switched ruby (pulsed) 694 (red) 


Q-switched alexandrite 
(pulsed) 

Q-Switched Nd: YAG 
(pulsed) 

Carbon dioxide (continu- 
ous, pulsed, super/ultra- 
pulsed) 


PWS, port-wine stain. 


Usually an actinic keratosis is found, so it is reasonable 
to curette and electrodesiccate the base lightly after lesion 
removal. If a squamous cell or basal cell carcinoma is con- 
firmed by histologic examination, a wider excision is per- 
formed. 


Epidermal Cysts 


Small inflamed cysts occur with acne vulgaris and are treated 
with intralesional steroids in concentrations of 2 to 5 mg/ 
mL. This results in complete resolution in 3 to 5 days, with 
a low incidence of recurrence. The injection may cause tem- 
porary dermal atrophy, which resolves in 6 to 12 months. 
Infected cysts are generally large and of longer duration 
than small acne-associated cysts. They are tender with sur- 
rounding erythema. These are best treated with systemic 
antibiotics, especially those with additional antiinflamma- 
tory effects such as tetracycline and erythromycin. For tense 
and severely inflamed lesions, incision, drainage, culture, 
and sensitivity determination should be performed, and 
the treated lesions should be packed with iodoform gauze. 
Antibiotics against Staphylococcus aureus are empirically 
started. Surgical therapy is deferred for 4 to 6 weeks after 


755 (near infrared) 
1,064 (infrared) 


1,060 (infrared) 


lentigines, and ephelides 
Lentigines and ephelides 


Telangiectasias, thick PWS in adults 
Telangiectasias, thick PWS in adults 


Flat PWS in children, telangiectasias, 
hypertrophic scars 

Lentigines, ephelides, blue nevus, 
nevus of Ota 

Lentigines, ephelides, blue nevus, 
nevus of Ota 

Blue nevus, nevus of Ota 


Rhinophyma, trichoepithelioma, 
syringoma, angiofibroma, keloids, 
xanthelasma, scars, and rhytides 


infection because infection thins the cyst wall and dermal 
collagen, making the procedure difficult and increasing 
the chances of infection spreading. Intralesional steroids 
should not be used on infected cysts. 

The treatment of noninfected, noninflamed cysts is sur- 
gical, with complete cyst wall removal (to prevent recur- 
rence). Freely mobile cysts have little connection with the 
overlying epidermis and are easily removed. Injection of 
local anesthetics between the cyst wall and surrounding tis- 
sues (hydrodissection) facilitates surgical removal. 

If the cyst is firmly adherent to the surrounding tissues, 
the entire cyst and surrounding fibrous tissue are excised. 
The use of a punch biopsy instead of an ellipse may pro- 
vide an opening large enough to remove the cyst with 
excellent cosmetic results. Epidermal cysts that are freely 
or partially mobile may be removed through incisions at 
distant sites where cosmetic factors are overriding (e.g., a 
mucosal approach to remove a lip cyst or an incision in the 
hairline to remove a nearby forehead cyst). 

Complications include infection, bleeding, and dehis- 
cence and are usually a result of poor technique. If the 
cyst wall ruptures with spillage of keratinous material, the 
area is irrigated with normal saline and all recognizable 
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keratinous debris is removed. Necrosis of overlying skin 
once a cyst is removed usually occurs when a large cyst has 
been removed, resulting in large dead space with overlying 
epidermis. To avoid necrosis, all underlying dead space is 
removed and tension at the skin edges is minimized. Any 
redundant skin that may occur in cyst surgery is excised. 


Milia 

A milia is treated by incising its roof and extracting its kerati- 
nous core with a milia comedo extractor. No local anesthetic 
is required. This technique also may be used for large closed 


comedones. Smaller closed comedones and open comedones 
(blackheads) are treated with topical retinoic acid (Retin-A). 


Trichofolliculomas 


Trichofolliculomas are removed by shaving, punch exci- 
sion with suturing, or vaporization with a CO, laser. 


Trichoepitheliomas 


Solitary trichoepitheliomas are removed the same way as 
trichofolliculomas. However, distinction of basal cell carci- 
noma and solitary trichoepithelioma is difficult both clini- 
cally and pathologically. Multiple trichoepitheliomas are 
removed with dermabrasion and CO, laser with excellent 
results. 


Pilomatricomas 


Pilomatricomas, deep-seated nodules, require surgical 
excision in most cases. 


Trichilemmomas 


Solitary lesions of trichilemmoma are treated as trichofollic- 
ulomas. Multiple lesions can be treated with dermabrasion. 


Nevus Sebaceus 


A nevus sebaceus lesion is sometimes completely excised 
because it has malignant potential; however, its risk for 
malignancy is low. It also may be followed for changes of 
malignancy and treated at a later date if necessary. 


Sebaceous Hyperplasia 


Sebaceous hyperplasia lesions are treated with cryotherapy 
or light electrodesiccation with fine-tipped cautery needles. 


Rhinophyma 


Rhinophyma is treated with electrosurgery, dermabrasion, 
and argon or CO, laser. Excessive sebaceous tissue is excised 
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and the nose is sculpted to its predisease shape. Dermabrasion 
and CO, laser allow the surgeon to sculpt with control 
and precision, the latter maintaining a relatively bloodless 
field. Regardless of technique, results are usually excellent. 
Removing tissue below the pilosebaceous apparatus results in 
an unattractive, unnaturally smooth, poreless scar. 


Hidrocystoma 


The hidrocystoma cyst is surgically excised if necessary for 
cosmetic reasons. Simple incision and drainage result in 
recurrence. 


Syringoma 


Syringomas usually present as multiple lesions; therefore, 
surgical excision is usually not feasible. Dermabrasion and 
superficial CO, laser offer fair results on those selected 
lesions that are more cosmetically concerning to the 
patient. Electrodesiccation is sometimes sufficient. 


Hemangiomas 


Most capillary hemangiomas resolve spontaneously, so 
treatment is usually not necessary. Exceptions are heman- 
giomas that ulcerate, encroach on a vital structure (nose, 
eyes, mouth), or are frequently traumatized (buttock, foot). 
For these, medical therapy (prednisone and interferon alfa) 
or intralesional corticosteroids are used. A nevus flam- 
meus (port-wine stain) is treated with tunable dye lasers 
or, more recently, copper vapor, krypton, or flashlamp- 
pumped pulsed-dye lasers (Table 195.8). Complications 
are uncommon with these techniques, with occasional 
hypopigmentation or skin texture alterations. Scarring and 
tissue induration are rare. Lesions in dark-skinned patients 
lighten less than others because epidermal melanin causes 
some absorption of the laser light. 


Pyogenic Granuloma 


Pyogenic granulomas are treated aggressively because recur- 
rence is common if excision is incomplete. Shave removal 
with electrosurgery of the base is simple and effective, as is 
elliptical excision. Ablation with a CO, laser, argon laser, 
dye laser, or copper vapor laser is also effective. 


Telangiectasias 


Telangiectasias can be treated simply with electrodesiccation 
using fine cautery needles (epilating needles). The lowest pos- 
sible setting on a Hyfrecator or Bovie is used to avoid scarring. 
Telangiectasias also can be treated with laser therapy (argon, 
argon-pumped tunable dye, copper vapor, krypton, fre- 
quency-doubled Nd:YAG, or flashlamp-pumped pulsed dye). 
Sclerotherapy (injection of sclerosing agent into the telangi- 
ectasia) can be used, but there is the potential of introducing 
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some sclerosant into the cavernous sinus or deep venous 
drainage of the head and neck, causing potentially grave com- 
plications (e.g., blindness, cavernous sinus thrombosis). 


Spider Angiomas 


Spider angiomas are treated similarly to telangiectasias. In 
electrosurgery, the needle is placed into the central punc- 
tum of the spider angioma. Lesions can recur, so additional 
treatment may be needed. 


Venous Lakes 


Small lesions of venous lakes are treated by excision or 
electrodesiccation. Larger lesions are treated with laser 
therapy (argon, dye, or copper vapor). 


Skin Tags 


Skin tags can be snipped off at the base with a sharp curved 
iris scissors. Local anesthetic is generally not required. 
Electrodesiccation also can be used. 


Fibrous Papule 


For a fibrous papule, simple shave excision produces an 
acceptable cosmetic result and is preferable to superficial 
destruction methods (CO, laser, electrosurgery), which do 
not permit histologic examination. 


Adenoma Sebaceus 


Adenoma sebaceus lesions are treated with dermabrasion, 
CO, laser, or argon laser. The argon produces excellent cos- 
metic results, particularly in patients who have lightly pig- 
mented skin. 


Hypertrophic Scars and Keloids 


Hypertrophic scars and keloids are managed with intral- 
esional steroids; dermabrasion; pressure; or, most recently, 
silicone gel matrix. Several treatment strategies often are com- 
bined in hopes of better treatment outcomes. Many hypertro- 
phic scars flatten over time. However, long-term results of all 
treatment options for keloids are poor. Results in the literature 
are difficult to interpret because most lack long-term follow- 
up (at least 2 years) and histopathologic criteria to confirm 
that the lesions are keloids and not hypertrophic scars. 


Neurofibromas 


Neurofibromas can be excised, CO, vaporized, shaved, or 
removed with electrosurgical cutting current to the base. If 
the entire lesion is not removed, however, it will regrow 
slowly. Multiple facial lesions can be dermabraded or 
excised by CO, laser. 
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Lipomas 


Small lipomas can be removed through a small stab inci- 
sion in the overlying skin. Some lipomas extend insidi- 
ously beyond their clinical borders and lie deep to fascia 
or within muscle. These need to be sharply dissected from 
surrounding tissue. Giant lipomas may be removed by 
liposuction. The liposuction cannula is inserted via a 
small incision. Some lipomas have multiple fibrous sep- 
tae, requiring careful scissor dissection. Beware of lipomas 
on the forehead because they often are located beneath the 
frontalis muscle (subgaleal lipomas). Attempts at excision 
are frustrating unless the surgeon knows to look in this 
deeper plane. 


Leiomyomas 


Leiomyomas are best treated with simple excision. 


Melanocytic Nevi 


With melanocytic nevi, we are discussing benign nevi, 
not congenital or dysplastic nevi. Benign nevi can be 
intradermal, compound, or junctional and can be partly 
or completely removed. Except for junctional nevi, most 
nevi are elevated and can be removed by shave technique. 
This leaves a recurrence risk from residual nevus cells of 
10% to 20%. A small hypopigmented area usually results. 
When a nevus is recurrent, histopathologic interpretation 
of these often shows atypical or pleomorphic-appearing 
cells, which can be difficult to distinguish from melanoma 
(pseudomelanoma). 

Two other problems occurring after a shave excision 
are a depressed scar or peripheral lipping. Depression 
occurs if local anesthetic infiltration raises the lesion 
above the skin surface and is avoided by allowing the 
anesthetic to diffuse out of the lesion before shaving it 
off. Lipping results if the nevus is not removed flush with 
surrounding skin because of variable shear forces during 
shaving. Hemostasis is achieved with aluminum chloride. 
Monsel solution can hinder histopathologic interpreta- 
tion of a recurrent nevus because its ferrous subsulfate 
can be misconstrued as melanin pigment within dermal 
macrophages. 

The second method of removing nevi is complete 
excision of the lesion. This is necessary for flat nevi. The 
incision is placed in relaxed skin tension lines. Spot derm- 
abrasion of the scar after 4 to 6 weeks improves the cos- 
metic result. Complete excision provides a specimen for 
histologic examination and minimizes recurrence risk. 


Spitz Nevi 


Spitz nevi are excised for histopathologic examination. 
This is important because they can resemble malignant 
melanoma microscopically and the pathologist relies on 
architectural features lost in a shave biopsy. 
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Blue Nevi 


Simple blue nevi are removed with shave technique or exci- 
sion. Larger lesions that look like blue nevi are best excised 
for complete histopathologic examination. Nevi of Ota 
have been treated successfully with Q-switched Nd:YAG 
and ruby lasers. 


Lentigines and Ephelides 


Lentigines and ephelides respond to similar therapy and 
are similar pathologic processes. For just a few lesions, 
cryotherapy is probably the easiest treatment. Laser ther- 
apy (ruby, alexandrite, pulsed dye, krypton, copper vapor, 
or frequency-doubled Nd:YAG) is also successful (Table 
195.8). For widespread multiple lesions, chemexfoliation 
is best. A wide variety of agents has been used: retinoic 
acid, trichloroacetic acid, and alpha hydroxy (glycolic) 
acids. Retinoic acid carries the fewest risks and is started at 
low strength (0.025% cream) to minimize irritant effects. 


Molluscum Contagiosum 


Small numbers of lesions respond well to curettage, cryother- 
apy, or daily application of topical imiquimod. In patients 
who are immunocompromised, lesions may number in the 
thousands and become thick, verrucous, and refractory to 
treatment. Most recently, chemical peeling with trichloroace- 
tic acid and retinoic acid has been used successfully. 


Verrucae 


Common and filiform varieties respond well to cryo- 
therapy and electrodesiccation and curettage, although 
recurrences are common. Flat warts (usually multiple and 
superficial) respond well to chemexfoliation with retinoic 
acid or trichloroacetic acid as well as to cryotherapy or top- 
ical imiquimod. Harsh keratolytics (e.g., salicylic acid) and 
blistering agents should not be used in treating facial ver- 
rucae because they may lead to scarring. 


= A classification scheme helps narrow the diagnostic 
possibilities. 

m Seemingly benign facial lesions may be a sign of 
serious systemic disease. 

= Biopsy is the most valuable laboratory aid for diag- 
nosing skin lesions. 

m Cosmetic outcomes are important in treating benign 
facial lesions. 

= The risks of all facial surgery should be described to 
the patient in detail preoperatively. 
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Management of Alopecia 


Raymond J. Konior 


Burns, traction, infections, autoimmune disease, neoplasms, 
radiation exposure, psychological disorders, and chemo- 
therapy all can cause hair loss in humans (Table 196.1). 
The most common type of hair loss in men and women, 
however, is androgenetic alopecia (AGA), also known as 
male pattern baldness (MPB). This form of alopecia affects 
scalp follicles with a genetic potential to androgen inhi- 
bition, resulting in the conversion of susceptible termi- 
nal hairs to vellus hairs. The hair follicles most likely to 
demonstrate AGA are in the frontotemporal and the crown 
regions of the scalp. Several different surgical options are 
available for restoring hair growth on a balding scalp. The 
procedure of choice for any given individual will depend 
on many factors. These include (a) patient’s age, (b) degree 
of baldness, (c) density within the donor region, (d) hair 
texture, (e) contrast characteristics of the hair and skin, and 
(f) patient expectations. 

A classification system for MPB is essential for planning 
and comparing the results of different surgical procedures. 
The Norwood system, the one most often used for men, 
organizes MPB into seven categories, ranging from class 
I (minimal frontotemporal recession) to class VU (a very 
narrow, horseshoe-shaped band of hair in the temporal 
and low occipital regions) (1). For women, the Ludwig 
classification system divides hair loss into three grades, 
ranging from grade I (minimal hair loss) to grade III 
(severe, generalized thinning) (2). Table 196.2 lists treat- 
ment options for MPB. 


Attempts to medically manage MPB are nothing new. 
Hippocrates, in about 400 sc, prescribed several concoc- 
tions composed of animal and plant products to treat 
baldness. 


Steven Gabel 


Ideally, the medical treatment of AGA should be directed 
against dihydrotestosterone (DHT), the active agent involved 
in MPB. Finasteride (Propecia), which has been used for 
years to manage prostate hypertrophy, was approved by the 
U.S. Food and Drug Administration (FDA) for the treatment 
of MPB in 1997. Finasteride is a competitive and specific 
inhibitor of type Il 5a-reductase, an intracellular enzyme 
that converts the androgen testosterone into DHT. Two dis- 
tinct 5a-reductase isozymes are found in humans. The type 
II 5a-reductase isozyme is primarily found in the prostate, 
seminal vesicles, epididymides, and hair follicles. Finasteride 
has no affinity for androgen receptors but works by blocking 
the peripheral conversion of testosterone to DHT. Using the 
recommended dose of 1 mg/d, finasteride produces statis- 
tically significant increased hair counts in men with mild- 
to-moderate degrees of AGA. Systemic therapy that reduces 
or interferes with androgen levels enough to stop hair loss 
has the potential to reduce libido and sexual potency, mak- 
ing this form of treatment unacceptable to some men. 
Drug-related sexual adverse experiences resulting in discon- 
tinuation of therapy have been reported in 1.2% of patients 
on finasteride versus 0.9% of patients on placebo (3,4). 
Finasteride is not indicated for woman and children. 

Minoxidil (Rogaine) was the first drug approved by 
the FDA for the medical management of MPB. This drug, 
which traditionally had been used to treat resistant hyper- 
tension, was noted to occasionally produce hypertrichosis 
as a side effect of oral therapy in adults. Minoxidil func- 
tions as a potassium channel opener and vasodilator. 
Currently, the dosages available are 2% and 5% formula- 
tions. In men, the 5% minoxidil solution demonstrates a 
significant advantage over treatment with the 2% solution 
(5). The mechanism by which minoxidil works to stimu- 
late hair growth remains unclear. In addition, minoxidil 
does not have any known effect on the production, excre- 
tion, or interactions of human androgens. Most, if not all, 
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TABLE 
196.1 ETIOLOGY OF ALOPECIA 


Androgenetic alopecia (MPB) 

Autoimmune disease (alopecia areata, discoid lupus 
erythematosus) 

Thyroid disorders 

Burns 

Chemotherapy 

Dermatologic disorders (e.g., psoriasis, lichen planopilaris, 
bacterial folliculitis) 

Neoplasms 

Radiation exposure 

Traction 

Psychological (trichotillomania, stress) 


hair transplant surgeons recommend the use of minoxidil 
and/or finasteride to the majority of their patients (6). 


SURGICAL TREATMENT OF ALOPECIA 


Patient Evaluation 


During the first consultation, the patient's goal of the pro- 
cedure needs to be discussed. A thorough physical evalua- 
tion will need to be performed and an explanation of the 
surgical options available. The physician must understand 
the patient’s motivations and expectations regarding hair- 
restoration surgery. Patients who seem emotionally labile 
may require a psychiatric assessment to evaluate their true 
motivations, but most patients requesting hair replace- 
ment do not have emotional problems; they simply would 
prefer not to be bald. 

Several factors determine what procedure, if any, is 
appropriate for restoring an alopecic scalp. It is not uncom- 
mon for the patient to expect more than can be accom- 
plished with the donor area available. The major reason for 
rejecting a patient is an inadequate supply of donor hair 
relative to the patient's final goals. 

The ideal patient is one with enough donor hair to com- 
pletely fill all current or potential areas of alopecia. The 


TABLE 


R TREATMENT—ANDROGENETIC 
196.2 WX Bike) asa 


Medications 
Minoxidil (Rogaine) 
Finasteride (Propecia) 

Hair-bearing autografts 
Follicular unit grafts 
Micrografts 
Minigrafts 

Scalp reduction 

Tissue expansion 

Scalp flaps 
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younger the patient, the more conservative the physician 
must be in estimating the donor hair present and establish- 
ing a long-term treatment plan. An accurate assessment of 
the donor area is required to prevent moving follicles at 
risk for future alopecia into cosmetically important areas 
on the scalp, because any future hair loss in those trans- 
planted follicles will result in exposed scars over the scalp. 
In younger patients whose final hair-loss patterns cannot 
be determined, the physician should try to delay hair res- 
toration until the physician is secure with the availability 
of donor hair. 

Low-density donor hair may be a contraindication to 
hair transplantation. Patients with fewer than 40 follicular 
units/cm? tend to be poor candidates for hair transplanta- 
tion, unless they are willing to accept very thin hair density 
from the transplantation procedures. Age is not a contra- 
indication to hair transplantation. Older patients gener- 
ally have well-established patterns of alopecia that allow a 
more reliable assessment of the donor area. 

Hair color, skin color, and hair texture are impor- 
tant factors in surgical hair restoration. A sharp contrast 
between the hair and the skin may result in an unnatural- 
appearing hairline. This is especially true if transplantation 
is performed with grafts that contain more than one fol- 
licle unit. The best hair colors for surgical hair restoration 
in light-skinned patients are white, salt-and-pepper, and 
blond. Patients with dark skin and dark hair and those with 
wiry hair generally are good candidates for hair restora- 
tion. Naturally curly hair appears thicker than straight hair, 
thereby enhancing the results of most hair-replacement 
procedures. 


Hairline Design 


The most important goal of hair-replacement surgery is to 
restore aesthetic balance to the face by recreating a natural, 
age-appropriate frontal hairline and part (7). The surgi- 
cally restored hair should be easy to maintain and should 
not require extraordinary hairstyles for camouflage. 

The mature male hairline usually demonstrates distinct 
triangular regions bilaterally at the junction of the frontal 
and the temporal hair (Fig. 196.1). These frontotemporal 
triangles are formed by progressive recession of the frontal 
hairline superiorly and the temporal hairline posteriorly. 

A natural frontal hairline is convex, with the central por- 
tion positioned slightly inferior to the frontotemporal tri- 
angle region. The most anterior portion of the hairline is 
placed approximately 7 to 10 cm superior to the glabella. 
The apex of the frontotemporal triangle marks the lateral 
aspect of a natural hairline. Regardless of the extent of hair- 
line recession, the apex is designed to fall on a vertical line 
drawn upward from the lateral canthus of the eye. Because 
the temporal hairline intersects the lateral extent of the 
frontal hairline, advanced temporal recessions require a 
more posterior frontal hairline. Any attempt to fill a large 
frontotemporal triangle as a means of compensating for 


Figure 196.1 The frontotemporal triangle (BCD) is defined by 
the frontal and the temporal hairlines. When planning surgical res- 
toration of the frontal hairline, the apex of the triangle is designed 
to fall on a vertical line (AA’) that intersects the lateral canthus. 


advanced temporal recessions will result in an unnatural 
hairline and part. Modern follicular unit grafting tech- 
niques can be used to recreate the temporal hairline in 
those patients with a low-lying superior temporal fringe. 


FEMALE PATTERN HAIR LOSS 


In hair restoration, men constitute more than 90% of the 
patients seeking treatment. As techniques in surgical man- 
agement continue to improve and public awareness of high 
patient satisfaction increases, however, there are increasing 
numbers of women undergoing treatment for hair loss. 
The approach to female pattern hair loss is much differ- 
ent than MPB, as only 10% of women have an androgenic 
hair-loss pattern. Therefore, the overwhelming majority of 
women have hair loss for variety of other reasons, such as 
hormonal and autoimmune. 

The workup involves recognizing the enormous psycho- 
logical toll hair loss takes on a woman and using approprti- 
ate sensitivity when treating women with hair loss. Referral 
to an endocrinologist is usually part of the workup. 
Minoxidil 2% solution has been effective in treating female 
pattern hair loss. Increased dosages of 5% minoxidil have 
caused unacceptable rates of facial hypertrichosis to occur. 
Finasteride has not been shown to have benefit in women. 
Surgical hair restoration remains the only permanent 
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treatment for hair loss in women. The same principles of 
adequate donor area and advanced transplantation tech- 
niques lead to better outcomes (8). 


ANESTHESIA 


Because most patients require multiple procedures, an 
adequate comfort level is essential to maintaining motiva- 
tion for completion of the entire restoration process. Local 
anesthesia is sufficient for most hair-restoration proce- 
dures, but general anesthesia is occasionally necessary for 
extensive scalp reductions or flap procedures. 

A preoperative sedative is commonly given before the 
injection of local anesthesia. Regional frontal, occipi- 
tal, and temporal nerve blocks using 1% lidocaine with 
1:100,000 epinephrine are performed before performing 
a wide-field, circumferential scalp block. This technique 
anesthetizes the entire hair-bearing scalp. 


AUTOGRAFT HAIR TRANSPLANTATION 


Okuda (9), a Japanese dermatologist, is generally regarded 
as the first to describe the successful use of full-thickness 
hair-bearing autografts for correcting alopecia of the scalp, 
eyebrow, and mustache areas. Hair transplantation using 
punch grafts was introduced in the United States in 1959 
by Orentreich (10). He coined the term donor dominance 
to describe the fact that autografts maintain characteristics 
of the donor tissue when transplanted into other regions 
of the body. Patients followed for more than 30 years 
continue to demonstrate persistent hair growth following 
punch-graft hair transplantation (11). 


Donor Hair Removal: Elliptical Strip Method 


The donor site is that portion of the scalp that contains 
permanent hair dense enough to permit the harvesting of 
graft material. This area is usually found on the sides and 
the back of the head and is limited anteriorly by a verti- 
cal line through the external auditory canal. The superior 
border of the safe donor area in the midoccipital region is 
generally located beneath a horizontal line that intersects 
the superior attachment of the auricles to the scalp. 

In the past, a multiblade knife was used to harvest the 
donor hair by simultaneously removing several paral- 
lel strips of scalp from the donor region (12). The space 
between the scalpel blades on this device was adjusted to 
allow the harvesting of different strip widths. Most often, 
the donor strips measured 1.5 to 3.0 mm in width; the 
exact dimensions depended on what size grafts the surgeon 
required for the recipient site. Because of the increased risk 
of transection and ultimate follicular loss with the multi- 
bladed knife, the preferred method for donor hair removal 
is with a single 1.0- to 1.5-cm-wide elliptical strip. The 
width of the strip is determined by several factors, includ- 
ing hair density, hair texture, scalp laxity, and scarring from 
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previous procedures. Using a single scalpel blade to incise 
the scalp, the donor tissue is obtained with particular care 
in ensuring the blade is parallel to the angle of follicular 
growth, thus minimizing damage to the follicles. 

Before harvesting grafts, the hair along the donor site 
is trimmed to about 3 mm. Saline is then infiltrated into 
the donor site to tense the mobile scalp skin. Donor- 
site turgidity minimizes the soft tissue distortion that 
results from pressure generated by the scalpel as it cuts 
the scalp. Failure to tense the scalp predisposes to irreg- 
ularly shaped strips and follicular transection. The scal- 
pel blades must parallel the hair follicles to produce an 
excellent-quality strip. Strip margins are routinely exam- 
ined during harvesting for evidence of tissue distortion 
or follicle damage. Poor strip quality may require addi- 
tional saline infiltration into the surrounding tissues or 
better alignment of the scalpel blades with the existing 
hair shafts. The donor strips are removed by incising the 
subfollicular fat just beneath the base of the follicles. The 
donor site is reapproximated in the subcutaneous level 
with a 3-0 Monocryl (poliglecaprone 25) suture, and the 
cutaneous layer is closed with a running 4-0 nylon suture 
or staples. A tension-free closure is mandatory to prevent 
follicular necrosis and a wide scar along the donor-site 
incision line. 

The donor-site strips are examined using magnifica- 
tion, and any transected hair shafts are removed from 
the edges. Excess subcutaneous fat is trimmed, taking 
care to leave about 2 mm of fat below the matrix zone 
of the hair follicles. The strips are then placed flat on 
a sterile, back-lit cutting surface. Individual grafts (1 to 
4 hairs/graft) are made by using a scalpel blade to cut 
the strips parallel to the path of the embedded follicles. 
Follicular units used in the hairline should be trimmed 
to create a teardrop-shaped graft. This method allows 
for improved density and decreased potential for pit- 
ting and graft trauma (13). Different sized grafts can be 
developed by adjusting the width of the cuts being made 
along the donor strips. Microscopic dissection tech- 
niques are preferred to assure the highest quality, most 
natural-appearing grafts. 


Donor-Site Removal: Follicular Unit Extraction 
Method 


Follicular unit extraction (FUE) is a relatively new tech- 
nique used for removing individual follicular unit grafts 
from the donor area using small round punches. In 2002, 
Rassman et al. (14) developed the FOX system (follicular 
unit extraction), which described the use of 1-mm sharp 
punches to make a circular incision around the follicles, 
which are then removed from the scalp. In 2006, Harris 
(15) described the SAFE method, which uses a two-punch 
system consisting of a sharp punch to score the epidermis, 
followed by a dull dissecting punch to separate the follicu- 
lar unit from the subcutaneous tissue. Recently, powered 
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Figure 196.2 FUE is performed using a 1-mm round punch blade 
to incise the skin down to the subcutaneous tissue. The punch fol- 
lows the hair(s) in their proper angulation to the base of the follicle. 
The follicular unit is then gently grasped with an angled forceps 
and removed. 1, Epidermis; 2, dermis; 3, subcutaneous fat; 4, 
galea aponeurotica; 5, fibrous septum; 6, subgaleal fascia; 7, peri- 
cranium; 8, cranium; 9, 2-hair follicular unit. 


instrumentation has replaced handheld instruments to 
allow the surgeon a more efficient method to extract a 
greater number of follicular units in a single session with 
less transection (16). 

The donor-area hair is shaved to 2 to 3 mm in length in 
order to visualize the curvature to the hair. With the patient 
in a prone position, local anesthesia with 1% lidocaine 
with 1:100,000 epinephrine is injected to establish a ring 
block, and saline is sparingly used intradermally to add 
turgor to the skin. Typically, a 1-mm round punch blade is 
used to penetrate the epidermis and dermis around the fol- 
licular unit to dissect it from the surrounding tissues. Since 
this is a relatively “blind” procedure, the angle of the hair 
must be followed accurately to avoid transecting the graft. 
Once released, the follicular unit is then gently grasped and 
removed (Fig. 196.2). This procedure is repeated until the 
desired number of grafts is obtained. The grafts are then 
examined under the microscope to assure their integrity 
and remove any excess skin. 

The main advantages of FUE include decreased scarring, 
allowing people to wear their hair very short; decreased 
pain; and the ability to harvest hairs from other areas of 
the body. It is also useful to camouflage wide donor-site 
scars from prior surgery (17). 


Recipient Site 


Most alopecic areas can be filled with dense-appearing hair 
using one to three transplant sessions. Grafts are inserted 
into the recipient sites made by specially designed blades 
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Figure 196.3 Autograft hair transplantation is commonly per- 
formed in one to three sessions; a typical grafting sequence is 
shown. The actual spacing between adjacent grafts during any given 
session should be sufficient to preserve circulation, but should also 
maintain a subtle randomness to assure a natural end appearance. 


or needles of various sizes. The grafts are spaced evenly 
apart from each other, taking care to preserve an intact, cir- 
cumferential bridge of skin between adjacent grafts. This 
is necessary to maintain adequate circulation around each 
graft (Fig. 196.3). To maintain a natural hair-growth pat- 
tern, the original hair direction and exit angle from the 
scalp are followed when cutting the recipient site slits or 
holes. Consistent angling is required throughout all graft 
sessions to prevent transecting previously transplanted 
follicles. The hair along the frontal hairline is directed 
anteriorly at approximately a 10-to-15-degree angle. As 
the placement of slits extends laterally toward the temple, 
the hairline is pointed more inferiorly toward the ear and 
leaves the scalp at a very flat angle. 

Modern hair transplantation techniques favor using one 
of two methods to achieve both density and refinement 
within the transplanted hairline regions: (a) the exclusive use 
of follicular unit grafts (18) and (b) combinations of mini- 
grafts and micrografts (19). A follicular unit is a microscopic 
cluster of closely united follicles. Each cluster of related folli- 
cles maintains a microscopically anatomic separation from 
adjacent follicle unit clusters. A follicle unit usually contains 
one to four hairs. Follicular unit transplantation requires the 
use of an operating microscope for optimal graft prepara- 
tion. The frontal hairline is composed of single hair follicu- 
lar units, with two to four hair follicular units placed more 
posteriorly. Microscopic assistance is not used with mini- 
graft and micrograft techniques. Minigrafts contain three to 
eight hairs, whereas micrografts have only one or two hairs. 
Micrografts are commonly used to refine the outer perim- 
eter of the transplanted recipient site, especially along the 
anterior aspect of the frontal hairline. Micrografts soften 
the transition zone between the bald forehead skin and the 
transplanted frontal hairline (20). Minigrafts, because of 
their larger size, are used to create higher density hair, more 
posteriorly within the recipient site. 

Transplantation of the crown requires re-creation of a 
natural whorl. The center of the whorl usually begins in the 
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middle of the crown’s lower quadrant adjacent to the part 
side. The grafts are angled to mimic a natural whorl, where 
hair radiates around the predetermined central point. 

It is recommended that at least 6 months pass between 
subsequent transplant sessions. Hair does not grow for an 
average of 3 months after a transplant session. Therefore, 
the surgeon should wait 6 months before planning fur- 
ther transplant sessions to evaluate the hair growth from 
the previous sessions. The surgeon can then examine the 
quantity and quality of the new hair growth before placing 
additional grafts. Waiting to see new hair growth also allows 
the surgeon to precisely and completely fill the spaces left 
between the previously placed grafts. Crusts form on the 
grafts soon after surgery and these crusts shed in about 1 
to 2 weeks post procedure. The freshly transplanted grafts 
enter a telogen effluvium phase and lose their preexistent 
hair over the subsequent 2 to 6 weeks. New hair begins to 
grow about 10 to 16 weeks after surgery and grows at the 
normal rate of 1/2 to 1 inch per month. Occasionally, the 
new hair will appear coarser than the original hair. 


Sequelae and Complications 


Table 196.3 lists complications of hair-restoration surgery. 
Most patients experience little discomfort after hair trans- 
plantation and require nothing more than acetaminophen 
with codeine. Severe forehead edema occasionally develops 
postoperatively; however, this swelling is temporary and 
may be reduced with postoperative low-dose oral steroids. 

Keloidal healing is rare. If any questions regarding a 
patient’s predisposition remain after a thorough preop- 
erative history, a single test graft can be performed at the 
margin of the fringe. This graft should be observed for 3 to 
4 months before scheduling any further transplants. Graft 
elevation above the surrounding recipient site (cobble- 
stoning) occurs when grafts are not trimmed properly or 
when there is a size discrepancy between the graft and the 
recipient opening. Elevated grafts are corrected by shaving 
the raised epidermal surface parallel to the normal adja- 
cent scalp with a scalpel blade. Cysts can occur when the 
grafts are placed under the dermis. 


TABLE 


COMPLICATIONS— 
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Arteriovenous fistula 

Hematoma 

Infection 

Necrosis 

Poor hairline design 

Scarring 

Telogen 

Cysts 

Poor preoperative planning (donut deformity) 
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Tissue necrosis at the donor site is rare and usually 
results from overaggressive harvesting techniques. Wide 
scars occur when excessive tension is used to close the 
donor site. Infections following hair transplants occur in 
less than 1% of patients. Bleeding is unusual and is usually 
controlled with firm pressure. Arteriovenous fistulae are 
rare after transplantation and often resolve spontaneously 
within 3 to 6 months. Direct steroid injection, suture liga- 
tion, or complete excision is required for persistent lesions 
or progressive enlargement. 

Poor preoperative planning can result in an unnatural 
hairline design, or with regard to future hair loss, a discon- 
nect between a patient’s transplanted hair and their natural 
hair. 


SCALP REDUCTION 


Scalp reductions, seldom performed today, are used to 
excise bald skin from the crown and central scalp regions. 
The hair-bearing scalp is undermined and advanced supe- 
riorly to cover the excision site. The inherent flexibility of 
the scalp determines the success or failure of this tech- 
nique. Patients with extremely flexible scalps may undergo 
a tremendous excision of bald scalp in a single operation, 
whereas patients with very tight scalps realize minimal ben- 
efit following a standard scalp reduction. This technique is 
most useful for reducing crown alopecia in patients with 
Norwood class IV to VI MPB. 

Several scalp reduction patterns have been described 
(21) (Fig. 196.4). The sagittal midline pattern is the easiest 
to perform, but it creates a central scar over the vertex of 
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the head and a slot that extends into the midoccipital hair- 
bearing scalp. Although more time consuming, a Y-pattern 
reduction can be used in place of the sagittal midline pat- 
tern to excise crown alopecia without creating a slot-like 
deformity at the occipital hairline. A variety of other reduc- 
tion designs, including C, J, S, and lateral crescent-shaped 
patterns, use laterally placed scars along the fringe of the 
bald area to reduce crown alopecia without causing unnat- 
ural slot formations in the occipital scalp. Lateral patterns, 
however, are more difficult to perform than midline pat- 
terns, and they produce more central scalp hypesthesia. 

Most scalp reductions are performed in a prone posi- 
tion using local anesthesia with intravenous sedation. Skin 
incisions are carried down through the galea aponeuro- 
tica, taking care to bevel the scalpel to avoid transecting 
adjacent hair follicles. A subgaleal dissection is extended 
inferiorly to the superior attachment of the auricle and to 
the nuchal ridge. The surgeon can overlap the undermined 
scalp to estimate a safe excision margin. This technique 
prevents overexcising the scalp and reduces the potential 
for excessive incision line tension. The overlapping bald 
skin is excised with a scalpel, and the scalp is closed in two 
layers. A secure galea aponeurotica closure is required to 
minimize incision line tension. 

Few complications occur with standard scalp reductions. 
Occasionally, a deep suture reaction results in suture extru- 
sion and open wounds along the incision line on the scalp. 
Suture removal and local wound care remedy this situation. 
Postoperative bleeding, infection, dehiscence, and perma- 
nent hair loss are unusual complications. Graft transplan- 
tation is usually required to camouflage the mid-scalp and 


Figure 196.4 Common scalp reduction patterns. A: Midline sagittal ellipse. B: Y pattern. C: Lateral 
crescent. 


crown scars that are produced following a scalp reduction. 
A poorly executed scalp reduction can produce an unnatural 
hair direction if the inferiorly directed temporal hairline is 
pulled too far superiorly to the midline of the scalp. 


TISSUE EXPANSION 


Scalp tissue expansion redistributes hair follicles in the donor 
area over a larger surface area on the stretched scalp (22). 
This technique has been successfully performed in patients 
with hair loss secondary to trauma, burns, neoplasms, and 
MPB. Various tissue expanders that allow the surgeon to cus- 
tomize the expansion process for any given area of the scalp 
are available. This modality is especially useful in patients 
with MPB who would benefit from a hair-bearing flap or 
a scalp reduction but are limited by poor scalp flexibility. 
Tissue expansion enables the surgeon to remove large areas 
of bald skin without changing the hair color or texture. It is a 
relatively rapid technique that has few complications when 
properly performed. The disadvantages include the need for 
repeated injections to expand the scalp, the pain associated 
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with the injections, and the temporary cosmetic deformity 
that results with progressive tissue expansion. 

Tissue expansion can be used to provide a relatively 
rapid restoration of hair-bearing skin over the crown and 
mid-scalp regions in patients with Norwood class IV to 
VI MPB and poor scalp flexibility. Scalp expanders are 
designed to expand the entire temporoparietal and occip- 
ital donor regions. This technique does not provide hair 
coverage in the frontal region, however. In patients with 
coexistent frontal baldness, standard transplant techniques 
or a modified transposition flap are used after the expan- 
sion procedure is completed. 

The expanders are placed through incisions along the 
temporoparietal and occipital fringe (Fig. 196.5). The 
hair-bearing scalp is mobilized inferiorly to the superior 
attachment of the auricle and to the nuchal ridge. Remote 
injection ports are used to prevent accidental punc- 
ture of the tissue expander during the inflation process. 
The expanders are placed flat against the skull, and the 
injection ports are placed in a separate pocket under the 
alopecic mid-scalp region. About 30 mL of sterile saline is 
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Figure 196.5 Tissue expansion for treating crown and mid-scalp baldness. Tissue expanders are 
placed bilaterally through incisions (dashed lines) along the balding fringe (left). After the expansion 
process is complete, incisions are made along the hair-bearing fringe, and the bald skin on the crown 
and mid-scalp is removed (center). The expanded hair-bearing scalp is advanced upward to close 


the defect (right). 
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injected into the expanders immediately after skin closure 
to eliminate dead space. 

Tissue expansion begins 2 to 3 weeks postoperatively. 
The expanders are injected two or three times a week, 
depending on the patient’s pain tolerance during the injec- 
tion process. Each expander is injected with sterile saline 
using a 25-gauge needle until the pain threshold is just 
reached. Each filling session requires about 30 to 60 mL 
of sterile saline. If pain is a problem, the patient can take a 
mild analgesic before the injection sessions. The expanders 
are gradually filled to capacity (500 to 800 mL) over 6 to 
8 weeks. Expansion is finished when the cumulative tissue 
gain across the domes of the expanded tissue exceeds the 
width of the alopecic defect. 

Excision of bald scalp begins by partially deflating the 
expanders. A horseshoe-shaped incision beginning at the 
apex of the planned frontotemporal triangle is made supe- 
rior to the hair-bearing fringe. The expanders are removed, 
and the expanded scalp is moved superiorly. If additional 
advancement is required, the capsule is incised inferiorly, 
and additional undermining is performed. The overlapped 
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bald skin is excised from the top of the head, and the hair- 
bearing flaps are brought together in the midline. 

Complications of tissue expansion include infection, 
hematoma, exposure of the implant, and implant failure. 
Proper technique and the use of preoperative and postop- 
erative antibiotics minimize the potential for these com- 
plications. 


JURI FLAP 


The Juri flap, rarely if ever performed today, is a pedicled 
transposition flap based on the superficial temporal artery 
(STA) for surgical restoration of the frontal hairline (23). A 
single flap is used for frontal hairline restoration in patients 
with hair loss limited to the frontal region. In suitable candi- 
dates with more advanced balding over the top of the head, 
two flaps and a scalp reduction can be staged to provide about 
12 cm of dense hair in the frontal and mid-scalp regions. 
The Juri flap requires four stages for completion. The first 
stage begins with designing a hairline and the flap (Fig. 196.6). 
The STA is identified by Doppler ultrasonography about 3 cm 
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Figure 196.6 The Juri flap. The temporal and parietal portions of the flap are incised during the 
first stage (solid lines). The second stage involves mobilizing the tail of the flap in the occipital region 
(dashed lines) (left). The donor site is closed, and the flap is transposed during the third stage (cen- 
ter). The flap is designed to recreate the frontal hairline (right). 


above the root of the helix. The flap is 4 cm wide and has 
the STA located in the central portion of the base. The base 
begins posteriorly about 3 cm above the root of the helix 
and inclines 35 to 45 degrees in an anterior and superior 
direction. The flap is arched superiorly into the temporal 
scalp and gently turned posteriorly and inferiorly into the 
parietal and occipital regions, taking care not to cross the 
midline or to extend into any areas having the potential for 
future hair loss. The flap length is determined by measuring 
the distance from the base of the flap across to the distal end 
of the frontal hairline. About 4 cm is added to accommodate 
the “dog ear” that forms when the flap is transposed. 

The first two procedures are performed using a local 
anesthetic. To prevent flap necrosis, epinephrine is never 
used near the base or the tail of the flap. The first stage 
consists of incising the proximal three-fourths of the flap 
through the galea aponeurotica, with attention to main- 
taining an angle that preserves hair follicles. The flap is 
not elevated during this stage. One week later, the tail of 
the flap is incised and elevated to the level of the previ- 
ous week’s incision lines. The occipital vascular plexus is 
cauterized or ligated and the flap then laid down without 
entering the region of the prior week’s procedure. 

The flap is transposed 1 week after the second delay 
procedure, most often under general anesthesia. The flap 
is elevated in a subgaleal plane and carefully inspected for 
adequate circulation at the distal end. A beveled incision is 
made across the planned anterior hairline, and the scalp is 
widely undermined in a subgaleal plane superior and infe- 
rior to the flap donor site. Homeostasis is checked, and the 
donor site is closed in layers. 

After the donor site is closed, the flap is transposed to 
lie across the frontal region. A 1-mm strip of epidermis is 
removed from the frontal edge of the flap with fine forceps 
and tenotomy scissors. This maneuver allows the surgeon 
to bury a small strip of dermis along the hairline aspect 
of the flap below the forehead skin. As hair grows along 
the deepithelialized strip, it will exit through the overlying 
forehead skin and incision line, thereby helping to camou- 
flage the frontal scar. The frontal incision line is carefully 
sutured together. Any overlapping bald skin posterior to 
the flap is then excised, taking care to avoid tension along 
the incision line. 

Any standing cone deformity that forms at the transpo- 
sition site is revised 6 weeks after rotating the flap. The flap 
is cut directly across the dog ear. Limited incisions are made 
adjacent to this cut along the anterior and posterior mar- 
gins of the flap. The base of the flap is rotated posteriorly, 
thus restoring natural hair directionality over the entire 
temporal scalp. The hairline side of the cut flap is then 
turned posteriorly to recreate a frontotemporal triangle 
that is symmetric with the contralateral side. Overlapping 
bald skin posterior to the flap is excised to accommodate 
proper flap positioning. 

If needed, a second flap is placed 4 cm posterior to 
the first flap 2 to 3 months after restoration of the frontal 
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hairline. The bald space between the two flaps is excised 
2 to 3 months later, resulting in 12 cm of dense hair cover- 
age over the anterior scalp. 

One sequela of the Juri flap is the posteriorly oriented 
frontal hair that results after flap transformation. Severe 
complications including scalp necrosis and permanent 
hair loss are more common with flap procedures than with 
other forms of hair-restoration surgery. These problems are 
unusual in patients with normal scalp circulation; however, 
patients with a history of extensive donor graft harvesting 
over the flap’s donor site are especially prone to these com- 
plications. Poor hairline design, wide scars, infection, and 
hematoma are other possible complications of frontal flap 
hairline restoration (24). 


m AGA, commonly referred to as MPB, is the most 
common cause of hair loss in adults. 

m Many surgical options are available to manage all 
but the most severe cases of alopecia. 

m Currently, topically applied minoxidil (Rogaine) 
and oral finasteride (Propecia) are the only medica- 
tions approved by the FDA for the medical manage- 
ment of hair loss in humans. 

m The term donor dominance refers to the fact that hair- 
bearing autografts maintain characteristics of the 
donor tissue when transplanted into other regions 
of the body. 

= Donor hair is harvested utilizing the elliptical strip 
method and FUE techniques. 

= In the past, standard punch-graft techniques were 
often criticized for producing unnatural, artificial- 
appearing hairlines, especially in patients with 
straight dark hair and light skin color. Technical 
advances with follicular unit transplants, as well as 
minigraft and micrograft hair transplants, allow the 
reconstruction of natural, nonsurgical-appearing 
frontal hairlines. 

m Various scalp reduction techniques are available to 
reduce crown baldness, offering hope for patients 
with advanced alopecia who want to attain natural 
hair restoration over the entire scalp. 

m Tissue expansion permits the effective removal and 
restoration of large alopecic regions in patients with 
tight, inflexible scalps. 
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Cosmetic Uses 
of Neurotoxins and 


Injectable Fillers 


Nonsurgical techniques for facial rejuvenation have 
become the fastest growing area of many cosmetic prac- 
tices. The use of botulinum toxin and injectable fillers, 
either alone or in combination, has proven over time to 
be an effective, minimally invasive and extremely popu- 
lar treatment option for facial rhytids. Improved safety 
profiles, lower costs, negligible downtime and increasing 
duration of effect have led to the veritable explosion of 
interest in the nonsurgical treatments of facial aging. 

One should begin by understanding the basic differ- 
ence between the neuromodulators and injectable fillers. 
Whereas botulinum toxin injections are used to eliminate 
or soften specific dynamic facial lines (i.e., wrinkles pro- 
duced during animation with active contraction of the 
facial muscles) by selectively weakening the underlying 
muscles, the fillers as a group are generally used to help 
efface facial wrinkles or creases that are apparent even 
at rest. In that sense, botulinum toxin can be thought of 
as preventing selected facial wrinkles from developing or 
deepening, while the injectable fillers on the other hand 
are used for the treatment of already established rhytids. In 
many cases, the combination of the two might yield a bet- 
ter result than either product alone. 

Distinct facial regions are affected by the aging process 
in different ways. In general, aging of the upper face results 
more from repetitive action of smaller muscles with the 
secondary development of dynamic lines—forehead, gla- 
bellar and periorbital (crow’s feet). Age-related volume 
loss (aside from the temporal area) contributes less to the 
aging of the upper face. Accordingly, the use of neuromod- 
ulators such as botulinum toxin plays a greater role in the 
nonsurgical rejuvenation of the upper face than the dermal 
fillers. On the other hand, gravitational descent, hollow- 
ing and volume loss are the primary determinants of aging 
changes seen in the midface where the approach to volume 
restoration and nonsurgical rejuvenation focuses primarily 
more on the use of fillers than neurotoxins. In the lower 
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face, volume loss in the lips and prejowl sulcus as well as 
deepening of the nasolabial creases are seen with aging 
in addition to the development of dynamic perioral lines 
(vertical upper lip rhytids, marionette lines). In the lower 
face therefore, selective application of either the fillers or 
neuromodulators can be useful means of addressing the 
aging changes seen in this region. 

While the risk/benefit ratio for these products is 
extremely favorable, familiarity with the actions, indica- 
tions, contraindications, treatment expectations and proper 
patient selection is vital to maximizing patient satisfaction 
and minimizing complications. Knowledge of the regional 
anatomy and proper technique are an equally important 
part of the foundation upon which successful use of these 
products is built. 


For the most common cosmetic applications of botulinum 
toxin, one must be intimately familiar with the relevant 
muscular anatomy of the forehead, glabella, brow, perior- 
bital and perioral regions, and neck (Fig. 197.1). 

Horizontal forehead rhytids are caused by repeated con- 
traction of the frontalis muscle—the sole elevator of the 
brow. In general, there is a midline separation between the 
two frontalis muscles, and the vertical contraction of those 
muscles elevates the brow and scalp leading to the forma- 
tion of transverse lines in the forehead. The frontalis mus- 
cle originates from the galea aponeurotica superiorly and 
interdigitates with the brow depressors inferiorly. From a 
clinical perspective, it is important to recognize that iso- 
lated treatment of the frontalis muscle—the only brow 
elevator—leaves the action of the brow depressor muscles 
unopposed. In some patients, this can result in brow ptosis 
or a heavy, visor-like feeling to the brow. 

Brow elevation by the frontalis muscles is opposed 
by muscles that function as the brow depressors. These 
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Figure 197.1 Facial musculature. 


include the procerus, the corrugator supercilii, the orbi- 
cularis oculi and the depressor supercilii (the fibers of the 
orbicularis below the medial brow). 

The procerus muscle originates inferiorly from the lower 
nasal bones in the midline and runs vertically to blend 
with the frontalis and insert in the soft tissue between 
the brows. Contraction of the procerus creates the visible 
transverse crease at the root of the nose. 

The paired corrugator supercilii muscles originate deep 
to the frontalis and orbicularis muscles near the medial 
supraorbital ridge where the frontal and nasal bones meet 
and run superolaterally to insert into the skin and subcu- 
taneous tissue just above the mid-brow. Contraction of 
the corrugator muscles causes the vertical glabellar lines 
between the brows (the “frown” lines). 

The orbicularis oculi muscle consists of two parts—the 
orbicular (the outermost portion) and the palpebral, with 
the latter being divided into preseptal and pretarsal por- 
tions. The muscle broadly encircles the orbit, interdigitat- 
ing with the corrugator muscle medially and superiorly 
and the frontalis muscle superiorly. Contraction of the 
orbital portion of the muscle is what produces the lateral 
orbital rhytids or “crow’s feet.” Some of the medial fibers 
of the orbicularis oculi known as the depressor supercilii 
insert into the skin below the medial eyebrow and also act 
as medial brow depressors. 

The orbicularis oris muscle encircles the mouth and 
functions both as an oral sphincter and to protrude the 
lips. Its fibers merge with the depressor anguli oris and 
the risorius muscles lateral to the oral commissure and the 
zygomaticus major and minor superiorly. Contraction of 
the orbicularis oris will result in the fine vertical rhytids 
that radiate around the upper and lower lips. 

The platysma muscle is responsible for horizontal neck 
creases and vertical bands in the neck. It originates from the 


fascia overlying the upper chest and clavicle and extends 
superiorly to insert on the lower mandible and mentum 
medially and blends with the perioral muscles centrally. 
More posteriorly and superiorly, the platysma is continu- 
ous with the SMAS in the lower two-thirds of the face. 


BOTULINUM TOXIN (NEUROTOXINS) 


Botulinum toxin injections have become by far the most fre- 
quently performed cosmetic procedure over the last decade. 
In 2008, the use of neurotoxins accounted for almost 
25% of all nonsurgical aesthetic procedures (1). Cosmetic 
applications have expanded, and an increasing number of 
nonaesthetic applications have been reported as well. 

A number of commercially available neuromodulators 
have been FDA approved for cosmetic applications in the 
United States. Two of these are formulations of botulinum 
toxin type A (BoNTA)—onabotulinum toxin A (BoNTA- 
ONA), which is sold as Botox Cosmetic (Allergan, Inc., 
Irvine, CA), and abobotulinum toxin A (BoNTA-ABO), 
which is sold under the trade name Dysport (Medicis 
Aesthetics, Scottsdale, AZ). Both of these have been 
approved for the treatment of glabellar lines in addition 
to their nonaesthetic indications. A third neurotoxin, a 
formulation of botulinum toxin B, marketed as Myobloc 
(Solstice Neurosciences, South San Francisco, CA), is FDA 
approved for nonaesthetic (medical) use and will not be 
discussed at any length in this chapter. Beyond their FDA- 
approved medial and aesthetic indications, each of these 
has been used technically “off-label” in the cosmetic treat- 
ment of non-glabellar hyperkinetic facial lines as well. 

In addition to differences in the formulation itself, com- 
mercial preparations may differ with respect to pH, protein 
content, purification and manufacturing methods as well 
as other characteristics (2). It is likely that these differences 
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account somewhat for the variations in clinical characteristics 
and performance. As a result, there is no single conversion 
factor that yields exact equivalents of efficacy, safety and dif- 
fusion between the various preparations, and BoNTA-ABO 
units are not interchangeable with BoNTA-ONA units (the 
two main botulinum toxin preparations used clinically). In 
general, however, BONTA-ABO (Dysport) is less active on a 
per unit basis than BONTA-ONA (Botox Cosmetic), which 
means that more units are required to achieve a comparable 
effect. That said, the literature with respect to dose conver- 
sions can be confusing, variable in rigor and validity and not 
free of commercial bias. More recently published literature 
suggests that one unit of BoNTA-ONA (Botox Cosmetic) is 
roughly equivalent to 2 to 4 units of BoNTA-ABO (Dysport) 
for a ratio of 2:1 to 4:1 (3). 


Mechanism of Action 


Clostridium botulinum is a gram-positive anaerobic bac- 
teria that produces eight antigenically distinct toxins (A, B, 
C1, C2, D, E, E and G), seven of which are neuroparalyt- 
ics. The neurotoxin produces a temporary chemical dener- 
vation by inhibiting the release of acetylcholine from the 
presynaptic neuron at the motor end plates of voluntary 
muscle. All seven serotypes share the same mechanism of 
action, inhibiting acetylcholine release at peripheral nerve 
endings, but differ with respect to molecular complex size, 
presence or absence of complexing proteins and specific 
details in their sequence of action (4). 

The flaccid paralysis that follows is temporary in nature. 
Chemodenervation is followed by a two-stage recovery pro- 
cess. Initially, there is growth and sprouting of new axonal 
collaterals which establish new connections at the motor 
end plate. At about 3 months, neural transmission through 
the original (primary) nerve terminal is reestablished and 
the collateral axons regress (5). This correlates with clinical 
recovery of function typically in the range of 3 to 4 months 
postinjection. 


Indications and Contraindications 


Botox Cosmetic is currently FDA approved for therapeutic use 
in cervical dystonia, strabismus, blepharospasm and hyper- 
hidrosis and cosmetically for the temporary improvement 
in vertical glabellar rhytids caused by the action of the cor- 
rugator and procerus muscles. Dysport is FDA approved for 
therapeutic use in the treatment of cervical dystonia in adults 
and cosmetically for the temporary improvement in glabel- 
lar lines. Although technically “off-label,” the clinical use of 
these BoNTA preparations has expanded widely to include 
the treatment of many other conditions including other facial 
hyperkinetic lines, migraine headaches, hyperhidrosis, brux- 
ism, Frey syndrome, muscle tension dysphonia, torticollis 
and bilateral masseteric hypertrophy to name a few. 

The use of any botulinum toxin is contraindicated in 
individuals with preexisting neuromuscular disorders (e.g., 
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myasthenia gravis, amyotrophic lateral sclerosis, Eaton- 
Lambert syndrome) and patients with a sensitivity to any 
other botulinum toxin product, an albumin allergy, or 
cow’s milk protein allergy (in the case of Dysport; as dis- 
tinct from patients who are lactose intolerant). Use in preg- 
nant women or lactating mothers is not recommended as 
there is no safety data regarding use in such circumstances. 


Cosmetic Applications of Botulinum Toxin 


Commercially available Botox Cosmetic is supplied in a 
crystalline form as 100 unit vials, whereas Dysport is sup- 
plied with 300 units per vial. Both products are diluted 
with sterile, preservative free normal saline. The volume 
of dilution depends on the preference of the treating phy- 
sician. Most prefer dilutions that yield concentrations of 
2 to 5 units of Botox Cosmetic per 0.1 mL as this product 
is typically injected in 2 to 5 unit aliquots (per injection 
site). Dysport is generally diluted to yield concentrations 
of either 10 units per 0.1 mL or 10 units per 0.05 mL as 
this product is typically injected in 10-unit aliquots (per 
injection site). 

The volume of dilution (and hence the concentration) 
can vary with the clinician’s preference, but the underlying 
principle is that high concentration-low volume injections 
will help minimize unwanted dispersion of the toxin to 
surrounding tissues. According to the product information, 
it is recommended that once reconstituted botulinum 
toxin should be used within 4 hours, although many cli- 
nicians have refrigerated any unused toxin for use up to 
30 days (6) and found it to still be clinically effective. In 
one study of timing of onset and duration of effect in the 
treatment of forehead rhytids, no difference was found 
between freshly reconstituted Botox Cosmetic as compared 
to the same product which was either reconstituted and 
stored in a refrigerator for 2 weeks or reconstituted and 
stored in a freezer for 2 weeks prior to use (7). 

Following injection, the onset of muscle weakness with 
BoNTA generally occurs between 2 and 5 days. Botulinum 
toxin type B (Myobloc) has been shown to have a faster 
rate of onset than BoNTA formulations—often within 
24 hours (8). In general, the duration of response to the 
BoNTA preparations is similar to one another and should 
last on average 3 to 4 months before full muscle recovery 
is noted, though comparative studies looking at physician 
and patient evaluations of improvement and satisfaction 
suggest that Botox Cosmetic may have a longer duration 
of effect than Dysport (9,10). Myobloc on the other hand 
has a shorter duration of action than either formulation of 
BoNTA, with efficacy lasting only up to 8 weeks (8). 

Although there are many potential applications for the use 
of botulinum toxin, this chapter will review in general terms 
only the most common uses for improving facial aesthetics— 
the treatment of glabellar rhytids (“frown lines”), transverse 
forehead rhytids, lateral periorbital rhytids (“crow’s feet”), 
the adjustment of brow contour and position (the “chemical” 
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browlift), the treatment of platysmal banding in the neck and 
vertical upper lip rhytids. 

Differences in either injection site specifics or indi- 
vidual adjustments in dose will be apparent from patient 
to patient and may result from variations in muscle bulk, 
animation pattern, severity of rhytids, previous results and 
unique anatomic variations. Keeping detailed treatment 
records with respect to site, dosage and differences will 
facilitate reproducibility and improve patient satisfaction. 
Injection technique is essentially the same regardless of 
which formulation is used. 


Glabellar Rhytids 


Glabellar rhytids include the vertical “frown” lines pro- 
duced by contraction of the corrugator supercilii muscles 
as well as the transverse crease at the nasion produced 
by contraction of the procerus. Injection points for gla- 
bellar rhytids should target the procerus in the region of 
the nasion at the intersection of two lines, each of which 
extends from the medial brow to the opposite medial can- 
thus. Each corrugator muscle is injected medially and lat- 
erally into the belly of the muscle above the medial brow 
roughly in line with the medial canthus and further later- 
ally along the muscle, staying medial to the mid-pupillary 
line (Fig. 197.2). The latter two injections should always 
be at or above a transverse line drawn though the mid-eye- 
brow and above the superior orbital rim to minimize the 
chance of diffusion into the levator palpebrae of the upper 
lid which could result in a transient eyelid ptosis (11). 


Transverse Forehead Rhytids 


As the frontalis muscle is the only elevator of the brow, 
isolated treatment of horizontal forehead lines must be 
done with caution. In the patient with heavy glabellar 


Figure 197.2 Typical botulinum toxin injection pattern for gla- 
bellar rhytids/corrugator creases. 
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Figure 197.3 Typical grid-like botulinum toxin injection pattern 
for transverse forehead rhytids. 


thytids or a very low brow one should assume that the 
brow depressors are quite strong and active, in which case 
isolated treatment of the frontalis muscle may cause or 
further aggravate brow ptosis. In such cases, concomitant 
treatment of the brow depressors (corrugators, procerus) 
should at the very least be discussed with the patient. 

Effective treatment of the transverse forehead rhytids 
involves subcutaneous or intramuscular injections into 
the frontalis muscle, either in a relatively uniform grid-like 
fashion across the forehead (Fig. 197.3) or at four to five 
equally spaced sites on a horizontal line between the eye- 
brows and the hairline. Care is taken to stay a minimum of 
1 to 1.5 cm above the brow for all injections to minimize 
the risk of eyebrow ptosis. Simultaneous treatment of brow 
depressors, if undertaken, can involve the procerus and/or 
corrugators and/or the lateral orbicularis oculi above the 
orbital rim and just below the tail of the brow. 


Lateral Periorbital Rhytids 


Lateral periorbital rhytids (“crow’s feet”) result from 
repeated contraction of the lateral portion of the orbicularis 
oculi muscles. As this muscle is very thin and superficial, 
intradermal or immediately subdermal injections are suf- 
ficiently deep and will help minimize the bruising that can 
occur commonly in this area. Injections should also be on 
an arc at least 1.5 cm lateral to the lateral canthus and 1 cm 
outside the lateral orbital rim to minimize the chance of any 
diffusion through the lid into the levator palpebrae superi- 
oris which could result in upper eyelid ptosis. Treatment of 
the crow’s feet is best avoided in anyone with a preexisting 
upper eyelid ptosis, lagophthalmos or upper facial palsy. 
Having the patient smile or squint will help identify 
the specific area or lines in need of treatment. Multiple 
serial injections are then used, typically two to four, 
perpendicular to the muscle and just outside the orbital 
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Figure 197.4 Typical botulinum toxin injection pattern for lateral 
periorbital rhytids. 


rim (Fig. 197.4). The amount injected per site will depend 
on the distribution of the lines and the activity of the 
underlying orbicularis oculi. 


Adjustment of Brow Position and Contour 
(The “Chemical Browlift”) 


At least to some degree, brow position is the result of an 
equilibrium reached between the action of the brow ele- 
vator (the frontalis) and the opposing action of the brow 
depressors (the corrugator, the procerus, the orbicularis 
oculi and the depressor supercilii) (12,13). As such, selec- 
tive weakening of the brow depressors with botulinum 
toxin, either medially or laterally, may result in a modest 
(several mm) “pharmacologic” brow lift. 

Elevation of the entire brow will require attention 
to both the medial and the lateral brow depressors. 
Frequently, elevation of only one end of the brow or the 
other might be desired in which case it suffices to address 
those muscles only. For elevation of the medial brow, treat- 
ment of the corrugators and procerus as well as the depres- 
sor supercilii is required. The latter muscle is treated with 
an injection of a small dose just below and just lateral to 
the medial head of the brow, taking care to remain outside 
the orbital rim to avoid unwanted diffusion into adjacent 
muscles. Elevation of the lateral brow requires a subder- 
mal injection of the orbicularis oculi muscle just below the 
eyebrow lateral to the high point of the brow, once again 
remaining outside the orbital rim. One to three injection 
sites may be required. 


Platysmal Banding 


Administration of botulinum toxin to platysmal bands can 
be a useful adjunct in the treatment of the senescent neck 
(14). Best results are seen with mild to moderate banding 
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(15), and the changes are most appreciable with dynamic 
contraction of the platysma than at rest. 

Having the patient contract the muscle will best dem- 
onstrate the platysmal bands, which are then grasped and 
injected with botulinum toxin at multiple sites each 1 to 
1.5 cm apart, from below the jawline to the lower neck. 
Typically, each band will receive a total of about 15 units 
of Botox Cosmetic or 40 to 80 units of Dysport per band. 
Caution must be exercised to avoid excessive doses and 
to inject into the muscle but not deep to it. Overly deep 
injections can increase the risk of dysphagia and/or neck 
weakness. 


Vertical Lip Rhytids 


Very low doses of botulinum toxin injected into the orbicu- 
laris oris muscle of the upper lip can help efface or soften 
vertical upper lip lines. This treatment may be an alterna- 
tive to perioral chemical peels or laser resurfacing and can 
be used alone or in combination with injectable fillers. In 
order to avoid problems with oral incompetence the injec- 
tions are kept very superficial (subdermal), and very small 
doses are used initially. Nonetheless, professional public 
speakers and wind instrument musicians may not be ideal 
candidates for this treatment. 

Four evenly spaced injections are given across the upper 
lip at or immediately above the vermilion border. Starting 
with lower doses and increasing if necessary is most pru- 
dent. In addition to reducing the depth of apparent verti- 
cal lip lines, some degree of lip eversion is also frequently 
noted. 


Botulinum Toxin Complications 


As noted earlier, the safety profile of neurotoxins when 
used for cosmetic applications is quite favorable. In fact, 
the safety, combined with favorable and reproducible out- 
comes accounts for the popularity of the procedure. Sound 
knowledge of the regional anatomy, attention to proper 
doses and technique and the use of high concentration- 
low volume dilutions all help minimize the incidence of 
unwanted side effects. Larger volumes can lead to inadver- 
tent and undesirable spread to adjacent nontargeted tis- 
sues. Since the effect of any neurotoxin is a temporary one, 
so too are the complications. There have been no deaths 
reported or adverse long-term effects from the cosmetic use 
of neurotoxins (16). 

Medications that might potentiate the activity of botu- 
linum toxin include aminoglycosides, cyclosporins, neuro- 
muscular blockers, calcium channel blockers, quinidine, 
magnesium sulfate and p-penicillamine. 

General sequelae of botulinum toxin injections include 
pain, erythema and bruising at the injection site, headache, 
flu-like symptoms, malaise and fatigue. Injection pain 
can be minimized by using small gauge needles as well as 
slowly inserting the needle and injecting slowly. Aside from 
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Figure 197.5 Left eyelid ptosis resulting from diffusion of botuli- 
num toxin into levator palpebrae superioris muscle. 


injection-related discomfort, erythema and perhaps bruis- 
ing, the others are much less common. Headaches occur in 
about 1% of patients, and patients should be informed of 
this possibility (17). 

Site-specific complications should be infrequent if suit- 
able consideration is paid to technical detail. The most 
significant complication of glabellar or lateral periorbital 
injections is upper eyelid ptosis (Fig. 197.5). Ptosis results 
from migration of the injected toxin deep to the orbital 
septum where it may affect the levator palpebrae superioris 
of the upper eyelid. Staying outside the orbital rim with all 
injections (as indicated earlier) should prevent this com- 
plication from developing. In addition, one should avoid 
massaging the area as this may encourage unwanted dis- 
persion of the product. Upper eyelid ptosis can develop 
up to 1 week after injections and usually resolves within 
2 to 6 weeks. Should it develop, ptosis can be treated with 
alpha-adrenergic ophthalmic drops such as Iopidine 0.5% 
(Apraclonidine, Alcon Laboratories, Fort Worth, TX) or 
Mydfrin 2.5% (Phenylephrine 2.5%, Alcon Labs), both of 
which stimulate Mueller muscle to help elevate the eyelid 
margin (18). The typical dose is one to two drops three 
times daily until the ptosis resolves. Injection of the crow’s 
feet can also result in diplopia by affecting the lateral rec- 
tus. For this reason, it is important to stay at least 1 cm 
outside the lateral orbital rim at all times. 

Treatment of the frontalis muscle for transverse forehead 
rhytids can result in brow ptosis, which is best avoided by 
staying at least 1 to 1.5 cm above the brow. Older patients, 
those with a low-set brow and those with very active 
brow depressors are at greatest risk. Should brow ptosis 
develop, patients can be reassured that the frontalis muscle 
will return to its baseline activity within 3 to 4 months. 
Alternatively, brow ptosis can be alleviated, if necessary, by 
secondary treatment of the brow depressors if this has not 
already been performed. 

Injection of the platysmal bands may also cause 
unwanted secondary effects. If the injection is too deep 
it can affect the larynx and hypopharynx, resulting in 
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dysphagia or hoarseness. If the injection is too far lateral 
weakness of the sternocleidomastoid muscle can occur. 
Staying superficial and avoiding excessive dosing are criti- 
cal. Dietary modification (soft foods, liquid diet) and 
metoclopramide hydrochloride may be necessary for 
severe dysphagia (18). 

Lip weakness or oral incompetence may result from 
perioral use of botulinum toxin. Prevention is most impor- 
tant and requires use of very low doses initially together 
with superficial placement. 

Resistance to botulinum toxin type A may result from 
the formation of neutralizing antibodies. This is gener- 
ally associated with repeated use of high doses (above 300 
units) and is relatively uncommon with the lower doses 
used for cosmetic applications (19). If antibodies to botu- 
linum toxin A develop, the use of botulinum toxin type B 
may be of benefit (8). 

Finally, patient dissatisfaction may result from over- 
treatment, undertreatment and unmet or unrealistic expec- 
tations. Proper patient selection, education and counseling 
together with consistent procedural skills will help limit 
the number of unhappy patients. 


SOFT TISSUE AUGMENTATION 


The use of injectable materials for soft tissue augmentation 
has a long history dating to Neuber (20) in 1893 when he 
harvested fat from the arm and injected it into a patient's 
facial defects. Since that time, many other materials have 
been developed in the search for a filler substance to cor- 
rect facial scarring from trauma and acne, static rhytids and 
malar and lip and melolabial crease augmentation. 

In the early part of the 1900s, paraffin injection became 
popular. This quickly fell out of favor however secondary 
to repeated granulomatous-type foreign body reactions 
resulting in paraffinomas. In the 1940 to 1950s, inject- 
able silicone was introduced. Long-term studies with this 
material however revealed a potential for granulomatous 
reactions and scarring and so FDA approval was ultimately 
withdrawn in the 1980s. In the 1970s, Stanford researchers 
experimented with animal- and human-derived collagen 
as implantable materials that eventually led to the intro- 
duction of bovine collagen (21). 

In recent years, research and development in this area 
has been intense due to the popularity of dermal fillers. 
Patient demand in this area is high because injectable fill- 
ers offer distinct advantages over surgical procedures. The 
benefits of injectables for soft tissue augmentation include 
that injections can be performed on an outpatient basis 
with minimal or no recovery time and they offer immedi- 
ate results with lower short-term costs than surgical proce- 
dures. Additionally, the ease of touch-ups when necessary 
and consistently improved safety and duration of effect are 
attractive to patients. Furthermore, certain defects are more 
easily corrected with contour filling rather than surgical 
intervention. 
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However, the ideal filler has yet to be found. The ideal 
filler would be easy to use, biocompatible and without risk 
of allergic reactions, immunogenic toxicity or carcinoge- 
nicity. It would be inexpensive and have an inexhaustible 
source. The ideal filler material would also be well toler- 
ated and accepted by the host so that long-term correction 
could be achieved without risk of complication. 

In general, most of the currently available materials are 
made to be injected into the dermis or subdermal. The 
dermis is the middle layer of the integument composed of 
viscoelastic tissue lying between the epidermis and the sub- 
cutaneous tissue. The predominant cell type in this layer is 
the fibroblast that secretes the cellular matrix of type I col- 
lagen and elastin. Collagen fibers provide tensile strength, 
while the elastin is responsible for elastic recoil (22). These 
fibers are embedded in a gel-like ground substance of gly- 
cosaminoglycans. The primary polysaccharide of this extra- 
cellular matrix is hyaluronic acid (HA), which provides a 
framework for collagen and elastin to bind and potently 
binds water maintaining skin turgor. With aging, the con- 
centration of HA in the skin diminishes with a resultant 
loss of volume, turgor and cellular hydration. 

There is no single means of classifying fillers. Currently 
used dermal fillers can be divided into categories based 
on the relationship to the donor (xenografts—donor and 
recipient are different species; autografts—donor and 
recipient are the same individual; homografts—donor 
and recipient are same species; and synthetic materials), 
their duration of effect (temporary vs. permanent) or their 
chemical makeup (collagens vs. hyaluronic acids vs. bio- 
synthetic polymers). Products available function either as 
volumizers that are relatively neutral and provide bulk (tem- 
porarily or permanent) but cause minimal foreign body 
reaction, or stimulators that stimulate tissues by causing a 
foreign body reaction which then results in new collagen 
formation. 

In general, the deeper the defect the more viscous 
the filler and the deeper the desired plane of injection. 
Superficial lines are typically addressed with fillers of 
smaller particles placed into the upper dermis, whereas fill- 
ers of larger particle size (thicker consistency) are injected 
into the deeper dermis or into the subdermal plane to 
treat deeper furrows and for larger volume augmentation. 
Layering techniques, using multiple products, are often 
used where both volume addition and the effacement of 
superficial fine lines are desired. 

The currently available fillers are approved for the cor- 
rection of moderate to severe wrinkles and folds and in 
some cases for the treatment of facial lipoatrophy. The 
other commonly reported clinical applications such as the 
correction of soft tissue depressions and volume augmen- 
tation (e.g., malar, prejowl sulcus, lips) are off-label uses of 
these products. 

The discussion of dermal fillers that follows is not 
intended to be exhaustive. There are constantly new prod- 
ucts in development that may ultimately prove to be more 
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effective than existing ones, and within little time of any 
review or publication newer products become available, 
and others are discontinued. As such, this portion of this 
chapter is intended to be an overview and should not be 
regarded as a definitive or comprehensive resource. 


Collagen Products 


Bovine collagen was the most widely used dermal filler 
from the time of FDA approval in 1981 until the last 
decade and has by far the longest track record. Up until the 
early 21st century, injectable collagen remained the gold 
standard to which other fillers were compared. As colla- 
gen is a major component of the skin’s structure, its use 
as an injectable filler was a logical extension. Owing to 
widespread development of second- and third-generation 
dermal and subdermal fillers that are hypoallergenic, safer 
and longer lasting, distribution of collagen products was 
halted by the manufacturer in 2010. A brief discussion of 
collagen is included here for its historical relevance. 

Three types of bovine collagen were commercially avail- 
able. Zyderm I, Zyderm II and Zyplast (Allergan Inc., Irvine, 
CA) are all derivatives of enzyme-digested bovine colla- 
gen—primarily type I—suspended in phosphate buffered 
saline and lidocaine. During the preparation, antigenicity 
is reduced by pepsin proteolysis (23). All three of these col- 
lagen fillers were made up of 95% type I bovine collagen 
and 5% type III bovine collagen. 

Zyderm I contains 35 mg/mL of collagen and was 
approved by the FDA in 1981. As the concentration of 
collagen in Zyderm I was quite low there was significant 
resorption of this product, and so Zyderm II containing 
65 mg/mL of collagen was introduced and approved by 
the FDA in 1983. It was felt that the higher concentration 
of collagen translated to longer duration of effect. Zyplast, 
on the other hand, contains 35 mg/mL of collagen cross- 
linked with glutaraldehyde in order to make the material 
less susceptible to enzymatic degradation and resorption, 
thereby delivering a longer lasting result. All of these prod- 
ucts lasted approximately 3 to 5 months—ultimately, a 
competitive disadvantage. 

Zyderm was recommended for superficial mild to mod- 
erate wrinkles such as the glabellar creases, periorbital 
crow’s feet and perioral rhytids. The product was injected 
into the upper dermis. Because of early resorption with this 
material a slight overcorrection was required. Conversely, 
Zyplast was injected into the deeper reticular dermis, and 
since it was more resistant to resorption overcorrection was 
not needed. 

The primary disadvantage of bovine collagen was the 
tisk of a hypersensitivity reaction manifesting as indu- 
ration, erythema, pruritus and tenderness at the injec- 
tion site. Skin testing for allergic sensitivity was therefore 
required prior to definitive use. About 3% to 4% of 
patients undergoing skin testing developed a hypersensi- 
tivity reaction (24,25). Although in the majority of allergic 
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patients a reaction to skin testing was apparent in the first 
week, about 20% to 30% demonstrated a delayed reaction 
for which it was necessary to examine the injection site 
4 to 6 weeks later. Many considered the need for a second 
negative skin test to be routine prior to beginning treat- 
ments, and even with a negative second skin test the likeli- 
hood of an allergic reaction was not entirely eliminated. 
In addition to a hypersensitivity reaction, bovine collagen 
injections can result in tissue necrosis (26), foreign body 
reactions (27) and infrequent systemic reactions such as 
headache, nausea and arthralgias. 

In 2003, the FDA approved release of a bioengineered 
form of human collagen fillers (Cosmoderm, Cosmoplast— 
Allergan, Inc, Irvine, CA). The primary advantage of these 
was a longer duration of effect than bovine collagen, and 
because these products were derived from bioengineered 
human fibroblasts no skin pretesting was required. Like 
the bovine collagen fillers however and for similar reason- 
ing, distribution of these has also been recently discon- 
tinued by the manufacturer. A technique for producing 
autologous collagen was introduced in the mid-1990s— 
Isolagen (Isolagen Technologies, Houston, TX)—as a way 
to inject patients with their own fibroblasts that were har- 
vested, cultured, grown in vitro and then processed for use. 
The expense, the time factor in production, the complexity 
involved in the process and the need for precise coordina- 
tion between manufacturer, doctor and patient proved to 
be impractical however, and for that reason the product is 
no longer available. 


Hyaluronic Acid Products 


Hyaluronic acid is the main polysaccharide in the extracel- 
lular matrix of the human dermis. Because it has the abil- 
ity to bind 1,000 times its volume in water, HA confers a 
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certain amount of turgor to the skin by affecting dermal 
volume and compressibility (28). HA is unique in that it is 
chemically the same in all species, and therefore its deriva- 
tives should not be antigenic across species. The injected 
product is enzymatically degraded locally and then metab- 
olized by the liver into carbon dioxide and water. 

HAs are the most widely used of all dermal fillers (29). 
Commercially available products vary with respect to the 
source from which they are derived, particle size, degree of 
cross-linking, viscosity and whether or not lidocaine has 
been added to the filler. The first HA gels introduced for 
cosmetic use were derived from rooster combs, whereas 
most HA products produced today are derived from a non- 
animal source. Smaller particles used more commonly for 
finer lines generally last 6 months or more, while larger 
particles last more in the range of 6 to 12 months. A higher 
percentage of cross-linking equates with increased resis- 
tance to enzymatic biodegradation and therefore a longer 
duration of effect. HA gels are injected into the mid- to 
deep dermis to effect a correction of moderate to severe 
facial wrinkles (Fig. 197.6A and B). 

There are two salient advantages to the use of HA gel 
fillers as compared to collagen. The first is that since HA is 
identical across species the manufacturers do not recom- 
mend or require skin testing prior to injection. Nonetheless, 
although the current product is highly purified, there are 
still minute amounts of associated proteins (30). As a 
result, rare cases of localized hypersensitivity reactions 
resulting in local erythema and induration resolving in 
4 to 20 weeks have been reported (31-33). Overall, the risk 
of an allergic reaction was less than 1%, and manufactur- 
ing processes have evolved to reduce the amount of pro- 
tein present resulting in fewer reactions. The other notable 
advantage of the HA products is that in the event of adverse 
reactions including improper placement (location or 


Figure 197.6 Before (A) and after (B) HA injections to melolabial creases. 
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volume), the gel can be enzymatically degraded with the 
use of injectable hyaluronidase giving these products the 
significant added benefit of being “reversible” (34). 

Currently available FDA-approved HA fillers in the 
United States include Restylane and Perlane products 
(Medicis, Scottsdale, AZ), Juvederm products (Allergan, 
Irvine, CA), Prevelle Silk (Mentor, Irving, TX) and Elevess 
(Anika Therapeutics, Bedford, MA). 


Calcium Hydroxylapatite 


Radiesse (Bioform Medical, San Mateo, CA) is a biosyn- 
thetic polymer composed of 30% calcium hydroxylapa- 
tite (CaHA) microspheres (25- to 45-micron diameter 
particles) suspended in a 70% carrier gel made up of car- 
boxymethylcellulose, water and glycerin. CaHA is naturally 
occurring component in human bone and teeth, and for 
that reason skin testing for allergy is not required. Radiesse 
is the only FDA-approved commercially available CaHA 
filler. 

The FDA-approved cosmetic indications for the use of 
CaHA are for the correction of moderate to deep facial 
wrinkles and folds such as the nasolabial folds (Fig. 197.7) 
and for the treatment of HIV-associated facial lipoatro- 
phy. Off-label facial cosmetic applications have included 


Figure 197.7 Before (above) and after (below) CaHA (Radiesse) 
injections to nasolabial creases and marionette lines. 
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volume augmentation in the malar area, cheek and prejowl 
sulcus, marionette lines and nasal dorsal irregularities. 
Deeper folds are augmented with injection into the imme- 
diate subdermal plane, whereas volume augmentation 
(prejowl, malar) is generally done with supraperiosteal 
deposition of the product. Edema, erythema and ecchy- 
mosis are not uncommonly seen with Radiesse injections, 
but these adverse effects are temporary. Lidocaine can be 
safely added to the Radiesse syringes without having any 
deleterious effect on the qualities of the original filler 
material (35). 

When injected, initial volume augmentation results 
from the displacement of surrounding soft tissue by the 
carrier gel and CaHA microspheres. Ultimately, the carrier 
gel undergoes phagocytosis while a process of stimulated 
neocollagenesis takes place around the CaHA microspheres 
which serve as a framework or scaffold for the ingrowth 
of new tissue (36). The duration of effect is typically 
12 months or more. The combination of host neocollagen- 
esis and the slow degradation of the CaHA microspheres 
are thought to account for the more prolonged duration of 
effect. CaHA is apparent within the soft tissue on CT imag- 
ing, but does not generally interfere with interpretation of 
the images (37). 


Poly-.-Lactic Acid 


Poly-t-lactic acid (PLLA) is a biodegradable synthetic bio- 
polymer already in use in suture materials and absorbable 
fixation plates and screws. The commercially available 
injectable product, Sculptra Aesthetic (Sanofi Aventis, 
Bridgewater, NJ), is supplied in a vial as a powdered form 
of PLLA microspheres in a carboxymethylcellulose gel that 
must be reconstituted with sterile water 2 to 72 hours prior 
to injection. Skin testing is not necessary. 

The product is injected into the subcutaneous plane. 
The volume that is immediately apparent upon treatment 
dissipates over the first few days as the water used to recon- 
stitute the powdered PLLA is resorbed. For this reason, the 
patient must be counseled accordingly so as not to be ini- 
tially disappointed. Over time, the PLLA microspheres act 
by stimulating an inflammatory fibrous tissue response in 
the host that activates collagen neogenesis and deposition 
around the degrading PLLA particles (38). Several sessions 
spaced 3 to 4 weeks apart are typically required for com- 
plete volume restoration. 

As the volume augmentation that occurs results from 
stimulation of the host to produce new collagen, the effect 
takes time and the patient should be made to understand 
that it is not immediate. Strictly speaking, PLLA is not a 
true filler but rather a collagen growth stimulator. 

Sculptra was FDA approved in 2004 for the treatment of 
facial lipoatrophy in HIV patients, and Sculptra Aesthetic 
(essentially the same product) was FDA approved in 2009 
for the correction of shallow to deep nasolabial fold con- 
tour deficiencies (Fig. 197.8). It has been used off-label as 
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Figure 197.8 Before (left) and after (right) PLLA 
(Sculptra) injections to temples, malar eminence and 
cheeks for the treatment of facial lipoatrophy. 


for effective malar, cheek or temple volume augmentation. 
It is not recommended for use in the periorbital area or 
lips. The effect may last up to 2 years. 

Adverse effects of particular concern with PLLA are the 
possibility of developing subcutaneous nodules or papules 
that can develop months after treatment. One can help 
diminish this risk by insuring an adequate volume of dilu- 
tion (5 mL or more), preparation of the product at least 
several hours prior to its use for more complete hydration 
of the PLLA powder and having the patient massage the 
treatment area frequently for the first 5 days after each 
session. 


Polymethyl Methacrylate 


Injectable polymethyl methacrylate (PMMA), commer- 
cially available as Artefill (Suneva Medical, San Diego, 
CA), is a nonabsorbable permanent filler made up of a 
suspension of 20% PMMA and 80% bovine collagen. As 
the collagen carrier is absorbed over 2 to 3 months, the 
PMMA microspheres stimulate a foreign body reaction 
and collagen formation. The PMMA acts as a matrix or 
scaffold for the deposition of the tissue ingrowth, becom- 
ing encapsulated by fibrous tissue ensuring a constant 
augmentation (39). 

Skin testing is required because of the presence of the 
bovine collagen antigens. Artefill was FDA approved in 
2006 for the correction of nasolabial folds but has been 
used off-label for glabellar frown lines, marionette lines 
and radial lip lines. The material is injected at the junction 
of the dermal-subdermal junction. 

With earlier preparations (used outside the United 
States), multiple foreign body granulomatous reactions 
were reported resulting in poor results and increased 
morbidity and scarring (40). Refinements to the product 
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were made to lessen that risk and achieve the current FDA- 
approved preparation. Although the collagen vehicle is 
resorbed, the PMMA microspheres are non-resorbable and 
persist in tissue permanently. 


Silicone 


Injectable silicone is a permanent, non-resorbable filler com- 
posed of long chains of polymerized dimethylsiloxane oil. 
The technique of microdroplet injection was popularized by 
Webster et al. (41) and Orentreich and Orentreich (42). With 
this technique, very minute amounts (0.01 mL per injection 
site) of medical grade liquid silicone are injected into the 
subdermal plane at 2- to 4-mm intervals. Care is taken not 
to overcorrect the treatment area as the microdroplets stimu- 
late fibroplasia, and the body thus forms a fibrous collagen 
capsule around the silicone microdroplets over the ensuing 
weeks, thereby augmenting the original volume of the liquid 
silicone microdroplet. Undercorrection is therefore the ini- 
tial goal, with repeat sessions staged a month or more apart 
until the desired result is achieved. 

Prior to the introduction of injectable collagen, liquid 
silicone was the filler of choice, although problems arose 
from products of differing purity, variations in technique 
and the lack of any standardized FDA-approved product. 
Webster et al. (41) reported a long-term follow-up with a 
series of 524 patients with good results and few complica- 
tions, but others have reported a long list of local and sys- 
temic complications some of which may appear even years 
after injection. These reactions range from chronic inflam- 
mation, silicone granulomas, beading, migration, extrusion 
ulceration and skin necrosis to granulomatous hepatitis, 
pulmonary embolism and silicone pneumonitis (43-45). 

In 1991, the FDA declared the use of injectable silicone 
illegal. However, with the recent FDA approval of injectable 
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silicone as an intraocular implant in ophthalmology for 
retinal detachments the off-label use for soft tissue aug- 
mentation has been revived. Off-label uses of injectable 
silicone remain controversial however because of the his- 
tory of complications with injected silicone, and one must 
carefully consider the risks versus the benefits (46). 


Autologous Fat 


Autologous fat has the longest history of use since Neuber 
(20) first injected it in 1893. The interest in autologous 
fat transplantation has vacillated over the years due to 
the variability in results. Some investigators report that 
between 30% and 60% of the injected fat will be resorbed 
(47). However, since the advent of liposuction in the 
1970s, interest in fat transplantation has increased. Over 
the last 15 years, techniques and instrumentation for the 
harvesting, preparation and injection of autologous fat 
have evolved to improve fat survival and diminish resorp- 
tion thereby increasing the predictability of the procedure. 
Some authors such as Coleman (48) recommend injec- 
tion of small amounts of fat in subcutaneous tunnels to 
maximize the amount of blood flow to the transplanted 
fat, thus increasing its viability and the chance of survival. 
Harvest of fat has to be gently performed with minimal 
syringe pressure using large-bore cannulas to minimize 
trauma to the harvested fat cells. 

To date, there is no universally accepted method for the 
harvesting, processing and reinjection of autologous fat, 
and often results are not reproducible. The advantage of 
fat transplantation is the large amounts available in the 
human body, and because it is autologous and natural it 
negates the concern for allergic reactions and biocompat- 
ibility. On the other hand, fat transfer is a surgical proce- 
dure, has a more significant recovery period as compared 
to other injectable fillers and requires a donor site with its 
own set of potential complications. In addition, fat grafting 
has the disadvantage of having an unpredictable resorp- 
tion rate, and touch-ups can be more involved than with 
off-the-shelf fillers. Over recent years, the surge in interest 
in commercially supplied dermal fillers has coincided with 
some decline in the number of fat injection procedures. 


Complications of Injectable Fillers 


While it is impossible to eliminate complications entirely, 
most experts will agree that serious complications are rare 
if the practitioner is committed to accurate facial analysis, 
proper patient selection and product choice, appropriate 
training for each filler used and diligent application of 
technique. Treatment must be individualized and tailored 
to the needs of the patient, and the limits of what can be 
accomplished safely must be respected. 

While increased product longevity would seem to be 
a desirable characteristic, one should carefully weigh the 
tisk/benefit of biodegradable, resorbable fillers versus 
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permanent fillers. The fact that visible complications such 
as bumps, ridges or nodularity will ultimately resolve 
when a temporary filler has been used may provide some 
reassurance and comfort to a patient. This comfort level is 
not available to the patient who has been injected with a 
permanent filler. At the very least, one should avoid the use 
of permanent fillers in a given patient until that patient has 
already used something absorbable with good results. 

Complications can be broadly classified into immedi- 
ate, early, late and permanent. Immediate complications 
include anaphylaxis, hypersensitivity and pain. Early com- 
plications include bruising, edema, overcorrection, infec- 
tion and vascular compromise. Later complications can 
include HSV activation, visible irregularities, lumps, granu- 
loma formation and product migration. Permanent com- 
plications include scarring (49). 

Edema, bruising and injection site pain are not uncom- 
mon sequelae and are not truly complications but rather 
known side effects. Ice packs or cold compresses applied 
to the treatment area as well as effort directed to avoiding 
inadvertent puncture of superficial vessels may be helpful 
in minimizing these. 

Allergic or hypersensitivity reactions can theoretically 
develop with any filler, but are more likely to be an issue 
with those containing a bovine collagen additive (collagen, 
Artefill). For these fillers, skin testing is required prior to 
definitive treatment. 

With all fillers, injection technique and proper depth 
of injection are paramount to success. Superficial injection 
can result in visible nodularity or lumps. Early-appearing 
nodules may respond to massage, and in some cases the 
overlying skin can be nicked and the product extruded 
(if apparent very early). More delayed appearance or visible 
nodules may improve by treating the area with small doses 
of locally injected steroids. HA fillers, if placed too superfi- 
cially, can result in a bluish discoloration of the skin over 
the area of injection which is known as a “Tyndall effect.” 
This may be treated with extrusion as noted earlier, or if 
that fails, the untoward effect HA fillers can be “reversed” 
with the use of injected hyaluronidase. Naturally, visible 
irregularities are a much bigger issue if one has used a per- 
manent filler. With permanent fillers, persistent nodules 
may require surgical removal. 

Soft tissue necrosis can occur with vascular compro- 
mise resulting from either direct intra-arterial injection or 
venous obstruction from compression exerted by the filler 
material. The areas at highest risk are the glabella and the 
nasal ala in the region of the alar—facial sulcus (medial 
end of the nasolabial crease). Signs of vascular compro- 
mise include blanching of the skin, disproportionate 
injection pain and discoloration of the surrounding tis- 
sue. Management should include immediate cessation of 
the injection, vigorous massage of the treatment area in an 
effort to disperse the filler, application of warm compresses 
and topical nitroglycerine paste for vasodilation and local 
injection of hyaluronidase (if an HA filler was used). 
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Conclusion 


Although no ideal filler is yet available, very active research 
and development continues in this area of facial plastic 
surgery. There are many choices offered on the market 
that can fulfill patient’s needs. It is incumbent upon every 
practitioner who uses fillers to stay informed on the cur- 
rent materials in order to better inform patients and to 
make the best possible choices. Often two or more fillers 
used in combination offer the best results. Likewise, it is 
not uncommon to combine botulinum toxin in the upper 
third of the face and fillers in the melolabial folds, mari- 
onette lines and perioral region to obtain a refreshed and 
rejuvenated appearance. 

With any permanent synthetic filler, concerns will exist 
about potential long-term effects or delayed complica- 
tions. Although permanent complications are uncommon, 
the wide array of biodegradable, absorbable fillers with 
favorable safety profiles and relatively predictable results is 
without doubt a safer alternative, particularly for the inex- 
perienced injector. 

As has been stressed throughout this chapter, success- 
ful use of both the neurotoxins and injectable fillers begins 
with familiarity with the strengths and limitations of each 
product, comfort with the nuances of injection techniques, 
accurate facial analysis, careful patient selection and realis- 
tic management of patient expectations. Properly applied, 
these minimally invasive nonsurgical techniques can be 
a valuable and powerful addition to the armamentarium 
available for the management of facial aging. 


= Botulinum toxin is used in the treatment of dynamic 
facial rhytids to prevent them from either develop- 
ing or deepening. 

= Botulinum toxin works by temporarily inhibiting 
presynaptic release of acetylcholine at the motor 
end plate. Its use is contraindicated in those with 
neuromuscular disease and albumin allergy. 

m= Familiarity with regional facial anatomy, proper 
technique, and the use of high concentration-low 
volume dilutions will minimize the risk of adverse 
outcome with botulinum toxin. 

m Injectable fillers are used for soft tissue augmen- 
tation to add contour and volume. They are com- 
monly used for camouflage of established facial 
rhytids and scars and for lip augmentation. 

m A great variety of injectable dermal fillers are avail- 
able. Proper selection will depend on region, patient 
preference and hypersensitivities. 
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Contemporary Issues 
in Medical Practice 


Shawn D. Newlands Karen T. Pitman 


Patient Safety 


“Primum, non nocere” Attributed to Hippocrates (1). 

Since the days of Hippocrates, it has generally been 
assumed that attempts to heal are unpredictable, and 
those attempts occasionally result in unintentional harm. 
Injury, and even death, were inevitable for a few unfortu- 
nate patients. Health care providers, patients, and the pub- 
lic judged that the natural history of the disease process 
itself justified these occasional undesired outcomes. When 
facing imminent surgical or other interventions, patients 
could only hope that they were protected by their choice 
of the best doctors and hospitals. Moreover, the statisti- 
cal odds of themselves or their family members becom- 
ing a victim of an iatrogenic injury were small enough 
to offer some level of comfort. In essence, they relied on 
hope—hoping it was not “their turn” for something to “go 
wrong.” Physicians likewise were well aware that medical 
care was imperfect, that diagnoses were sometimes flawed, 
and that treatment attempts were often poorly conceived, 
planned, and executed. The occasional medical mistakes 
were inevitable. Preservation of their own confidence and 
decision-making ability often relied on the assumption 
that mistakes were made by other, less able practitioners 
working in other hospitals and that they were protected by 
their superior knowledge and skills and superior institu- 
tion. Many poor outcomes could, (and often were) with 
minimal effort, be attributed to the patient or their disease 
process itself. 

Of course, not all adverse events that impact patients are 
due to mistakes. Patients can be harmed by “Acts of God,” 
unforeseen circumstances such as weather or other anoma- 
lies that destroy hospitals and infrastructure (tornados, 
earthquakes, tsunamis, or hurricanes to list just a few from 
recent years), killing or injuring inpatients along with oth- 
ers in the affected community. Many adverse events, such 
as infections or falls, long assumed to fall into this “Acts 
of God” category, are now being shown to be preventable. 
The growing assumption is that failing to prevent potentially 
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preventable harmful occurrences represents failure and can 
be interpreted as a mistake. The list of these events contin- 
ues to increase as investigators demonstrate that interven- 
tions can impact the incidence of or harm caused by these 
occurrences. In recent years, new payment policies in the 
United States that withhold reimbursement for the treat- 
ment of such events add credence to the fact that errors of 
omission are also mistakes. 

Mistakes judged as preventable were interpreted by 
both society and the medical establishment as indicative 
of the failings of individual providers who by definition 
must have been flawed in some way. The assumption that 
“someone caused this and they have to pay” fed a burgeon- 
ing tort claim system whereby the injured patient could 
seek restitution. The inevitability of human error occurring 
in the context of ever-increasing complexity and uncer- 
tainty led to the flourishing of the medicolegal industry, 
which grew dramatically in the last half of the 20th cen- 
tury. Accompanying the growth of this industry was whole- 
sale proliferation of armament for the plaintiffs and their 
legal representation, driven by enormous increases in tort 
claim awards. Defensive measures were introduced, such 
as a malpractice insurance industry, often supported by 
legal mandate, and risk management strategies that sought 
to protect the health care industry, at the cost of consider- 
able expenditures of resources. As of 2011, efforts to retard 
the growth of the medical malpractice industry by limit- 
ing the amount of financial rewards have been only mini- 
mally effective, suggesting that alternative strategies will be 
required. Shifting the current medical malpractice para- 
digm to one that improves care, like so many other needed 
cultural changes, has, by default, been relegated to future 
generations. The reader is referred to Chapter 199, Medical 
Legal Issue, of this book for a more in-depth discussion of 
medicolegal implications for otolaryngologic practice. 

Contributing to this ongoing impasse is the culture 
of “name, shame, and blame,” an inbred tradition in 
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which most physicians practicing today were trained. The 
assumption that most mistakes are due to flaws in indi- 
vidual physician performance conveys multiple costs to 
both the physician and his or her family and colleagues, as 
well as the organization in which he or she practices. This 
focus on the individual mandates the identification of the 
person responsible for the outcome, formal evaluation of 
his or her performance, and then restriction of his or her 
practice or enrolling the person in an educational program 
so that the error does not recur. At times the criminal jus- 
tice system has been activated, with the result that health 
care workers who make mistakes are arrested with criminal 
charges, and even incarceration. Unfortunately, not only 
does this approach usually fail to identify and rectify the 
underlying problem, it impairs the objective analysis of 
human error and assures that the failure will occur again. 
Examples of misdirected peer review programs are preva- 
lent in 2011 and challenge forward-thinking leaders who 
are attempting to prevent or mitigate future mistakes. With 
the exception of a few leaders in patient safety, this para- 
digm has persisted through the first decade of the current 
century. 

Although these sentiments remain prevalent through- 
out health care, other industries have long recognized 
that focusing on individual practitioners is a failed strat- 
egy. These industries recognized that human performance 
is imperfect and highly context dependent, a recognition 
that drove the adaptation of their corporate structure to 
this “new” reality. Industries that modified their corporate 
culture and production systems to adapt to the abilities of 
their employees, rather than focusing solely on the per- 
formance of those employees, excelled in the marketplace 
due to reduced production costs. Gurus such as Shewforth 
(2) and Demming (3), initially eschewed by US indus- 
tries, were embraced by the postwar Japanese, with dra- 
matic results. The effect of this paradigm shift in Japanese 
industry became evident over the past quarter of a century 
as automobiles from Japan began to make major inroads 
into the US automaker’s monopoly on the roads and high- 
ways of the United States. Medicine was late in accepting 
the premise that context mattered. The recognition that the 
environment and systems within which human practitio- 
ners provided care is a critical factor in outcomes and that 
it is possible to alter that context through informed system 
design is only slowly dawning on the industry. As of 2011, 
medicine was still struggling with the concept that imper- 
fections in complex systems lead to the majority of pre- 
ventable adverse events, with the focus on error prevention 
still largely focused on individuals (4,5). Dekker pointed 
out that this paradigm makes sense to leaders since there 
are institutional benefits to be had by focusing blame 
on individuals. Doing so relieves the organization from 
embarking on often difficult and costly change. “The judg- 
ment that this was human error simply produced too many orga- 
nizational benefits” (6). Unfortunately, this strategy simply 
leads to repeated errors, a lesson learned long ago by other 
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industries. Studying the aviation industry provides insight 
into the ongoing efforts of the patient safety movement as 
it attempts to change the entrenched culture of the health 
care industry (7). 


HISTORY OF THE AVIATION SAFETY 
MOVEMENT 


Aviation is generally considered the first industry to posi- 
tion safety as its top priority, a logical choice for the indus- 
try since aircraft crashes dramatically impact productivity 
through loss of not only the aircraft but also often the 
pilot as well! Following the Second World War (WWII), 
the United States Air Force (USAF) discovered to their 
dismay that no amount of pilot training would suffice to 
prevent crashes if the aircraft could not be safely flown by 
a human. The advent of jet aviation was met with a rash 
of accidents due to the increasing mismatch between 
the capabilities of high-performance aircraft and high- 
performance pilots. The USAF was instrumental in the 
development and maturing of the science of human factors 
in order to assess human capabilities during flight and to 
use this knowledge to inform aircraft design to accom- 
modate to these capabilities. Formal investigation into 
the limits of human performance drove the development 
of the science of human factors, a discipline that informs 
system design to assure that the airplane can be flown by 
a real human. If the pilot becomes unconscious during a 
high-G maneuver, it does not matter how well the plane 
is designed; it will crash and be destroyed along with the 
pilot. Initial human factors research was directed toward 
human physiologic capability, such as performance charac- 
teristics under high G-forces, or alteration in pressurization 
and oxygen availability. It became apparent that cognitive 
resources were also challenged by high-performance flight, 
and that too little information, too much information, or 
information provided in a confusing manner would lead 
to accidents just as well as if the pilot had blacked out. This 
recognition drove the development of new cockpit infor- 
mation systems, and aviation became the “poster child” 
for “human-centered design” with reliability and safety as 
primary goals. 

Despite dramatic improvements in aircraft design in 
the years following WWII, a number of high-visibility air- 
craft crashes in the 1970s pointed out vividly that even the 
presence of a highly skilled pilot in the optimally designed 
cockpit of a technically advanced aircraft could not always 
avert disaster. The loss of United 193 and Eastern 401 
and the improbable crash of two loaded 747s on a fog- 
shrouded runway in Tenerife in March 1977 (8) were a 
wake-up call for the industry. Aviation came to the under- 
standing not only that theirs was an imperfect system 
but that the industry must shoulder the responsibility of 
improving the system. Inherent in this understanding was 
the recognition that the established paradigms were unten- 
able and that change was necessary—and the optimism 


that such change was possible. As a result, multiple 
innovations were introduced in the 1970s and 1980s, which 
led to dramatic reductions in the aviation accidents. These 
include no-fault near-miss reporting, standardized simula- 
tor rehearsal, crew resource management (CRM) training 
(9), and rapid and widespread dissemination of informa- 
tion regarding safety threats (http://www.asrs.arc.nasa.gov. 
Accessed May, 2011). The most critical change, however, 
was the fact the industry embraced a “culture of safety” in 
which all employees are empowered—and expected—to 
respond immediately and report safety threats (7). Many 
of these cultural changes are being introduced into health 
care, but as of 2011, these are best described as “in process.” 
Despite widespread encouragement (10), and although 
many organizations actively promote the concept of a 
“safety culture” and survey their employees to assure they 
are achieving their goals, medicine is still far behind avia- 
tion in this regard. 


TO ERR IS HUMAN 


Medicine was rudely awakened to the extent of the prob- 
lem of medical error by the publication of the Institute 
of Medicine report “To Err is Human” published in 1999 
(11). This report estimated that somewhere between 
44,000 and 98,000 Americans died each year in hospitals 
as a direct result of medical error. Based on the Harvard 
Medical Practice study (12) published nearly a decade 
previously, the figures in the report were initially strongly 
disputed. It seemed impossible that the same number of 
deaths occurred each day due to medical errors as would 
be caused by two 747 crashes each day. It has since become 
apparent that even the 98,000 figure is a gross underesti- 
mate of the true magnitude of the number of deaths due 
to medical error. The numbers are staggering, with the cur- 
rent best estimate is that 1 in 20 Americans will die due to 
a medical error. Medical mistakes account for the eighth 
most common cause of death in the United States, more 
than deaths due to HIV and breast cancer combined! The 
economic costs are staggering, with a recent estimate that 
the total societal cost of health care-related adverse events 
in the United States is now approaching a trillion dollars 
annually (13)! 

Our knowledge of the fundamental science behind 
medical error is based on the work of psychologists such 
as James Reason (14) who undertook to determine why 
humans make mistakes. The research into this area is 
immense and has recently been recognized by the health 
care industry as pertinent to an understanding of medical 
error. Reason classically separates human error into two 
major types, that of a mistake, which is choosing the wrong 
plan to achieve a specific goal, or a slip, which would be 
defined as failing to execute the plan that one has chosen. 
Ordering an antibiotic to which the responsible organ- 
ism is not susceptible might be a mistake, and picking the 
wrong vial out of the medication drawer might be a slip. 
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Human error is inevitable as illustrated by the title of the 
1999 IOM report “To Err Is Human.” Human error is a 
by-product of human attributes, which enable humans to 
interact with a complex, perceptively rich world. Human 
error stems from the same cognitive functions that enable 
the filtering of sensory input, focusing attention on spe- 
cific goals, pattern recognition, and sequencing of events. 
Reason quotes Ernest Mach who eloquently stated “accom- 
plishment and error stem from the same source, only the 
outcome differentiates the two” nearly a century earlier. 
Other disciplines, particularly those focusing on study- 
ing human factors, have adapted these principles through 
“cognitive engineering” to design strategies whereby the 
human-technology interface can be improved to reduce 
the propensity for human error (15). 


“PREVENTION” OF HUMAN ERROR 


Those who have assimilated the prior paragraphs will 
quickly recognize that the title of this section is inaccurate. 
Human error, by its nature, is not preventable. Helmreich 
(9) pointed out that the goal of error prevention is actu- 
ally the prevention of injury. He proposed the term “error 
troika” as a fundamental concept useful in designing sys- 
tems with the goal of injury (or crash) prevention. Errors 
will happen, but it is possible to design systems to (a) 
reduce the likelihood of error, (b) “trap” the error before 
it can progress, or (c) mitigate or prevent the effect of the 
error once it has occurred. Medication administration 
strategies often seek to employ all three components of 
the “troika,” with variable success. In a similar vein, the 
famous “Swiss Cheese” illustration of Reason (14) points 
out that well-designed systems have multiple layers of 
protection, or barriers, placed between the error and the 
“target.” These barriers vary in permeability, however, and 
typically have “holes” that reduce or negate their effective- 
ness. Whenever the “holes” line up, the effects of the error 
are experienced by the “target.” Keeping this illustration in 
mind as the reader peruses the examples of safety innova- 
tions in this chapter will assist in developing new strategies 
to protect patients from the unintended actions of well- 
meaning health care workers. 


HISTORY OF THE PATIENT SAFETY 
MOVEMENT 


The seminal article by Lucian Leape published in 1994 (16) 
was the first to clearly identify medical error as a cause of 
adverse outcomes in health care. Dr. Leape made a number 
of pertinent observations, critically by noting that although 
human error was inevitable, it did not occur randomly. In 
his paper, he drew heavily on the work of Reason and oth- 
ers, and nearly two decades later, his observations remain 
critical to our understanding. The concept that error was not 
random was a particularly crucial observation since it sug- 
gests that types and sites of error are predictable. Experience 
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in other industries (notably aviation) had demonstrated 
that prevention of accidents or their sequela was feasi- 
ble by first investigating accidents that had occurred and 
using the knowledge gained to inform system redesign. At 
the time of Leape’s report, the Aviation Safety Reporting 
System (ASRS) (http://www.asrs.arc.nasa.gov) had already 
been in place for 18 years and had already effected major 
changes in aviation. Leape pointed out that it was only by 
studying adverse events in an attempt to identify patterns 
and discern the causes could future events be prevented or 
mitigated. Furthermore, Leape emphasized the importance 
of reporting by frontline staff. Thirty years prior to the pub- 
lication of “Error in Medicine,” Shimmel, chief resident at 
one of the Yale-New Haven Hospitals, introduced the con- 
cept of systematically reporting all adverse events occurring 
on his inpatient service in an effort to identify and catego- 
rize the underlying causes with the ultimate goal of preven- 
tion (17). 

Anesthesia was the first medical specialty to seek to sys- 
tematically study medical error. In the late 1970s, faced 
with mounting public awareness of the risks of anesthesia, 
the American Society of Anesthesiologists sought to study 
the problem. The Anesthesia Patient Safety Foundation 
(APSF) was founded in 1985 and chartered to study anes- 
thesia mishaps and propose interventions, http://www. 
asahq.org/For-Healthcare-Professionals/Patient-Quality- 
and-Safety.aspx. The APSF introduced what was at the time 
a revolutionary approach, the study of “closed claims” in 
which injured patients or their families had been compen- 
sated for an anesthetic adverse event. The story of how a 
single malpractice insurance company was induced to 
release this proprietary information (which could have 
been damaging to its profitability) is one of the intriguing 
success stories of patient safety and illustrates vividly the 
effect one or two individuals can make! 

The APSF closed claim study (18) revealed that fully 
one-third of the events that had resulted in a payment to 
the plaintiff (closed claim) were due to a respiratory cause. 
This finding prompted the emphasis on the development 
of new technology (pulse oximetry and capnography) as 
well as difficult airway algorithms. Astonishingly, within a 
period of less than 6 years following the report of the APSF 
and dissemination of its findings, a substantial reduction 
in the incidence of perioperative respiratory events was 
reported (19). The success story of the APSF should be 
viewed as justification to dedicating sufficient resources 
to identify and study adverse outcomes as the first step in 
reducing the risk of medical mistakes or the effects of those 
mistakes. 

The National Patient Safety Foundation was established 
in the 1990s, as a result of a major conference convened in 
1996 to address the issues of patient safety (http://www. 
npsf.org. Accessed May, 2011). This conference brought 
together members of both the medical community and the 
human factors communities and was perhaps the first time 
that the mismatch between the complexity of health care 
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and human capabilities was identified as the fundamental 
cause of medical error. 

Largely unheralded outside of the specialty, it was not 
until the IOM report in 1999 that the previously unrec- 
ognized epidemic of death and injury occurring during 
medical care reached a level of awareness sufficient to 
promote action. The IOM report galvanized the nation 
and prompted the institution of a wide range of inves- 
tigation and interventions. To quote Robert Wachter (5), 
“in short, everywhere one looked, one found evidence of 
major problems with patient safety.” The IOM followed 
with additional reports, new organizations and govern- 
ment agencies (Agency for Healthcare Research and 
Quality [AHRQ]) were established, and hospitals estab- 
lished patient safety offices to address the issues at the 
facility level. The Veterans Health Administration (VHA) 
established the National Center for Patient Safety (NCPS) 
at Ann Arbor, appointing James Bagian, prior astronaut- 
physician, as its first director. The NCPS was the first 
system-wide effort to capture and study adverse events 
and institutionalized patient safety efforts within the 
VHA nationwide (http://www.patientsafety.gov. Accessed 
May, 2011). The state of Pennsylvania established a state 
level safety agency in 2002 (20) and Congress passed 
the Patient Safety and Quality Improvement Act in 
2005 (available at http://www.govtrack.us/congress/bill. 
xpd?bill=s109-544. Accessed July, 2011). 

Others, such as Peter Pronovost from Johns Hopkins, 
were unwilling to accept “business as usual” and initiated 
interventions based on the “basic science” of studying 
adverse events and near misses. Within a decade, chal- 
lenges that had been previously assumed to be inevitable 
and unmanageable, such as hospital-acquired infections 
such as methicillin-resistant Staphylococcus aureus (21) and 
central line infections (22), were successfully tackled by 
patient safety investigators. These innovators studied the 
problems, formulated hypotheses, instituted new practices, 
and, in these examples, demonstrated remarkable success. 
It is instructive to note that investigations in patient safety 
do not follow the classic randomized clinical trial para- 
digm (RCT) since to do so may be unethical. Rather, most 
patient safety innovations follow the “Plan, Do, Study, Act” 
paradigm through which innovations are “tested” in actual 
practice and then studied prior to widespread dissemina- 
tion and implementation. 

The Joint Commission (previously known as the 
Joint Commission on the Accreditation of Healthcare 
Organizations) adapted new patient safety goals (JCPSGs) 
that are updated on a yearly basis and served as criteria for 
assessing hospital performance in patient safety. Essentially 
all hospitals in the United States utilize the JCPSGs as a 
roadmap for improving patient safety in their institutions 
(http://www.jointcommission.org/assets/1/6/2011_NPSG_ 
Hospital_3_17_1l1.pdf. Accessed May, 2011). Reviewing 
these goals is an effective strategy to identify what the orga- 
nizational targets in patient safety are at any specific time. 


Despite these and many other innovations, as of 2011, 
the epidemic of errors continues to extract an unaccept- 
able toll, both human and financial. In a classic editorial 
in Health Affairs, “The IOM report: 10 years later” Carolyn 
Clancy, Director of AHRQ, pointed out that painfully little 
had occurred, primarily due to an inability to change an 
intransient culture (23). The rest of this chapter reviews a 
number of concepts and interventions to guide the otolar- 
yngologist who is beginning his or her “safety journey.” 
The reader will hopefully identify some achievable targets 
that can be utilized by otolaryngologists, health care teams, 
and enterprise organizations to reduce the risk of harm to 
the patients entrusted their care. 


SAFETY AND QUALITY 


Confusion often exists in defining a perceived boundary 
between the definitions of quality and safety. In reality, 
the boundary is indistinct, although safety can be consid- 
ered as a prerequisite for quality (5). High-quality care is 
assumed to be effective care, typically defined by favor- 
able clinical outcomes coupled with cost-effectiveness, 
usually compliant with established guidelines when such 
guidelines exist. However, to be high quality, care must, 
by definition, first be safe! Poor quality or ineffective care 
might be safe, but if the care fails to halt disease progres- 
sion, one can argue that it is by nature unsafe. A leader in 
patient safety is reported to have quipped that “50 years ago 
healthcare was safe, cheap, ... and ineffective, whereas now it 
is effective, expensive, ... and dangerous,” implying that the 
complexity required to increase effectiveness of interven- 
tion paradoxically increases the risk for injury. Most would 
assert that the risk is worthwhile. For example, undertreat- 
ment of a malignancy to reduce the risk of complications 
to zero is not desirable since the patient may lose years of 
valuable life. Regardless of the definition of quality, there 
are some inherent differences in the strategies employed; 
quality has the goal of effecting an optimal outcome for 
the patient, whereas safety seeks to prevent causing harm 
while doing so. 


MEDICAL ERROR AND SYSTEMS 
SCIENCE 


Understanding the causes of medical error requires an in- 
depth examination of systems. Systems consist of people, 
technology, policies, coordination, and other strategies 
intended to result in a desired outcome. An aircraft flight 
occurs due to a closely linked system of the aircraft itself as 
well as its crew, but also the maintenance and ground per- 
sonnel and equipment, scheduling, routing, weather, and a 
plethora of interrelated functions. Systems science has been 
highly defined in other industries, but only recently has 
received attention in health care, which by its nature consists 
of multiple overlapping highly complex systems. Roberson 
and coauthors emphasized the importance of critically 
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W533) CHARACTERISTICS OF EFFECTIVE 
«3:2 i) COMPLEX SYSTEMS 


Common goal for all system components 
Goal-driven system design 

Unpredictability expected 

Expect and accommodate human error 
Feedback loops with short cycle times 
Standardization is baseline 

Reliant on teams rather than single individuals 


From Roberson DW, Kentala E, Healy GB. Quality and safety in a 
complex world: why systems science matters to otolaryngologists. 
Laryngoscope 2004;114:1810-1814. 


examining whole systems when analyzing processes of 
care and how these processes affect patient outcomes (24). 
“Systems-based practice” represents one of the six core 
competencies as defined by the Accreditation Council for 
Graduate Medical Education and the concepts are familiar 
to all otolaryngologists who have trained in the past decade. 
Some of the basic principles of systems are well defined and 
include the principles enumerated in Table 198.1. 


ACCOUNTABILITY AND “JUST CULTURE” 


The emphasis on system design as the underlying threat 
to patient safety shifts the attention from individual per- 
formance to system performance. Although this shift 
is more likely to lead to prevention of adverse events, it 
has been construed by some to mean that the individual 
shares less responsibility. This conflict has been addressed 
at a high level within the aviation industry through the 
adoption of “just culture” (25). A just culture recognizes 
that expert practitioners (i.e, pilots or physicians) typi- 
cally must accommodate multiple goals, such as keeping 
on a flight schedule and avoiding stormy weather condi- 
tions. In order to perform at high levels, these practitioners 
must possess some degree of flexibility in order to satis- 
factorily resolve conflicts and achieve desired outcomes 
(26). However, within each profession, there exist bound- 
aries within which accomplished practitioners remain. 
These are often well recognized within the profession, even 
if not discretely defined by policy or written procedures. 
Performing outside of these boundaries is not an inadver- 
tent human error but is an intentional act and considered 
“reckless behavior.” In a seminal report published in 2001, 
David Marx has emphasized that these boundaries must, 
by nature of their significance, be defined by the profession 
itself (27). In aviation, an example would be completion 
of the preflight checklist; examples in surgery include the 
universal preprocedure pause for “time out” or comple- 
tion of a postoperative sponge count prior to wound clo- 
sure. Just as pilots would never consider initiating a flight 
without completion of the checklist, surgeons would never 
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consider initiating a surgical procedure without first doing a 
“time out” or closing the wound and leaving the operating 
room without a reconciled sponge count. In both settings, 
individuals function within teams that help assure that “for- 
getting” to do so is extremely unlikely. Refusing to comply 
with expectations of the profession after being reminded 
would be considered “outside the norm” and “reckless 
behavior” and place the practitioner at risk of censure. 
Practitioners are also responsible for the systems within 
which they work. The level of accountability varies by the 
level of administrative responsibility, but even house staff 
bear some responsibility and must assume partial “owner- 
ship” of the systems in which they work (28). One way in 
which practitioners can participate in system improvements 
is by identifying threats to safety, reporting, collecting, 
collating, and assessing these threats, then develop inter- 
ventions to reduce them. The challenges are immense, 
beginning with the task of identification and reporting. 


MEASURING PATIENT SAFETY 


“Safety shows itself only by the events that do not happen”— 
Erik Hollnagel 

The adage “if you can’t measure it, you can’t improve 
it” has been proven correct throughout all of science. 
Fundamental changes in health care did not begin until 
pioneer surgeons began assessing their outcomes in an 
effort to determine whether they were, in fact, effecting 
positive change for their patients. Over the past several 
years, a plethora of metrics for quality (although painfully 
few in otolaryngology) have been introduced, impacting 
essentially all of health care in the United States (http:// 
www.cms.gov/qualitymeasures. Accessed May 18, 2011). 
However, few metrics exist to assess patient safety. Attempts 
to identify differences in outcomes are challenged by the 
heterogeneous nature of patient selection, institution, 
treatment and modality, collecting metric, and comorbid- 
ity. Nearly 20 years ago, the VHA attempted to measure 
surgical outcomes to the institution of a risk-adjusted mor- 
bidity and mortality (M&M) measure now referred to as 
Veterans Administration Surgical Quality Improvement 
Program (VASQIP) (29). An almost identical voluntary 
program termed National Surgical Quality Improvement 
Program (NSQIP) (the term originally referred to the VA 
program well into the first decade of the 21st century) 
is now managed by the American College of Surgeons. 
VASQIP and NSQIP measurement systems all involve chart 
review by trained personnel who attempt to quantify not 
only outcomes but also comorbidities to assess relative 
risks. Statistical adjustments are then made utilizing the 
relative risk to report a “risk-adjusted” outcome in which 
observed postoperative adverse events are compared with 
a risk-adjusted “expected” outcome. Although not suffi- 
ciently granular to facilitate identification of specific safety 
threats, use of the data has been demonstrated to drive 
improvements in quality and safety within the VA (29). 
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Data entry relies on standardized training of reviewers, 
who vary nonetheless as they are human. As a result, even 
with standardized data parameters, variation is introduced 
into the measurement system. Newer electronic data min- 
ing may have the potential to reduce this variability; how- 
ever, as Pronovost noted in a commentary in 2011 (30), 
current systems demonstrate substantial variability even 
when utilized to assess outcomes with an identical patient 
population. Moreover, although these risk-adjusted mea- 
sures assume that adverse outcomes are due to subop- 
timal care or frank medical error (since they assume the 
risk-adjustment calculations remove patient comorbidities 
from the result), it is usually impossible to identify the spe- 
cific events leading to the adverse outcome. For example, 
a specific episode of postoperative pneumonia might be 
due to inadequate nursing care with missed opportunity 
for chest percussion, deep breathing, etc., due to overse- 
dation on the midnight shift, or due to reliance on pain 
medication technology that was ill suited for the patient 
for which it was utilized. Or was the occurrence secondary 
to the primary disease process that the risk-adjusting calcu- 
lations failed to adequately measure? Quantifying medical 
error remains an enigma, one that will persist throughout 
the careers of all currently in practice or in training. 


“NEVER EVENTS” 


There exists a subset of medical errors that are so egre- 
gious, such as amputating the wrong leg, that their iden- 
tification is straightforward and they are easily identified 
as errors, even by lay persons. Termed “never events” (as 
they should “never” occur), these errors, such as retained 
foreign bodies in surgery, wrong-site surgery, operating on 
the wrong patient, etc., are unambiguous mistakes. The list 
of never events, proposed and maintained by the National 
Quality Forum (http://www.qualityforum.org), currently 
contains nearly 30 “events.” “Never events” are monitored 
though legally mandated reporting by many states, such 
as Pennsylvania, which enacted a formal Patient Safety 
Authority in 2002 (20). An obvious side effect of man- 
datory reporting is public disclosure, with its attendant 
institutional public relations challenges. Such manda- 
tory reporting may dramatically impact public opinion, 
although hospital public relations offices can find com- 
fort in the fact that their competitors are also required to 
report! However, even in the presence of mandatory report- 
ing, severe adverse events and deaths are often successfully 
“hidden” from public view, particularly when encountered 
in a public relations risk-adverse medical environment. 
The Los Angeles Times reported in November 2010 that 87 
hospitals had failed to report a single error in 3 years to 
the State of California (available at http://articles.latimes. 
com/2010/nov/27/local/la-me-hospital-errors-20100028. 

Accessed July 25, 2011). Unfortunately, hiding such infor- 
mation carries with it the risk that if and when the event is 
discovered the allegation of cover-up (rather than sloppy 


record keeping) may receive even greater public scrutiny 
than the error itself. 

Implied in the wrong-patient events are patient iden- 
tification errors, which are considered by many patient 
safety authorities to be the most common unreported error 
in health care systems. Some impact of this error can be 
found in the fact that assuring correct patient identification 
has been one of the highest priority patient safety goals for 
the JCPSGs for several years. Although identification errors 
are common, they only become “never events” when the 
error results in serious injury to the patient. 

Based on the challenges of identifying medical errors 
(with the exception of “never events”), detection of “sur- 
rogate markers” has become the de facto strategy utilized 
to assess patient safety. These include strategies that access 
electronic health records using data such as bar code medi- 
cation administration (BCMA) records critical “drug—drug 
interaction” alert overrides, or rapid switch of prescribed 
medications. Classen et al. (31) estimated that use of auto- 
mated triggers will increase the number of detected errors 
by 10-fold. Although these triggers add sensitivity, they also 
reduce specificity, so that expert review is often required. 
An example is identifying patients for whom perioperative 
antibiotics were not utilized when indicated (part of surgi- 
cal quality performance measures). The trigger can detect 
who did and who did not receive perioperative antibiotics 
but is unable to identify which particular patients require 
prophylaxis. 


ERROR AND NEAR-MISS REPORTING 


Voluntary reporting has been consistently demonstrated to 
be insufficiently sensitive for accurate detection of medi- 
cal mistakes and adverse events. In a classic study compar- 
ing the use of a formal chart review system (the American 
College of Surgeons National Quality Improvement 
Program) with standard reporting in M&M conferences, 
Hutter and colleagues noted that less than one-half of sig- 
nificant complications were reported at the M&M confer- 
ences. In a classic quotation, the authors expressed their 
surprise at their findings: “we were surprised at our findings 
as we had always prided ourselves on the veracity of our M&M 
reporting system” (32). 

Pronovost and Lueford in their recent publication on 
improving reporting systems made five specific recom- 
mendations to improve the current status of reporting 
(Table 198.2) (20). In the author's opinion, of their rec- 
ommendations, the most critical, and yet the one least 
likely to occur, would be the establishment of an indepen- 
dent agency. As noted earlier in this chapter, aviation was 
able to dramatically improve reporting of near misses by 
seeking to eliminate the “name, blame, shame” attitudes 
engendered by most high-performance systems. One criti- 
cal attribute of the ASRS is that its oversight was assigned 
to an independent agency within the National Aeronautics 
and Space Administration (http://www.asrs.arc.nasa.gov. 
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W252) FIVE RECOMMENDATIONS TO 


IMPROVE REPORTING SYSTEMS 


198.2 


. Assure validity and transparency 

. Standardize surveillance systems 

. Trend performance change over time 

. Develop strategies to prioritize measures 
. Create an independent agency 


oORWN = 


From Pronovost PJ, Lilford R. A road map for improving the 
performance of performance measures. Health Aff (Millwood) 
2011;30:569-573. 


Accessed July 19, 2011) rather than the licensing agency, the 
Federal Aviation Administration. It was apparent to those 
setting up the system that inducing pilots to report their 
mistakes to FAA would be a doomed strategy since to do so 
could place the reporter's career in jeopardy. 

Studies of medical mistake reporting systems have con- 
firmed that the reporting system itself is often the culprit in 
reducing the likelihood of reporting by frontline staff (33). 
Some of the ways in which these systems fail are listed in 
Table 198.3. One of the more important factors that dis- 
courage reporting is the sense of fatalism held by many 
(most) health care workers: “why should I bother to report 
since nothing is going to change?” Until this assumption is 
replaced with a “can-do” assumption, it is unlikely that 
frontline reporting will increase. It can be anticipated that 
the readers of this chapter will have substantial opportu- 
nities to impact this assumption through their interaction 
with, or even design of, these systems in future years. 

As of the second decade of the 21st century, no simple 
straightforward solution to measuring safety has been 
identified. The wide range of patient diseases, comorbidi- 
ties, and treatment algorithms create a complex matrix that 
defies discrete measurement. As Pronovost and Lueford 
(30) note, “Let us hope that the efforts in the next decade 
embrace science instead”. 


y,\5 3) RULES FOR DESIGNING REPORTING 


SYSTEMS 


198.3 


Improve system usability and reduce inefficiency so that reporting 
fits easily into workflow 

Define purpose of system for potential reporters, and be certain 
they can access and utilize it within their workplace 

Reduce likelihood of adverse consequences by assuring 
confidentiality 

Assure usefulness of reporting by providing feedback and 
eliminating “black hole” effect 


From Holden R, Ben-Tzion K. A review of medical error reporting 
system design consideration and a proposed cross-level systems 
research framework. Hum Factors 2007;49:257-276. 
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MEASURING SAFETY IN 
OTOLARYNGOLOGY 


Several investigators have reported on the prevalence of 
safety issues in otolaryngology. The premier report in this 
regard was a questionnaire sent to 2,500 otolaryngolo- 
gists in 2003 with the simple question, “Do you know ofa 
medical error in your practice within the past 6 months?” 
(34). Four hundred and sixty-six (18%) of surveyed oto- 
laryngologists responded, and of these nearly one-half 
(210) knew of an error that had occurred. Of these, 78 or 
37% had resulted in harm and 9 had led to the death of 
a patient. Using their findings, the authors estimated that 
roughly 2,600 patients are injured annually by medical 
errors in otolaryngology practice in the United States and 
that these errors lead to 165 deaths. Their estimates were 
plausible since they were congruent with the order of mag- 
nitude of the 1999 IOM report. Based on their findings, 
the authors proposed a classification system for report- 
ing errors in otolaryngology, which can be summarized as 
listed on Table 198.4. 

Additional studies focusing on specific threats in 
otolaryngology have addressed a number of threats 
uniquely encountered within otolaryngology. One of 
these is recurrent angiotensin-converting enzyme inhibi- 
tor (ACEI)-induced angioedema. Represcribing an ACEI 
following a prior episode of ACEl-induced angioedema 
is an obvious medication error, and despite its improb- 
ability, in the review by Roberts and coauthors, had 
occurred 26 times in a decade in a large academic medi- 
cal center (35). We revisit this study later in this chapter 
and review possible strategies to reduce the probability 
of the event. 

Another rare but potentially devastating error is the 
inadvertent use of concentrated medications. Although 
the (repeated) inadvertent administration of concentrated 
heparin to neonates in lieu of a lower dose for intravenous 
flush received the greatest attention (following the acci- 
dental overdose of actor Dennis Quaid’s twins in 2007), 
in otolaryngology, the most devastating has been the inad- 
vertent injection of concentrated epinephrine (1:1,000 or 


5 ) CLASSIFICATION OF ERRORS 


IN OTOLARYNGOLOGY 


198.4 


History and physical, diagnosis 

Testing 

Surgical planning or execution (including wrong-site surgery) 
Post-op care and medical management 

Administrative 

Communication 


Modified from Shah RK, Kentala E, Healy GB, et al. Classification 
and consequence of errors in otolaryngology. Laryngoscope 
2004; 114:1322-1335. 
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1 mg/mL). The concentrated epinephrine errors are partic- 
ularly instructive and are discussed in some detail. 

In 1995, a 7-year-old boy died after mislabeled concen- 
trated topical epinephrine was inadvertentlyinjected during 
routine otologic surgery (http://www.ismp.org/newslet- 
ters/acutecare/artoc;es/19961204.asp. Accessed July 19, 
2011). The sad case received widespread attention through- 
out North America, and its effect on the providers was 
featured in the instructional video “Beyond Blame” (avail- 
able for purchase at http://www.onlinestore.ismp.org). 
The Joint Commission as well as the Institute for Safe 
Medication Practices (ISMP) have made specific recom- 
mendations intended to reduce the likelihood of similar 
events occurring, including expressing the concentration 
of critical medications as milligrams (mg) per milliliter or 
cubic centimeter (cc) rather than as a ratio (ie. 1:1,000 
epinephrine should be labeled as 1 mg per 1 mL) and 
requiring clear labeling of all medications, particularly on 
the “back table” in the operating room (OR) suite. Shah 
et al. (36) addressed the incidence of erroneous injection 
of concentrated epinephrine (1 mg per 1 mL rather than 
the intended 1:100,000 or 1mg per 100 mL concentration) 
in a survey of otolaryngologists reported in 2008. Of the 
126 otolaryngologists who responded the survey, 34, or 
more than a quarter, had either personally experienced or 
heard of an epinephrine error within the past year, including 
five deaths. Sixteen, or one in eight, had personally expe- 
rienced an epinephrine mistake within the past year, and 
48, or more than a third, had experienced such an error 
in their careers (averaging nearly 20 years). Based on their 
experiences, many otolaryngologists introduced strategies, 
such as adding a few drops of methylene blue to concen- 
trated topical epinephrine to alert the surgical team. Shah 
et al. make specific recommendations to prevent or reduce 
the occurrence (Table 198.5), although anecdotal experi- 
ence suggests that these errors are still occurring in 2011. 


RECOMMENDATIONS TO REDUCE 
LIKELIHOOD OF INADVERTENT 
INJECTION OF CONCENTRATED 
(1 mg/mL) EPINEPHRINE 


TABLE 


198.5 


Stock single concentration of epinephrine 

Do not stock 1 mg/cc epinephrine in OR suite 

Label as dilution by weight rather than ratio, that is, 1 mg/mL 
rather than 1:1,000 

Label all solutions in the surgical field 

Draw medications directly from manufacturer’s vial directly prior 
to use 

Double-check all solutions with other team members visually and 
verbally 

Review all solutions when changing OR team members 

Consider standardization of solution markings 


From Shah RK, Hoy E, Roberson DW, et al. Errors with concentrated 


epinephrine in otolaryngology. Laryngoscope 2008;118:1928-1930. 


MEDICATION ERRORS 


Errors in the administration of concentrated epineph- 
rine or heparin, or ACEIs, are only the tip of the enor- 
mous problem of medication error. The pervasiveness of 
medication errors and the associated costs are staggering. 
The average hospitalized patient can expect to experience 
one medication error each day they are hospitalized, and 
the estimated cost of managing medication errors in the 
elderly is estimated to cost Medicare more than a billion 
dollars per year. The Institute of Medicine released a report 
in 2006 as part of the Quality Chasm Series that addressed 
the extent of the problem and outlined strategies useful for 
prevention (37). Rosenwasser et al. surveyed otolaryngol- 
ogy residents and attending surgeons operating in a single 
institution for a 2-month period in 2008 to seek to deter- 
mine the incidence of perioperative medication errors. 
Twenty errors were reported occurring in association with 
a total of 589 surgical procedures. They noted a wide range 
of error types in their sample, with approximately one-half 
involving antimicrobials. The authors noted that the fast 
pace of care seemed to facilitate the mistakes. They made 
a number of recommendations, many of which relate to 
information access (38). 


AGENCIES AND ORGANIZATIONS 


An enormous and ever-growing number of public and pri- 
vate organizations are studying medical mistakes and seeking 
solutions to the challenge they present. Several organiza- 
tions have assumed leadership positions in recommending 
specific interventions. These include the National Quality 
Forum, the National Safety Foundation, The VA NCPS, as 
well as AHRQ. The list grows dramatically, and an otolar- 
yngologist could devote her entire waking hours to search- 
ing the Internet for information and still access only a small 
percentage of available information. Some of the sources the 
author has found useful are listed on Table 198.6. 


RESPONDING TO MEDICAL ERROR 


Adverse events, many of which are due to medical mistakes, 
will inevitably occur. Acceptance of this truism leads to the 
realization that all health care workers, including otolar- 
yngologists, will all experience medical error. It is unlikely 
that anyone reading this chapter has not encountered med- 
ical error in their previous experiences. Poignantly, some 
have, or will, also experience error from the perspective of 
the injured patient or family member. Failure to address 
medical error, regardless of where or how it occurs, or is 
likely to occur, is unacceptable. Adverse events, in particular 
those due to error, require a response. Responses may be 
either productive or counterproductive—and unfortunately 
the latter often prevails (39). Many in the patient safety 
arena have addressed the counterproductive responses 
that are still common in the health care system. The 
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TABLE 
198.6 USEFUL WEB SITES 


1. National Patient Safety Foundation. http://www.npsf.org 
2. VA National Center for Patient Safety. http://www.patient- 
safety.gov 
3. Institute for Healthcare Improvement. http://www. ihi.org/ihi 
4. AHRO M&M on the web. http://www.webmm.ahrq.gov 
5. AHRQ Safety Culture Toolkits. http://www.ahrq.gov/qual/ 
patientsafetyculture/ 
6. University of Chicago Cognitive Technologies Laboratory. 
http://www. Ctlab.org 
7. Government Usability Web site. http://www.usability.gov 
8. Joint Commission National Patient Safety Goals. http:// 
www .jointcommission.org/assets/1/6/2011_NPSG_ 
Hospital_3_17_11.pdf 
9. IHI 5 Million Lives Campaign. http://www. ihi.org/IHI/Programs/ 
Campaign/Campaign.htm?Tabid=1ng5.asp 
10. WHO Safe Surgery Checklist. http://www.who.int/patient- 
safety/safesurgery/ss_checklist/en/index.html 
11. Pronovost Central Line checklist. http://www. ihi.org/IHI/ 
Programs/Campaign/CentralLinelInfection.htm 
12. Institute for Safe Medication Practices (ISMP). http://www. 
ismp.org 
13. Aviation Safety Reporting System. http://www.asrs.arc.nasa. 
gov 
14. National Quality Forum (NOF) http://www.qualityforum.org 
15. Sorry Works! (disclosure and apology). http://www.sorryworks. 
net 
16. Pennsylvania Patient Safety Authority. http://patientsafetyau- 
thority.org 
17. CMS Quality Measures. http://www.cms.gov/qualitymeasures 
18. Human Factors and Ergonomics Society. http://www.HFES.org 
19. FDA medical device regulations. http://www.fda.gov/ 
MedicalDevices/DeviceRegulationsandGuidance/default.htm 


reader is referred to the story of Eric Cropp, an inpatient 
pharmacist from a children’s hospital, who was convicted 
of manslaughter and sentenced to jail for a medical mis- 
take made by a technician he was supervising (story and 
commentary available at http://www.ismp.org/Newsletters/ 
acutecare/articles/20091203.asp. Accessed July 22, 2011). 


ROOT CAUSE ANALYSIS 


Examining errors is the critical first step in effecting substan- 
tive changes in health care system functions that threaten 
safety. A standard technique is to perform a detailed analy- 
sis, often termed “root cause analysis” or RCA. The term is a 
misnomer since there is rarely only one cause, nevertheless, 
when done well, the exercise can inform leadership regard- 
ing potential interventions. When done poorly, it gives 
the illusion of effectiveness without altering risk for future 
patients. All physicians should be familiar with the strategy, 
since they will be inevitably involved at some time in their 
career. The Veterans Administration NCPS has been a leader 
in this regard (40) and has prepared a number of tools that 
are available on their Web site (http://www.patientsafety. gov. 
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TABLE 
ROOT CAUSE ANALYSIS (RCA) 


198.7 


RCA Goals 
1. What happened? 
2. Why did it happen? 
3. What can be done to prevent it from happening again? 
RCA Strategies 
What? 


1. Interview frontline staff 
2. Assemble chronology of event, attempting to avoid hindsight 
bias 
3. Outline events and chronology on flow diagram 
Why? 
4. Consider causation 
. Information systems 
. Architecture 
. Policies or procedures 
. Equipment 
. Environment 
. In-place safety mechanisms 
5. Rules of causation 
a. Clear cause—effect 
b. Specific descriptors 
c. Identify preceding cause, not human error 
d. Identify cause of policy/procedure violation 
e. Failure to act only causal if preexisting duty to act 


roan TD 


How to prevent? 


6. Actions may be strong or weak 
a. Strong actions: architectural, equipment design, forcing 
functions, interlocks 
b. Weaker actions: double checks, training, new policies 
c. Intermediate actions: workload modification, read-back, 
documentation, redundancy 


From National center for patient safety. http://www.patientsafety.gov. 


Accessed July 22, 2011). Some of the key components of an 
RCA are outlined in Table 198.7. Other resources include 
the “How to” guide by Sidney Dekker (41), which should 
be read by all who investigate medical errors. Others have 
addressed one of the biggest challenges, that is, of so-called 
“hindsight bias,” which must be factored into conclusions 
reached by all who address human error (42). 


OTOLARYNGOLOGIST RESPONSES 
TO MEDICAL ERROR 


In 2006, Landers et al. reported the responses of otolar- 
yngologists from the sample reported earlier by Shah 
et al. (34). They noted that most otolaryngologists had 
responded in some manner, and much of the reported 
data were offered voluntarily by the respondents. One-half 
had intervened to ameliorate the effect of the error on the 
patient, in approximately a third the event had resulted 
in a change in department or hospital practices, and a 
few (7%) had altered their own individual practice style. 
Ten percent noted that they had experienced guilt with 
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an associated emotional response, and approximately the 
same percentage had disclosed the error to the patient (43). 


THE SECOND VICTIM, DISCLOSURE, 
AND APOLOGY 


As Lander and others (44,45) have noted, medical error 
impacts more than the patient and his family. In addition 
to the obvious medicolegal implications, physicians in par- 
ticular may be emotionally devastated by medical errors 
they commit to the point they may become impaired by 
their response to the error with sleep loss, inability to 
focus, and secondary effects on their families and cowork- 
ers. Wu (46) has famously identified this paradox as the 
“second victim” and notes that the physicians and other 
health care workers who commit the error also need assis- 
tance in order to return to optimal levels of performance. 
Wu makes specific recommendations for strategies whereby 
one can assist coworkers faced with the emotional trauma 
of committing a medical error. 

It is axiomatic that focusing on individual performance, 
attempting to cover up mistakes, and an institutional pri- 
ority of protecting the health care team or institution by 
pulling down a veil of secrecy fails. Not only does this 
strategy fail to resolve the system design issues that led to 
the event in the first place, it will most likely exacerbate 
the negative effects of the error itself. Data exist to suggest 
that tort claims are often initiated by injured patients and 
families when they perceive dishonesty or cover-up on the 
part of the physician, team, or institution. The claim may 
be initiated “to find out what really happened.” When evi- 
dence of an error is discovered, the assumption is often 
that the “doctor must be guilty since (he) tried to cover it 
up.” A considerable body of knowledge exists that supports 
the benefit of early, honest disclosure to all parties (with 
the notable exception of tort lawyers). Honest disclosure 
should be considered integral to ongoing medical care of 
the patient, as such disclosure will help guide decision- 
making (47). The effect of disclosure on reducing the risk 
of tort claims has been well demonstrated, and a number 
of states have (as of 2011) introduced legislation that offers 
some degree of protection to health care workers and insti- 
tutions that disclose errors. The VA has been a leader in 
this regard, and substantial resources are available online, 
with the Massachusetts Coalition guideline “When things 
go wrong: responding to adverse events” particularly use- 
ful (available at http://www.macoalition.org/documents/ 
RespondingtoAdverseEvents.pdf). It has been noted that 
patients expect, and benefit from, an authentic and heart- 
felt apology as well as full disclosure of the facts. Although 
difficult to do since doing so is counter to the usual cul- 
tural traditions, apology should be considered integral to 
any response to medical error. Not only does physician 
acceptance of responsibility and apology assist the patient 
in “moving past” the error, but it also empowers the phy- 
sician to engage in actions to improve systems to reduce 


the likelihood of recurrence of the event. Excellent texts are 
available to assist the physician faced with the need to dis- 
close (48), and the author has found rehearsal to be valu- 
able in preparation. 


SPECIFIC SAFETY INTERVENTIONS 


The list of specific patient safety interventions that have 
been introduced is lengthy and growing at an exponential 
rate. By the time this chapter has reached publication, much 
of it will undoubtedly be out-of-date. The following section 
is not intended to be comprehensive but should be viewed 
as an overview. The reader is encouraged to seek additional 
information from the list of Internet sources in Table 198.6. 


MEDICAL DEVICE SAFETY 


The dramatic increase in the number and complexity of 
medical devices has added substantial increased risk of 
medical errors. Although some of these are due to failed 
automation or function on the part of the equipment itself 
(particularly noteworthy are the deaths due to program- 
ming mistakes in the Therac-25 linear accelerator), most 
device-related errors occur at the human-device inter- 
face. Essentially, instruments that were designed to assist- 
ing those seeking to cure may paradoxically occasionally 
facilitate errors by those same individuals. Among the 
early investigations into this paradox were the studies by 
Cook et al. into infusion pumps and other medical devices 
extending back to the early 1990s (http://www.ctlab.org. 
Publications accessed July 22, 2011). In the intervening 
years, the Food and Drug Administration has taken an 
active role in oversight of devices and recently a greater 
emphasis on the human-machine interface (http://www. 
fda.gov/MedicalDevices/DeviceRegulationsandGuidance/ 
default.htm. Accessed July 22, 2011). 


ELECTRONIC MEDIAL RECORDS, 
COMPUTERIZED PHYSICIAN ORDER 
ENTRY (CPOE), AND BAR CODE 
MEDICATION ADMINISTRATION 


The value of electronic medial record (EMR) systems and 
particularly CPOE in preventing some types of medical 
error is obvious and was identified as a critical component 
of the roadmap for change in essentially all early publi- 
cations on the topic of patient safety (49,50). As of 2011, 
there can be no doubt that EMR systems will be univer- 
sal by the end of the decade. Unfortunately, despite initial 
promise and high expectations, these systems have also 
been found to promote new types of error (51-55). Similar 
to the observations in other medical devices, most threats 
arise not from the function of the system, but rather are due 
to insufficient attention paid to the human-system interac- 
tion characteristics of the design. Systems that work well 
in laboratory settings often fail when used in high-stress, 
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high-stakes settings common in hospitals (55). The oppor- 
tunity for safety-driven improvement is obvious, and it is 
the opinion of many that this improvement must be based 
on formal investigations into cognitive work in complex 
environments. 

One strategy is to study work-arounds, a strategy utilized 
by Koppel et al. (5G) in their study of BCMA implementa- 
tion published in 2008. Like many other novel technologic 
advances, postimplementation examination of the tech- 
nology is frequently associated with surprises. In a clas- 
sic cognitive engineering text, Woods and Hollnagel (15) 
emphasize the need to assure that technology is designed 
to be a team player, with characteristics similar to those 
of effective human team players, such as transparency and 
predictability. 


COMPUTERIZED DECISION SUPPORT 


Decision support for the practitioner is widely considered to 
be the most valuable potential benefit of EMR systems (57). 
Human memory is limited, and the design of systems to 
compensate for human limitations is a critical component 
of human performance. Don Norman famously quipped 
that “the power of the unaided mind is overrated.... (its) real 
powers come from devising external aids that enhance its cognitive 
abilities” (58). The need to design these systems in a way that 
matches human performance is challenging—and to date 
most systems fall short of the promise (59,60). The promise 
is perhaps best illustrated by the title of the definitive text by 
Robert Greenes “...the road ahead” (61). Most EMR systems 
in use today have some level of decision support integrated 
into the CPOE component, although none are error-free. 
The most common form is through view alerts, in which 
a trigger “pops up” when a potentially unsafe medication 
(such as ordering an ACEI for a patient with known prior 
ACElI-related angioedema) is ordered (60). Unfortunately, 
most systems are “tuned” to eliminate all risk for the institu- 
tion or EMR vendor, resulting in a plethora of view alerts, 
most of which are disregarded. Recent studies demonstrate 
that 90% of view alerts, including a substantial number of 
critical alerts, are routinely disregarded by physicians (62). 
It is obvious that much more needs to be done. 


SIMULATION IN TRAINING AND 
ASSESSMENT 


Simulation has been an integral component of aviation 
since WWII. Faced with the need to train thousands of pilots 
rapidly, the US Army Air Corps realized early that they would 
quickly run out of airplanes—and pilots—if they did not 
identify alternative training strategies. One of these was the 
development of the Link Trainer in which the novice pilot 
could develop the motor skills that would later function 
instinctively. The author recently encountered a commercial 
airline pilot who related the following story confirming the 
value of simulation training: 
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“Two weeks ago I lost an engine on take-off. Although the 
aircraft will fly if it has reached adequate speed for lift-off, there 
are several procedures which the pilot must do quickly to assure it 
continues to fly. Losing an engine on take-off is a rare event, and 
one which most pilots never experience throughout their entire 
career. However, we practice it—and are tested on it—in every 
routine training session in the simulator. Two weeks ago was my 
turn to be tested, this time with a full airplane. 

Just as we left the ground I heard the sound, saw the data, 
and immediately knew what had happened. I and my co-pilot 
quickly did the correct procedures, just as we had practiced over 
and over, and the plane responded just as in the simulator. After 
several minutes when the situation was stable I keyed the inter- 
com to tell the passengers that we had lost an engine and were 
circling in order to dump fuel (an airplane is too heavy to land 
with full fuel tanks). As I keyed off the intercom after I had 
informed them it struck me. My voice wasn’t shaking. It was 
just as I had done in the simulator. Throughout the entire event 
I had calmly done the correct procedures in the correct order. 
Our training in the simulator may well have prevented a catas- 
trophe.” 


Simulation in aviation is now utilized not only for 
training, and for rehearsal of rare events, but also for 
certification. In a similar manner, simulation training is 
becoming ever more utilized as a safety intervention in 
training health care workers. Many surgical skills such as 
otologic procedures have been taught in the laboratory for 
many years, and with the introduction of new simulator 
technology, it seems inevitable that much learning now 
done in the OR will occur instead in the simulator labo- 
ratory (63,64). In some specialties, “high-stakes” simula- 
tion testing is utilized for certification, and there are early 
investigations into its use in otolaryngology (65). It can be 
assumed that simulation of all types will represent an ever- 
increasing role in training and assessment in future years. 


PHYSICIAN FATIGUE AND WORK HOURS 


The expectation that physicians must work long hours in 
their training in order to develop the knowledge, skills, 
and attitudes necessary to provide safe and effective 
patient care was standard in the United States until early 
in the 21st century. The death of Libby Zion in 1984 is 
widely assumed to represent the “beginning of the end” 
for unlimited work hours for residents. Over the inter- 
vening quarter of a century, multiple changes in work 
regulations have been introduced, many introduced fol- 
lowing the 2008 IOM report (available at http://www. 
IOM.edu/reports/2008/Resident-Duty-Hours-enhancing- 
sleep-supervision-and-safety.aspx. Accessed July 22, 2011), 
which reviewed the evidence for fatigue as a patient (and 
resident) safety issue and made multiple recommenda- 
tions. The issue is still in flux in 2011 and is likely to be so 
through the entire life expectancy of this edition. Sexton 
surveyed surgeons and pilots and noted that although 
pilots were well aware of the effects of fatigue on their 
performance, physicians were more likely to believe that 
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fatigue did not affect their performance (66). One factor 
limiting the benefit of more rested physicians has been the 
requirement for more handoffs. The requirement for more 
structured handoffs (67) is currently generating a number 
of innovations, of which none have yet been demonstrated 
to be superior. 


CHECKLISTS 


Checklists have been part of aviation and other high-stakes 
industries for years but only recently have become standard 
in health care. Checklists derive from an understanding of 
the cognitive limitations of humans—that is, humans have 
limited memory resources, and these resources degrade 
even more in periods of stress. Peter Pronovost is well rec- 
ognized for his work in promoting the use of checklists 
and has been featured in the lay press for his actions in 
this regard. His seminal paper in 2006 demonstrating dra- 
matic reductions in the incidence of central line infections 
after introduction of a simple checklist is viewed as a land- 
mark innovation for patient safety (68). The use of check- 
lists in the OR to assure compliance with Surgical Care 
Improvement Project (SCIP) standards is now standard in 
many facilities to assure that perioperative antibiotic and 
deep venous thrombosis prophylaxis, as well as other inter- 
ventions, are not inadvertently forgotten. It can be assumed 
that checklists will become more common in future years. 


CREW RESOURCE MANAGEMENT 
AND MEDICAL TEAMS 


Following several high-visibility accidents in the 1970s 
the aviation industry came to the realization that planes 
were crashing due to faulty teams rather than faulty air- 
craft. From this arose the concept of training teams to work 
as teams, utilizing all the human resources as well as the 
technologic resources, with set rules and procedures (9). 
This training was initially termed “cockpit resource man- 
agement” and later expanded to include the entire crew, 
hence the term “crew resource management” or CRM. 
Since its introduction in the late 1970s and early 1980s, 
there have been few accidents that have occurred due to 
failure of the cockpit crew to work together. In the inter- 
vening period, there has been a substantial effort to intro- 
duce CRM into the medical arena, often specifically termed 
“medical team training.” The range of activities and proce- 
dures that have been spawned by this paradigm shift has 
been dramatic, and includes a number of strategies, such 
as the handoff issue above, with which all physicians are 
now familiar. The underlying principle is that all mem- 
bers of a team have a stake in team integrity and perfor- 
mance and share the responsibility of the outcomes of its 
actions. Communication is key to team function, and not 
only must team members speak up, but effective teams 
also respond to comments, observations, and recommen- 
dations. Effective teams flatten, (but do not eliminate) the 


hierarchy, by empowering anyone on the team to speak 
up if necessary. In a manner similar to aviation, standard 
communication protocols are established, such as the 
SBAR (situation, background, assessment, recommenda- 
tion) format for handoffs. “Time out,” read-back, CUS 
words (“I am Concerned,” “I am Uncomfortable,” “Stop 
and Step back”), and pre- and post-op briefings are exten- 
sions of the concept of teams. 

A fundamental requirement of teams is the so-called 
“basic compact,” in which each team member commits to 
support the ongoing integrity of the team. Teams facilitate 
coordination among their members. Team members are 
inter-predicable in that actions of members are predictable 
by others. Members bear a responsibility to correct faulty 
knowledge and to be sensitive to factors that degrade the 
compact. A study of team member perceptions by Makary et 
al. suggested that considerable disparity exists among team 
members’ opinions of team functioning. Perhaps not sur- 
prisingly, surgeons consistently rated team effectiveness at 
a higher level than either anesthesiologists or nurses (69). 

The VA embarked on a formal team training program 
that sought to train OR teams in all VA hospitals and deter- 
mine the outcomes of the training. Comparing the VASQIP 
risk-adjusted mortality in the 74 institutions suggested a 
dose-response relationship (70). Although it is feasible 
that the decrease was due to other, possibly unrelated fac- 
tors, nonetheless the study lends credence to the value of 
formal team training. 


CONCLUSIONS 


Patient safety remains a fundamental threat to all who either 
receive or administer health care. Despite multiple innova- 
tions and investment of countless resources, the challenges 
continue. The otolaryngologist must not become discour- 
aged by the lack of progress but rather must participate in 
efforts to improve safety for all who are at risk. 


m Adverse effects of medical care are common, and the 
personal and fiscal costs impact patients and their 
families, health care workers, and society. Many 
adverse effects are due to medical errors, which 
are estimated to cause the deaths of one in twenty 
Americans. 

m An understanding of human performance and the 
causes of human error informs us regarding the 
causes of medical error. Health care workers strive 
to provide optimal care and do not knowingly put 
their patients at risk. The roots of most medical 
errors are due to flawed systems, not flawed individ- 
uals; hence fixing systems is a more effective strategy 
than “fixing” individuals. 
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m= The ultimate goal of patient safety is to protect 
patients. Since human error cannot be eliminated, 
strategies to protect the patient from the effects of 
error are more effective than trying to prevent error. 
Defenses vary in permeability. Some are more pro- 
tective than others. “Forcing functions” are more 
effective strategies than advising health care workers 
to “be careful.” 

m Study of the aviation industry can suggest strate- 
gies to improve safety within the health care indus- 
try, particularly no-fault reporting, simulation and 
team training, and rapid dissemination of lessons 
learned. 

= Reporting, collating, and studying adverse events 
and near misses can inform system design to reduce 
the likelihood of patient injury due to human error. 

m Health care workers are not relieved of personal 
responsibility for patient safety. A just culture seeks 
to define the balance between system responsibility 
and individual responsibility. 

= Human cognitive performance is affected by fatigue, 
distraction, and stress. “Time out” and checklists are 
strategies to compensate for imperfect human per- 
formance. 

= Most health care today is delivered by teams, not 
individuals. High-performance teams are safer than 
high-performance individuals. Teams vary in their 
effectiveness, and team function is measurable. 

m Responding to errors requires attention to the needs 
of both the patient and health care worker. Honest 
disclosure and apology are effective in maintaining 
a healthy ongoing relationship that is healing for 
both patient and physician. 

= Root cause analysis and other tools can be useful in 
dissecting the causes of adverse events, identifying 
the causes of error, and informing system design to 
reduce recurrence of such events. 
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With the continuing avalanche of new regulations, the ever- 
tightening belt of third party payor reimbursement, the 
increased scrutiny by federal and state enforcement authori- 
ties, the increased emphasis on cost-containment and pay- 
for-performance measures, and the always looming threat of 
medical malpractice actions, physicians find themselves hav- 
ing to play the role of accountant, attorney, billing consultant, 
business manager, financial advisor, risk manager, and, if time 
permits, practicing physician. Long past are the days when a 
physician could simply devote virtually all of his or her pro- 
fessional time seeing patients and providing high-quality care. 

In today’s environment, physicians must still focus on 
providing high-quality care to their patients; however, they 
may also need to delegate certain aspects of the business 
side of medicine to the right individuals in order to opti- 
mize their success. This may seem counterintuitive to some 
in that in order to maintain control over their practice as a 
whole, physicians must learn to let go of some of the pieces. 

The most important first step to gaining or regaining 
control over one’s practice is to identify key advisors and 
specialists. Selecting an experienced health care attorney 
and an accountant with significant experience in represent- 
ing physicians and physician practices is crucial as they 
can help navigate through the often murky waters of the 
health care regulatory landscape. There are numerous legal 
and accounting aspects of starting, maintaining, expanding, 
merging, and even closing a medical practice that require 
professional advisors to guide physicians so as to avoid the 
myriad of serious negative consequences that can result 
from noncompliance with the ever-changing rules of the 
game. Some of these consequences include, but are not lim- 
ited to, overpayment demands by third party payors, depar- 
ticipation or exclusion from third party payors, civil fines, 
and even criminal sanctions. Experienced, qualified health 
care attorneys, accountants, and other advisors can mitigate 
against the risks of facing such consequences as well as assist 
in crucial administrative matters for example, obtaining 
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and maintaining the appropriate licenses (such as one’s 
medical license, controlled substance license, drug control 
license, and Drug Enforcement Administration [DEA] regis- 
tration), obtaining the best financing for medical and office 
equipment and supplies, obtaining the appropriate insur- 
ance (e.g., professional liability, personal liability, property, 
workers’ compensation, directors and officers liability poli- 
cies, and even policies now available to insure against fines 
and defense costs for billing errors and omissions). 

Some physicians find it helpful to consult with a busi- 
ness advisor as well to sit down with the other professional 
advisors and to help develop a business plan based upon 
the physician’s desires and needs. Such plans may include 
staffing determinations, changes in physical location, add- 
ing ancillaries such as imaging and laboratories, market- 
ing, and developing affiliations with other health care 
providers, entities, and organizations. Prior to implement- 
ing such plans, it is a good idea to run them past one’s key 
advisors to assure legal compliance. 

Another important step is to make sure that the physi- 
cian has a good understanding of where his or her practice 
stands in terms of the billing of professional services ren- 
dered. Remember, a physician alone is responsible for the 
use of his or her provider number. Whether one chooses to 
do his or her own billing, to employ an in-house biller, to 
contract with an outside company, or to rely upon his or 
her employer, ultimately the physician is responsible for 
the claims submitted under his or her provider number. 
Thus, if a physician chooses to rely upon others to do his 
or her billing, the physician should make sure that he or 
she has the requisite knowledge and experience in his or 
her specific field of practice. Being proactive, asking the 
right questions, and researching the prospective biller prior 
to engagement are time well spent and can save the physi- 
cian significant headaches in the future. While the enforce- 
ment authorities may find that the physician did not have 
the requisite intent for criminal prosecution because his 
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or her biller made the errors and not the physician, the 
physician will still incur significant costs in both time and 
money defending the billings, and very often, the physi- 
cian is subject to significant fines and penalties on top of 
returning monies to which the physician believed he or she 
was entitled and upon which he or she relied in the oper- 
ation of the practice. As such, the physician needs to be 
familiar with the billing rules as they pertain to his or her 
specific area of practice. Responsibility for this knowledge 
and expertise should not be delegated. 

Of course, no chapter on the business of medicine would 
be complete without discussion of medical malpractice and 
the efforts to reform the system—which to many appears 
broken and sorely in need of repair but without a viable 
solution. For the past three decades, medical malpractice tort 
reform has remained a highly polarizing, heavily contested 
legal issue, which affects not only physicians and attorneys 
but also the great many Americans seeking health care each 
year. But why does this legislation inspire such fervency in 
those that revile it and in those that champion it? Ask its 
critics, which typically include much of the plaintiffs’ bar, 
and the answer is simple: medical malpractice tort reform 
strips individuals of their ability to redress injuries that they 
have incurred and right the perceived wrongs that have been 
committed against them. To its advocates, the answer is 
equally clear: medical malpractice tort reform is the mech- 
anism by which defensive medicine is prevented, doctors’ 
personal and professional livelihoods are protected, and 
litigious plaintiffs with frivolous lawsuits are deterred from 
bringing suit. While both sides make frequently valid and 
often convincing arguments, the reality of medical malprac- 
tice tort reform lies somewhere in the middle. It is a legisla- 
tively constructed concept, which has made its impact, both 
positive and negative, on the American legal landscape. 

The purpose of this chapter is to provide the physi- 
cian with a general overview of some, but not all, topics 
of interest to otolaryngologists regarding the business of 
medicine. It is by no means an exhaustive list as health care 
is a broad field and highly regulated with ever-changing 
laws, regulations, rules, advisory opinions, guidance, and 
contractual provisions. The goal of this chapter is to pro- 
vide the physician with a business perspective of medicine 
and to arm the physician with enough insight and business 
savvy to recognize certain risk areas so that the physician 
may timely seek appropriate assistance in compliance with 
such areas and avoid the negative consequences often asso- 
ciated with a lack of knowledge. 


MEDICAL LIABILITY 
Medical Liability Claims in the United States 


Introduction 

Medical malpractice, or negligence law, is just one subset 
of the legal behemoth that is tort law. A tort is generally 
defined as a civil wrong that causes an injury, for which a 
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victim may seek damages, typically in the form of money 
damages, against the alleged wrongdoer (1). Tort law is that 
body of law that serves as the vehicle by which tort liability 
can be sought in a court of law against such wrongdoers 
and generally serves to award damages to a victim suffi- 
cient to restore him to the position he would have been in, 
had the tortious conduct not occurred (1). Tort law typi- 
cally governs three types of causes of action or, more sim- 
ply phrased, legal theories of a lawsuit: negligence, strict 
liability, and intentional torts. A claim for negligence is 
brought when an injury results from an individual's failure 
to exercise the standard of care of a reasonably prudent per- 
son would have exercised in a similar situation (2). These 
matters involve unintentional acts that may cause harm. 
Actions for medical malpractice are classified under the 
umbrella of negligence claims. Claims for strict liability do 
not require an intent to harm or the presence of actual neg- 
ligence but rather are based on the breach of an absolute 
duty to make something safe (3). Strict liability typically 
arises in situations that are considered inherently danger- 
ous. For example, an individual who keeps a domesticated 
Siberian tiger in his home is strictly liable for any injuries 
that the tiger may cause, no matter the precautions the 
individual takes in protecting the safety of others. He need 
not be found to have breached the standard of care to be 
found strictly liable in such scenarios. Finally, intentional 
torts are defined as torts committed by a wrongdoer act- 
ing with intent (4). Examples of intentional torts include 
assault and battery, defamation, and false imprisonment. 


Historic Analysis of Tort Law and the Evolution 

of Medical Malpractice Action in the United States 
The modern system of American tort law and its district 
categories are by no means a recent construct. Tort law 
has existed in some form for hundreds of years, originat- 
ing from English common law. Common law is defined as 
law that is issued from judicial decisions and not derived 
from legislatively enacted laws or statutes. Consequently, 
centuries-old decisions made by judges in England have 
greatly affected how the US legal system addresses actions 
for negligence, strict liability, and intentional tort. Taken 
one step further, the law that is applied in the most com- 
plex medical malpractice case can trace its ancestry to an 
English judge deciding whether a Welsh farmer's horse was 
negligently corralled during the 15th century. 

The element of damages in tort law is of major signifi- 
cance and is integral to understanding the overall concept 
of medical malpractice law, mainly because the “runaway 
juries” have been the subject of great media attention and 
scrutiny. In tort law, compensatory money damages can be 
sought by a victim for both economic and noneconomic 
losses (5). Economic damages seek to compensate an 
individual for quantifiable economic losses, such as lost 
income and medical bills, while noneconomic damages are 
more speculative and seek to compensate an individual for 
noneconomic losses, such as mental distress and pain and 
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suffering (5). In certain rare scenarios, generally involving 
egregiously reckless conduct or behavior, a victim may also 
seek punitive damages against a wrongdoer (6). 

Tort law is a function of state law, with each state pro- 
viding different rules for bringing about a tort claim.! 
Procedurally, various states may approach tort claims dif- 
ferently; however, the basic premise of a tort claim and 
the elements that a plaintiff must prove in order to bring 
a successful cause of action remain consistent across all 50 
states. This chapter focuses its state-specific discussion of 
tort law and medical malpractice tort reform on the state of 
Michigan and utilizes Michigan’s experience with medical 
malpractice tort reform to illustrate how, in recent years, 
many states have attempted to handle the rising number of 
suits for medical malpractice. 

The modern medical malpractice system in this country 
dates its origins to the 1840s, when the United States expe- 
rienced a sudden surge in the number of medical malprac- 
tice actions brought in state courts (7). This boom could 
be attributed to the lack of a national “standard of care” 
for medical treatment, which often left patients seeking 
care from unqualified or unskilled medical practitioners 
(7). As the number of medical malpractice actions spiked, 
plaintiffs’ attorneys also found a new niche in which lucra- 
tive careers could be made, primarily due to the availability 
of contingency fees, wherein a plaintiffs attorney receives 
as his fee one-third of the plaintiffs overall jury award or 
settlement. This time frame is typically considered the first 
medical malpractice “crisis,” and the commencement of 
the long and complicated interplay between the medical 
community and the legal system. 

The second significant medical malpractice crisis in the 
United States occurred in the 1970s and 1980s (7). During 
this time period, there was a rapid rise in the number of 
medical malpractice claims filed, as well as the size of 
awards made in medical malpractice actions. It has been 
estimated by the American Medical Association (AMA) 
that in 1975 as many as 14,000 malpractice suits were filed 
against physicians. The average jury award in these suits 
was $171,000 (7). The influx of medical malpractice claims 
and their subsequent jury awards created a chain reaction 
that had a far-reaching effect. Many private insurance com- 
panies began withdrawing from providing insurance cover- 
age, and the insurers that remained responded by raising 


‘While tort law is primarily a function of state law, there is a Federal 
Tort Claims Act (“FTCA”), enacted in 1948, that provides that a pri- 
vate individual may sue the United States in a federal district court for 
most torts committed by persons acting on behalf of the United States. 
The FICA imposes some limitations upon actions brought under the 
Act, specifically that the action must be brought in federal, rather than 
state court, the matter must be heard in a bench trial, presided over by 
a judge, and that the United States is not liable for any punitive dam- 
ages sought by the plaintiff. In a medical malpractice context, claims 
brought pursuant to the FTCA most typically arise when an individual 
sues a VA or military hospital for medical negligence. 


Section XI: Contemporary Issues in Medical Practice 


malpractice premiums. In 1975, it was documented that 
malpractice premiums had increased from anywhere from 
100% to 750% (7). The sudden increase in insurance pre- 
miums, coupled with the loss of many private insurance 
companies from the market, resulted in some physicians 
leaving particular practice areas, or retiring from the prac- 
tice of medicine altogether. It was the culmination of these 
factors that sparked a call for policy change at both the 
state and federal levels, and with that, modern medical 
malpractice tort reform was born. 

Before addressing tort “reform” and its impact on the 
physician’s practice, it is important to understand the anat- 
omy of a modern medical malpractice case, as oftentimes 
the physician is quick to equate “reform” with the alto- 
gether elimination of medical malpractice claims from the 
American legal system. It is not the legal system, however, 
that is broken. Our civil litigation system has existed for 
centuries; it is only because it is so interwoven with and 
dependent on the human element that we see it as contro- 
versial. Consequently, a description of a malpractice action 
is in order that will outline the “theory” of litigation along 
with the “reality” of being a party defendant in a medical 
malpractice case. 


Medical Malpractice Litigation 


Anatomy of a Medical Malpractice Case?’ 

General Legal Background 

As a practicing physician with a highly advanced degree, 
years of sophisticated training, and a hard-earned profes- 
sional license to protect, it is important to gain an under- 
standing of the basic elements of a medical malpractice 
claim and the procedural aspects of bringing a lawsuit in 
order to best understand how to limit your exposure to 
claims of medical negligence. In today’s legal environment, 
physicians often think that a lawsuit is a natural conse- 
quence of any “bad result” arising out of care provided to 
a patient. While a bad result should put the physician on 
alert that a suit may be on its way, a bad result does not, 
in and of itself, qualify as a legitimate malpractice claim. 
To bring, and sustain, an action for medical malpractice, 
the plaintiff bears the burden of establishing the four basic 
elements required of any negligence claim, with some vari- 
ations. Specifically, the plaintiff must establish (a) that a 
physician or health care provider owed the plaintiff a duty 
of care, (b) that this duty of care was breached by conduct 
that was not in accordance with the standard of care that 
a reasonable physician would have employed under like 
circumstances, (c) that this breach was a cause of the plain- 
tiff’s injury, and (d) that the plaintiff suffered damages as a 
result of this breach (8). 


?Most of the authors’ medical malpractice work arises out of claims 
filed in the State of Michigan. Consequently, examples and case law 
cited here will often involve specific Michigan rules and statutes. 
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In regard to the third element of causation, a physician’s 
allegedly tortious conduct must be both the cause in fact 
and the proximate cause of the victim’s injury. The cause in 
fact (or “but-for” cause) of a plaintiffs injury simply means 
that but for the physician’s conduct, the injury would not 
have occurred. Proximate cause is a complex legal concept, 
one that is particularly vexing to first-year law students, 
but essentially, proximate cause can be defined as the ini- 
tial conduct or act, which sets off a natural and continu- 
ous sequence of events that produces an injury.’ In order 
for a plaintiff to successfully bring an action for medical 
malpractice, he or she must establish that the defendant's 
actions were both the cause in fact and the proximate cause 
of his or her injuries. Thus, because a bad result may be a 
natural consequence of treatment, there is no viable claim 
until a similarly situated physician testifies that the defen- 
dant physician breached the standard of care and that the 
breach was a cause of plaintiff's injuries. 


Presuit 

In a vacuum, a patient who suspects that he or she has 
been the victim of medical malpractice will retain an attor- 
ney who will determine if the plaintiff has a viable claim. If 
the attorney believes there is evidence of a physician’s neg- 
ligence, the attorney will conduct an investigation, which 
requires having a qualified physician look at the medical 
records involved and offer an opinion whether proper 
treatment was rendered in the case in question. Once the 
attorney is convinced that the expert will testify adequately 
about the legal requirements of duty, standard of care, and 
proximate cause, the attorney may initiate a lawsuit by fil- 
ing a complaint, almost always in state court. But, in some 
instances, there may be ways to avoid a lawsuit and circum- 
vent the entire adversarial litigation process. 

As a practical matter, a patient who may feel that he or 
she received inadequate medical treatment due to negli- 
gence knows little or nothing about the “burden of proof” 
or what other legal requirements are necessary to proceed 
in a court of law. Consequently, a patient who has a nega- 
tive experience is angry and wishes some redress or, if 
nothing else, a bit of an explanation as to why he fell into 
that small percentage of patients that his physician quoted 
as being at risk of a potential complication from the medi- 
cal treatment in question. As a result, a patient really may 
only be looking for answers, rather than an attorney. 

It is during this period that, in some instances, a physi- 
cian can head off a lawsuit if her office is receptive to the 
patient’s concerns. Some physicians have gone to great 
lengths to avoid speaking directly to patients about the 


*Proximate cause “normally involves examining the foreseeability 
of consequences, and whether a defendant should be held legally 
responsible for such consequences.” Skinner v Square D Co, 445 Mich 
153, 163 (1994). 
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“mechanics” of medicine when a less than optimal result 
has occurred. However, avoidance or vagueness almost 
always instills suspicion and can, by itself, be the impetus 
for a patient to head to the nearest attorney’s office. One 
course of action to follow is to be as straightforward and 
direct with the unhappy patient as possible and to speak 
with them at length about their complaints if they seek out 
an explanation. Also, a physician should provide a patient 
with any requested medical records and may offer to refer 
a patient to another physician, if the patient so desires. 
While it is not in the physician’s best interest to admit 
that anything he or she did was inappropriate (unless, of 
course, what he or she did was inappropriate, and then you 
must let your conscience be your guide), being empathetic 
to the patient’s plight may even go so far as to head off a 
potential lawsuit. 


Suit Filed: Discovery 

Assuming that the patient is neither placated nor inter- 
ested in an informal discussion about the patient's medi- 
cal care and an attorney is retained who has obtained a 
positive review from an expert, the formal action is begun 
in court by filing a pleading known as a complaint.’ The 
complaint initiates a civil action and outlines with specific- 
ity the basis for the plaintiff's medical malpractice daim 
and the relief that the plaintiff seeks (9). The complaint is 
then filed upon the opposing side, who in response must 
file an answer, which is the defendant's first pleading that 
addresses the merits of the case and generally denies the 
plaintiffs allegations and sets forth any of the defendant's 
defenses and counterclaims (10). 

After the complaint and answer have been filed, the pre- 
trial process of gathering evidence to support either party’s 
position, referred to as the discovery stage of the proceed- 
ings, begins. During discovery, interrogatories are exchanged 
between the parties, which are written sets of questions 
that are required to be answered candidly. Also during the 
discovery period, depositions of the relevant witnesses are 
taken. A deposition is a witness’ out-of-court testimony, 
which is taken under oath and recorded for later use at trial 
or to further additional discovery (11). Depositions are a 
critical part of the discovery process, as they assist counsel 
for both parties to focus their discovery requests and iden- 
tify important issues to be addressed at trial. 

The discovery phase of the lawsuit is really the nuts and 
bolts of the litigation process. The physician learns exactly 
the nature of the charges being advanced by the patient and 
what steps will be necessary to defend against the claims. 
In Michigan, the defendant physician will get some early 


‘In some states, such as Michigan, a Notice of Intent to File Claim (NOI) 
must be served before a formal complaint may be filed with the Court. 
An NOI puts potential defendants on notice that a case may be filed. 
By law, a claimant must wait approximately 6 months after serving the 
NOI before proceeding to a court action by filing a legal complaint. 
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inkling of the specific claims of malpractice being brought, 
as the plaintiff must file an affidavit of merit with the 
complaint. This affidavit must be executed by a similarly 
trained and certified physician who is prepared to testify as 
an “expert” witness that the defendant physician commit- 
ted professional negligence. The entire scope of the expert’s 
opinions, however, does not materialize until the witness 
is actually deposed. It is during the deposition of the expert 
that the attorneys are given, relatively speaking, free rein to 
delve into the bases of the expert's opinions and to exam- 
ine the expert's background and training to verify whether 
the expert has adequate credentials and/or the adequate 
background to testify in the case. 

Before depositions of experts can be completed, the 
defendant physician must undergo his or her own depo- 
sition. Short of trial, this is typically the most difficult 
part of the litigation process for a physician. A physician 
must be very well prepared for his or her deposition testi- 
mony, as such testimony usually only can “lose” a case and 
rarely ever results in one getting dismissed. It is therefore 
imperative that the pertinent medical records are reviewed 
in great detail prior to the physician’s deposition and that 
the physician meet with the attorney well in advance of the 
deposition to ensure a comfort level for both the physician 
and the attorney. With the expense involved in litigating 
medical malpractice actions, the defendant physician can 
fully expect the plaintiffs attorney to be well prepared for 
the deposition, which makes it crucial that the physician 
not take the procedure lightly. While the actual process 
one must undertake to get ready for a deposition could fill 
another chapter, suffice it to say, the more prepared one is 
for grueling questioning, the better off the defense of the 
case will be. Remember, the plaintiff's attorney is not only 
listening to your every answer; she is also sizing you up 
to determine just how well you will present before a jury 
and exactly how you will handle yourself under difficult 
circumstances. 

Having survived the deposition process, it may appear 
that your case has suddenly disappeared; do not be mis- 
led. The lull in the action is only due to the fact that your 
attorneys are now turning their sights toward taking the 
discovery of either other defendants or the plaintiffs expert 
witnesses. This process can usually take several months 
and only makes it appear as if nothing is moving. 


Expert Witnesses 

In a medical malpractice action in Michigan, as is true in 
virtually every state, the plaintiff must secure medical expert 
testimony in order to advance the case before a jury.> That 


‘In most states, the defendant physician is not necessarily required to 
secure an independent expert to testify on her behalf at trial as the defen- 
dant physician is considered an expert in her own right. As a practical 
matter, however, defense counsel almost always retains an independent, 
similarly situated physician to assist in the defense of the claim. 
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is to say, before a jury can actually decide the merits of the 
case, the plaintiff must present expert testimony that the 
defendant physician breached the standard of care dur- 
ing the treatment of the patient and that that breach was a 
cause of injury to the plaintiff. This testimony is required 
because the typical jury does not, as a whole, have the req- 
uisite knowledge to decide intricate questions of medical 
treatment without the assistance of a qualified expert wit- 
ness. Just what constitutes a qualified expert witness is a 
matter of discretion for the trial judge and is one of the 
“human elements” that make litigating a case more diffi- 
cult. For instance, the judge may have a more liberal inter- 
pretation of what the expert needs to be “qualified,” which 
can be frustrating to the defendant. 

Because there are no standard rules regarding what is 
“proper” expert testimony, the use of expert witnesses in 
medical malpractice cases has become a main source of 
contention for many advocates of medical malpractice 
tort reform. As filings of medical malpractice lawsuits have 
increased throughout the country, the provision of expert 
witness testimony has become very lucrative for physi- 
cians across all medical disciplines. As a result, proponents 
of tort reform argue that because of the ease at which an 
expert can be retained to offer expert testimony on a medi- 
cal malpractice claim, it is increasingly easier for plaintiffs 
to bring such claims, exacerbating the medical malpractice 
crisis in the United States. Thus, while theoretically the par- 
ties should get well-trained, credible, and reliable experts 
to testify, this is not always the case. 

As a practical matter, proposed expert witnesses are 
not always bound by their ethical and moral obligations. 
Because the standard of care is, in most circumstances, nei- 
ther codified nor objective in nature, there may be wide 
disagreement as to what really constitutes the “standard of 
care.”° For the most part, experts, while genuine in their 
opinions, will oftentimes confuse their own practice, or 
what they believe the practice should be, with a national 
standard of care. For instance, while it is inappropriate fora 
physician in Michigan to testify about the standard of care 
in relation to what he or she does or does not do in their 
practice personally, many experts do just that. Because it is 
difficult to verify oft-stated, sweeping generalizations made 
by an expert that their opinions “are common knowledge,” 
“may be heard at any meeting,” or “can be readily found in 
the literature,” the defendant physician may risk that a jury 
will simply accept unsupported statements as true because 
they do not possess the requisite knowledge of the sub- 
ject matter. While steps can be taken to hold an expert's 
feet to the fire on certain medical issues, a liberal judge or 


‘In Michigan, the standard of care is defined as what an ordinary 
board certified physician would do or not do under like or similar 
circumstances. Patelczyk v Olson, 95 Mich App 281, 283; 289 NW2d 
910 (1980). 
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sympathetic jury may be persuaded by an expert who does 
little else but sit in an office and testify against physicians. 

Indeed, there are a few physicians who rely heavily on 
the income derived from testifying against physicians. It is 
highly lucrative, and the physician is at little risk for reper- 
cussions. Experts on behalf of the plaintiff will typically 
testify against physicians outside of their state, which gives 
them a comfort level that they would not ordinarily enjoy 
if they were testifying against a local colleague. 

Progress has been made to limit and correct some of 
these problems. Various medical organizations have 
established their own ethical guidelines for expert wit- 
ness conduct. For example, the American Academy of 
Otolaryngology-Head and Neck Surgery sets forth that an 
expert witness to a medical malpractice action should not 
adopt a position as an advocate or partisan in the legal pro- 
ceedings; should review all the appropriate medical infor- 
mation in the case and testify to its content fairly, truthfully, 
and objectively; should review and be thoroughly familiar 
with the relevant standards of practice and medical litera- 
ture prevailing at the time of the occurrence and limit their 
testimony to their areas of expertise; should be prepared 
to state the basis of the testimony presented and whether 
it is based on personal experience, specific clinical refer- 
ences, or a generally accepted opinion in the specialty field; 
should be compensated at a rate that is reasonable and 
commensurate with the time and effort given in prepara- 
tion for testifying and should not link their compensation 
to the outcome of the case; and should be aware that tran- 
scripts of their deposition and courtroom testimony are 
public records, subject to independent peer review (12). 

Stringent ethical guidelines, such as the ones imposed by 
the American Academy of Otolaryngology-Head and Neck 
Surgery, help ensure that expert witness testimony offered 
in medical malpractice actions is scientifically truthful and 
founded in reliable and universally recognized method- 
ologies. These guidelines protect the equitable nature of 
the civil litigation process and hold accountable expert 
witnesses who proffer less than truthful medical opinions 
under oath. 

While individual societies are trying to take steps to 
reign in unreliable testimony, it is not likely to vanish 
entirely. What constitutes the standard of care is simply too 
subjective in many instances, and the lines of what consti- 
tutes an exercise of judgment and what constitutes medical 
negligence are often blurred. The important thing to note 
is that the defendant physician should try to avoid taking 
any such criticisms personally and should consider the 
source of those opinions when applicable. 


The End Game: Settle or Not to Settle 

Once discovery has been completed in a particular case, 
counsel will begin the process of a cost-benefit analysis of 
whether a case should, or even can, proceed to trial. This is 
usually the most difficult part of the case for the defendant 
physician. The defendant is faced with a Hobson’s choice 
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of either grinding it out in trial, with no guarantee of suc- 
cess, or suffer the ignominy of “caving in” to the plaintiffs 
demands. While those views represent opposite ends of 
the emotional continuum, the defendant physician experi- 
ences these pangs of emotion when deciding what to do. 

Before the physician arrives at a decision about settle- 
ment versus trial, counsel must first do a complete analysis 
of the case to determine whether from a factual and legal 
standpoint, there is a good chance of prevailing at trial. 
To that end, counsel will analyze all of the opinions of the 
defendant physicians, the subsequent treating physicians, 
and the expert witnesses. Counsel will take into account the 
jurisdiction (where the case is located), the judge involved 
in the matter, the attorney who is representing the plain- 
tiff, and, perhaps most importantly, the presentation of the 
client himself. While having excellent experts and a great 
judge on a case is extraordinarily helpful, those factors may 
pale in the face of a tentative witness, who also happens to 
be the defendant. Juries often look to the parties, that is, 
the plaintiff and the defendant physicians, in order to for- 
mulate a decision about the case as, oftentimes, they have 
heard polar opposite testimony from the experts on the 
question of whether the defendant breached the standard 
of care. So, while a case may be extraordinarily “defensible,” 
it may be impossible to move forward with trial because of 
the personality or fortitude of the defendant physician. 

Similarly, many physicians simply cannot afford to be 
out of the office for several days or several weeks while a 
trial is being conducted. Trials are typically a session of 
consecutive days until completion and often take all day 
to attend. It is easy to “fight to the death” on a case when 
your physical presence is not needed leading up to trial 
and your own time and assets are not at risk because your 
insurance dollars are paying all of the discovery costs and 
expenses. But when trial is imminent, hard decisions need 
to be made. It is only when the defendant traverses the 
“courthouse steps” that either backbones stiffen or knees 
buckle. Consequently, settlements may be made strictly 
from a convenience or emotional standpoint, as opposed 
to on the merits of a case. 

Another major reason why cases typically will not pro- 
ceed to trial is that the defendant physician simply cannot 
stand the process emotionally. Indeed, it is very difficult 
to sit through days, if not weeks, watching a parade of wit- 
nesses criticizing your every action. Further, the inability to 
understand the procedural machinations of the court can 
sometimes make matters extraordinarily frustrating. As a 
result, it is the rare physician who will take that trip to trial 
on more than one occasion. 

Once it is determined that you want to move forward 
with trial, new anxieties arise. The question of “How can 
a jury of lay people possibly understand the medicine and 
decide in my favor?” is a common concern. Indeed, this 
fear is often the major reason to settle a case. It is here that 
counsel must ensure that the issues presented in the case 
are concise, relevant, and put into language that the jury 
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can understand. For the most part, juries can be trusted 
to understand the issues presented in a medical malprac- 
tice action and with the proper preparation on the part of 
defense counsel, a jury will typically make an informed 
decision. 

If a defendant physician does in fact decide to go to trial, 
he must be prepared to enter an entirely different world 
and face a process that can be potentially grueling and 
involves going to court on consecutive days until the case 
is complete. One of the first steps of trial that a physician 
will witness is jury selection. Initially, a group of individu- 
als, called the veneer, are brought into the courtroom and 
prospective jurors are selected randomly to hear the case. 
Before the jury is sworn in, the attorneys and the judge will 
ask questions to determine whether any of the potential 
jurors have any biases or prejudices that would render them 
incapable of arriving at a fair verdict. This process is known 
as voir dire. Once the jury is impaneled, the parties pro- 
ceed to opening statements and then evidence is produced, 
hopefully, in a reasonable fashion. Once all of the evidence 
has been heard, both sides have rested, and plaintiff has 
met his burden of proof to present a prima facie case of neg- 
ligence, the jury is charged by the court to decide the case. 
The jury then deliberates in private and renders a verdict. 

This brief overview of the trial process encapsulates 
what can amount of many weeks worth of events and also 
is based on the assumption that all the parties involved in 
the process will be reasonable. More often than not, that 
is not the case, as in the adversarial setting of a courtroom 
it is the opponent's job to be unreasonable. Furthermore, 
some judges, possessing littlke more than a rudimentary 
understanding of the medical issues involved, sit and 
decide important evidentiary issues. Fortunately, the jury 
decides “guilt” or “innocent”; however, this may provide 
little comfort to the physician in the hot seat. 

As if 2 years of litigation culminating in a long drawn- 
out trial were not enough, if the physician prevails, the 
plaintiff has the option to appeal. Depending on the 
state in which the case sits, the appellate process may take 
another additional 1 to 4 years. After sweating it out for this 
period, the appellate court could overturn your hard-fought 
win and require you to relitigate your case. Thus, given the 
many unknowns that are associated with trial, physicians 
and their insurance carriers will look closely at each of the 
factors involved with a case to determine the best course. 

On the other hand, the consequences of settling the case 
are a bit clearer. First, the case has ended completely with 
no chance of it hanging over the defendant’s head ad infi- 
nitum. A release and settlement agreement is entered into, 
which, in some cases, allows for a confidentiality agree- 
ment; that is, the terms of the case cannot be discussed 
by any of the parties. Also, the physician is not admitting 
negligence by entering into a settlement agreement, only 
resolving a “disputed” claim. The only real cost with this 
course of action is a mandatory report to the National 
Practitioner Data Bank and perhaps a wounded ego. While 
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this is not necessarily desirable, settlement at least allows 
the physician to move forward without protracted litiga- 
tion hanging over her head. 


Medical Malpractice Insurance 

Because of the risks associated with litigation noted above, 
along with the sheer number of malpractice claims filed 
annually in the United States, it is not surprising that pro- 
fessional liability insurance has, and should, become a 
high priority for most practicing physicians and health care 
professionals. Professional liability insurance can serve a 
number of goals, the most important of which is the pro- 
tection of a physician’s personal and professional assets 
and the provision of legal support if a lawsuit is initiated. 
While most states legally require a physician to purchase a 
minimum amount of professional liability insurance, there 
are various other components to consider when deciding 
what type of coverage best fits a physician’s specific needs. 

Certain elements affect how much professional liability 
insurance a physician requires, including the physician’s 
practice area, whether his state requires a minimum level of 
coverage and whether the physician is willing to jeopardize 
his personal assets if his level of coverage is insufficient. 
Once it has been determined exactly what a physician’s 
unique needs are, it is then important to evaluate poten- 
tial professional liability insurance carriers based upon the 
levels of protection that they offer against lawsuits, their 
financial solvency, their process for handling specific medi- 
cal malpractice claims, and the type of coverage they offer. 

Professional liability insurance carriers often offer one 
of two types of coverage: an occurrence policy or a claims- 
made policy. An occurrence policy offers protection from 
losses, which occurred while the policy was in effect, or 
during the policy term. Furthermore, an occurrence policy 
will continue to cover those losses any number of years in 
the future, even if the policy has since expired. For example, 
if a physician buys an occurrence policy in 1999 and ter- 
minates the policy in 2009, he will be covered for any inci- 
dent of alleged malpractice that occurred in that period of 
10 years, even if he is sued for such an incident in 2012, well 
after the occurrence policy has expired. Essentially, with an 
occurrence policy, a physician is covered for any incident 
that occurred during his or her policy term, no matter when 
he or she is sued. Occurrence policies are especially attrac- 
tive to physicians because often evidence of alleged medical 
malpractice is not discovered until many years in the future 
and occurrence policies allow physicians to remain pro- 
tected from any potential undetected exposure. Occurrence 
policies are, however, typically more expensive than a tradi- 
tional claims-made policy, due to their permanence. 

A claims-made policy is also another viable option for 
professional liability insurance coverage. Claims-made 
policies differ from occurrence policies in that they offer 
protection from claims made during a specific time period. 
A claims-made policy must continually be renewed from 
the time of the alleged incident to the time the claim is 
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filed, and when a claims-made policy expires, a physician 
no longer has coverage in the future for alleged incidents 
of malpractice that occurred in the past. For example, if 
a physician purchases a claims-made policy in 1999 and 
renews it until 2009, at which point the physician allows it 
to expire, the physician will not be covered from a poten- 
tial claim that is brought in 2011, even if the alleged act of 
malpractice occurred in 2006, when he or she had claims- 
made coverage. 

In order to reduce their risk of liability exposure, phy- 
sicians with claims-made policies will often purchase 
what is called tail coverage. Tail coverage serves to cover 
losses that occur after a claims-made policy has expired. 
Functioning much like an occurrence policy, tail coverage 
protects a physician from claims made after the expiration 
of the claims-made policy, but which occurred while the 
policy was effective. For example, a physician purchases a 
claims-made policy in 2002, which he renews until 2004, 
at which point he allows it to expire. He then purchases a 
tail policy in 2004, which protects him from any claims 
brought against him during the 2002-2004 time frame 
during which the physician was insured. 

The primary difference between tail coverage and an 
occurrence policy is that when an occurrence policy expires 
or is terminated, the physician is no longer required to pay 
premiums on the policy and yet, will continue to have 
coverage for any losses that occurred during his or her pol- 
icy term. With tail coverage, the physician must continue 
to pay premiums until he or she no longer wishes to have 
protection from incidents that may have occurred during 
the time the physician’s claims-made policy was in effect. 

The decision whether to purchase claims-made or tail 
insurance is a complicated one, which should take into 
account your particular needs and exposure risks. Claims- 
made policies offer physicians great flexibility because they 
are renewed annually, allowing an individual to revise or 
change his insurance coverage. Furthermore, claims-made 
policies are portable and may be transferred between insur- 
ance carriers, while occurrence policies remain with their 
original carriers, as they are permanent. Occurrence poli- 
cies, however, are not without their advantages. An occur- 
rence policy offers protection ad infinitum, is not required 
to be renewed, and does not require the additional pur- 
chase of supplemental or tail coverage. 

Finally, it is important to consider that in the context of 
medical malpractice professional liability insurance, a physi- 
cian’s insurance premiums may be covered by the hospital or 
practice group that employs him. Typically, in such instances, 
this coverage is made on a claims-made basis. Therefore, if 
the physician is then to leave the hospital or practice group 
for other employment, it is critical that he purchases tail cov- 
erage to protect against any potential liability that may have 
occurred while working for his former employer. 

No matter the type of insurance coverage a physician 
chooses to purchase, a physician’s protection of his per- 
sonal assets must be a top priority, particularly in light of 
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the fact that a physician may be personally liable for any 
portion of a judgment or settlement in excess of his pro- 
fessional liability insurance coverage. After the lengthy and 
expensive process of obtaining a medical license, a physi- 
cian must utilize every asset protection strategy available 
to him to protect his livelihood, including sound tax and 
estate planning and low-risk financial investments. 

Asset protection strategies can be easily implemented 
by a physician with little expenditure of time or effort. For 
example, a physician can maximize his contributions to his 
IRA or other qualified employee benefit plan, which are typi- 
cally shielded from claims of creditors. Various life insurance 
arrangements may also be considered, as many jurisdictions 
exempt all or part of the cash value of a life insurance pol- 
icy from creditor claims. It is also critical to hire an expe- 
rienced estate planner, who can suggest trust arrangements 
that offer significant asset protection and may provide some 
protection from the claims of creditors, and a knowledge- 
able accountant or tax expert, who will suggest methods by 
which to protect assets from various taxing authorities. 

While maintaining insurance to protect personal assets 
is the overreaching goal to the insured, there are other 
avenues of insurance coverage, which, if appropriately 
managed, provide security and could ultimately produce 
income. Offshore captive insurance groups have become 
very popular with large health systems and large physi- 
cian groups. Essentially, offshore captives are developed 
and owned off of the US borders by the insured parties. 
The captives are subject to the insurance laws of the coun- 
try of domicile and are not formally required to adhere 
to US insurance regulations, like a typical domestic or 
US-domiciled company. 

The upside for ownership interest in a captive is a poten- 
tial return on your premium dollars. Instead of paying a 
local insurance company tens of thousands of dollars in pre- 
miums—money that will never be recouped—these insur- 
ance dollars may be placed in a captive, where theoretically, 
those dollars will grow, ultimately leading to distributions 
or, at least, a tangible asset. It is important to understand, 
however, that in order for these entities to become viable 
and, later, profitable, they must be well capitalized and very 
well managed—usually with outside underwriters, actuar- 
ies, and financial advisers. A well-run offshore captive can 
turn a liability, insurance premiums, into an asset. 

On the other hand, an undercapitalized or poorly man- 
aged captive can be a physician’s worst nightmare. Poor plan- 
ning, reckless underwriting, or fraud can spell doom for the 
captive and could result in zero insurance protection to the 
Participating physician for a period of time. Just to litigate 
a medical malpractice case up to the time of trial can cost 
upward of $200,000.00. This figure does not include trial 
costs, appeals, or a possible verdict, which can be staggeringly 
expensive. Stated simply, a lack of insurance could result in 
bankruptcy, humiliation, and a possible legal investigation. 

The physician just beginning practice should ask many 
questions if his or her new group owns its own insurance 
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company and obtain counsel if necessary—as this could 
make the difference between entering into a practice with 
a viable, sound captive and entering into a practice with a 
poorly managed captive destined for failure and economic 
ruin. 


Tort Reform 


Theory 

In response to the above-mentioned criticisms of medical 
malpractice litigation and the medical malpractice crisis of 
the 1970s and 1980s, physicians and malpractice insurance 
carriers began to lobby heavily for changes to reduce medi- 
cal malpractice tort liability. Proponents of medical mal- 
practice tort reform argued that as a result of changes to laws 
governing medical malpractice claims and their associated 
awards, malpractice insurance premiums would decrease. 
They further argued that lower insurance premiums for 
health care providers would increase the number of practic- 
ing physicians, lower the costs of health care for consumers, 
and result in an overall improvement in available medical 
care. These arguments obviously struck a chord in state leg- 
islatures throughout the country because by the mid-1980s, 
medical malpractice tort reforms had been widely adopted. 
It is important to note that while medical malpractice 
reform legislation was introduced at both the state and fed- 
eral levels, as will be discussed below, attempts to pass real 
reform have taken hold on the state level, while attempts at 
passing federal legislation have been unsuccessful. 

Typically, medical malpractice tort reform at the state 
level has focused on legislative reforms to the general doc- 
trines of tort law, such as rules governing punitive dam- 
ages, noneconomic damages, collateral sources, and joint 
and several liability (13). These doctrinal reforms have 
had varying degrees of success throughout the nation, with 
some reforms being widely adopted across all jurisdictions, 
and others being less enthusiastically received. 

State laws capping noneconomic damages have been 
just one of the legislatively implicated medical malprac- 
tice tort reforms. Advocates of tort reform argue that non- 
economic damages are arbitrary and unpredictable and, 
as such, complicate the settlement process. Further, it is 
argued that losses for emotional distress and pain and suf- 
fering are intangible and exceedingly difficult to assign a 
dollar value. Currently, over 30 states have caps on non- 
economic damages as applied to medical malpractice 
actions.” These limitations on noneconomic damages 


*States with noneconomic damages caps include Alabama, Alaska, 
California, Colorado, Florida, Georgia, Hawaii, Idaho, Ilinois, 
Kansas, Maine, Maryland, Massachusetts, Michigan, Minnesota, 
Mississippi, Missouri, Montana, Nevada, New Hampshire, North 
Dakota, Ohio, Oklahoma, Oregon, South Carolina, South Dakota, 
Texas, Utah, Washington, West Virginia, and Wisconsin. American 
Tort Reform Association, http://atra.org/issues/index.php?issue=7338 
(Last visited Dec. 6, 2010). 
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vary across jurisdictions: some states employ caps on 
both economic and noneconomic damages in medical 
malpractice awards; some states apply noneconomic dam- 
age caps only to certain types of malpractice claims, such 
as obstetrics; and other states allow for increased recov- 
ery in particular scenarios, such as where the patient has 
died or has substantial physical injury (14).* Typically, the 
limit on noneconomic damages varies on a state by state 
basis, with caps on damages ranging from $250,000 to 
$500,000 (14). 

The tort law concept of joint and several liability has 
also undergone significant tort reforms in the context of 
medical malpractice claims. Traditionally, joint and sev- 
eral liability allows a plaintiff, who has been injured by 
two or more wrongdoers, to recover the full amount of his 
damages from any one of the defendants that may have 
been involved in the tortious conduct. This has historically 
resulted in an injured party seeking damages against the 
defendant with the most financial resources. A party sued 
under a theory of joint and several liability may then seek 
contribution from the additional parties at fault, so that the 
other defendants have to share in the payment of damages. 
Oftentimes, however, contribution cannot be achieved 
because the additional at-fault parties lack the financial 
means to contribute. As a result, proponents of tort reform 
argue that joint and several liability is an inequitable con- 
cept because one defendant, generally the defendant with 
the most financial resources, is required to pay damages in 
an amount considerably more than his share of the total 
liability. This criticism has caused over 40 states to enact 
tort reforms to the joint and several liability system, either 
outright abolishing joint and several liability or requiring 
an individual defendant to pay an amount of damages pro- 
portionate to his share of the overall fault (15).° 


States Where Tort Reform Has Been Enacted 

Michigan serves as an illustrative example of how the 
specific states have addressed medical malpractice tort 
reform in an attempt to deal with the modern medical 
malpractice crisis. In recent years, Michigan has passed 
sweeping legislation curtailing frivolous litigation in the 
context of medical malpractice. For example, in 1986 the 
state passed a rule allowing a court to assess attorneys’ 


SCompare Monr. Covt Ann. § 25-9-411 (2005) (cap of $250,000), with 
N.D. Cunr. Cops § 32-42-02 (1996) (cap of $500,000). 

°*States with such reforms include Alaska, Arizona, Arkansas, 
California, Colorado, Connecticut, Florida, Georgia, Hawaii, Idaho, 
Ulinois, Indiana, lowa, Kansas, Kentucky, Louisiana, Massachusetts, 
Michigan, Minnesota, Mississippi, Missouri, Montana, Nebraska, 
Nevada, New Hampshire, New Jersey, New Mexico, New York, North 
Dakota, Ohio, Oklahoma, Oregon, Pennsylvania, Rhode Island, South 
Carolina, South Dakota, Tennessee, Texas, Utah, Vermont, Virginia, 
Washington, West Virginia, Wisconsin, and Wyoming. American Tort 
Reform Association, http://atra.org/issues/index.php?issue=7345 (Last 
visited Dec. 6, 2010). 
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fees and costs for filed actions that are perceived as frivo- 
lous (16). In 1993, Michigan also enacted noneconomic 
damages caps in medical malpractice actions, limiting 
the award of noneconomic damages in medical liability 
cases to $280,000 for ordinary occurrences and $500,000 
in cases where the plaintiff has suffered serious damage 
to the brain, spinal cord, or reproductive organs (16). 
In 1995, the state passed a reform to the rule of joint 
and several liability, barring the application of joint and 
several liability in the recovery of all damages, except in 
cases of medical malpractice where the plaintiff is deter- 
mined to have no allocation of fault (16). The Michigan 
state legislature additionally passed reforms to the col- 
lateral source rule in the context of medical malpractice 
litigation (16). Prior to passage, the collateral source rule 
prohibited the presentation of evidence at trial that an 
injured party has received compensation for his losses 
from another source, such as an insurance policy. The col- 
lateral source rule reform passed by the state of Michigan 
as part of the overall medical liability reform package 
now provides that medical malpractice awards be offset 
by the amount of collateral source payments received by 
the plaintiff (16). 

Through the adoption of comprehensive medical mal- 
practice tort reform, Michigan has done what many other 
states have wished to achieve: the near-total elimination 
of all medical malpractice litigation. Indeed, reform began 
to gain traction in Michigan in the early 2000s following 
a series of conservative holdings by the State’s Supreme 
Court strictly interpreting the key medical malpractice 
reform statutory provisions. Reports from the State of 
Michigan Office of Financial and Insurance Regulation 
(OFIR) demonstrate that reported claims” for the period 
2000-2007 show a 77% decrease in court filings (1,142 in 
2000 to 263 in 2007). This is a significant drop in cases, 
which has resulted in a modest drop in insurance premi- 
ums. Nonetheless, as will be discussed in the “Compliance 
and Regulatory Issues” section of this article, health care 
costs have not declined. Contrary to assertions that less liti- 
gation will protect physicians from the constant threat of 
second-guessing from their patients who have obtained a 
less than optimal result, health care costs and unnecessary 
testing has continued to rise." 


Stars OF MICHIGAN OFrICE OF FINANCIAL AND INSURANCE REGULATION, 
EVALUATION OF THE MiciiGAN MepicaL ProressioNAL Liasittry INSURANCE 
Marker (October 2009). Although the OFIR report includes only those 
entities that filed a “Form A” notice and does not include many filings 
against self-insured captives insuring many hospitals and physicians in 
Michigan, the study is still a good indication of the percentage decline 
throughout the entire state. 

"Interestingly, although the American Medical Association and other 
physician organizations wanted substantive medical malpractice 
reform to avoid “defensive medicine,” no such reforms were seriously 
considered in the recent health reform debate—a debate where rising 
health care costs was the impetus for the resultant enacted legislation. 
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Despite the adoption of the above-mentioned tort 
reform measures throughout a variety of US jurisdictions, 
tort reform has yet to gain momentum on a federal level. 
Attempts at passing federal legislation restricting medi- 
cal malpractice liability have failed since the 1970s, when 
federal tort reform was proposed in response to the first 
modern medical malpractice crisis. While contemporary 
presidents and politicians have campaigned for the adop- 
tion of far-reaching federal tort reform, all have failed in 
their efforts. In 2004, President George W. Bush proposed 
tort reforms affecting the liability exposure of physicians 
and drug and medical equipment manufacturers; however, 
opposition in the U.S. Senate prevented the enactment of 
this federal legislation (17). Additional proposals made 
in 2005 sought to cap noneconomic damages in medi- 
cal malpractice actions, restrict the availability of puni- 
tive damages, restrict the statute of limitations for medical 
malpractice suits, and limit contingency fees collected by 
plaintiffs’ attorneys in jury awards (18). Again, this federal 
legislation failed to get out of Congress. 

With efforts at federal tort reform legislation stalled, it 
is impossible to determine the effect federally implicated 
restrictions on medical malpractice liability would have 
on overall national health care costs. It is, therefore, criti- 
cal to consider whether medical malpractice tort reform at 
the state level has achieved the movement's stated goal: to 
reduce health care expenditures. 


Relationships between Medical Malpractice 
Litigation and Health Care Costs 


Impact on Rising Health Care Costs 

One of the greatest criticisms leveled at the medical mal- 
practice tort system is that the defense of medical malprac- 
tice actions needlessly increases the costs of health care in 
the United States. Medical malpractice tort reform advo- 
cates have long argued that the ever-present threat of litiga- 
tion forces health care providers to charge higher rates to 
offset the costs of rising malpractice insurance premiums 
as well as promotes the practice of defensive medicine, 
which is defined as the overuse of diagnostic testing and 
health services in order to minimize a physician’s liabil- 
ity exposure. The contention that medical malpractice tort 
reform is the soundest means by which to stabilize mal- 
practice insurance premiums and generally lower health 
care costs, however, remains a controversial stance among 
both the legal and medical communities. 

Much of the research conducted on the medical liability 
system suggests that in actuality, costs surrounding medi- 
cal malpractice litigation are a small fraction of overall 
health care spending in the United States. Per the National 
Association of Insurance Commissioners, the overall cost 
of defending medical malpractice claims and compensat- 
ing victims of medical malpractice in 2007 was estimated 
at $7.1 billion, a mere 0.3% of the annual health care costs 
for that year (19). Even when these figures account for the 
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use of defensive medicine, as well as the expense of defend- 
ing medical malpractice claims and compensating plain- 
tiffs, the total costs associated with medical malpractice 
litigation are modest relative to overall health care spend- 
ing. In 2008, the annual medical malpractice tort system 
costs, which included the costs of defensive medicine, were 
estimated to be $55.6 billion, or 2.4% of the total health 
care costs for the year (20). 

If recent statistics appear to reflect that the cost of medi- 
cal malpractice litigation does not have an overwhelming 
effect on the overall cost of health care spending, then 
why have rising health care costs been routinely evoked to 
demand the adoption of medical malpractice tort reform? 
The answer may lie with the perception perpetuated by 
insurance and health care provider lobbyists alike: that 
the practice of defensive medicine, as well as increased 
malpractice insurance premiums, is the direct result of 
increased medical malpractice litigation. Empirical evi- 
dence has shown, however, that malpractice insurance 
premiums are much less affected by medical malpractice 
litigation than commonly believed and that the costs of 
defensive medicine are often exaggerated. 


Insurance Premiums 

During the previously mentioned cycles of medical mal- 
practice crises in the United States, malpractice insurance 
premiums have generally risen dramatically. Advocates of 
medical malpractice tort reform point to these premium 
increases as evidence that medical malpractice claims drive 
the rising cost of health care. While there is no question 
that rising insurance premiums place an additional finan- 
cial burden on physicians seeking malpractice coverage, 
premium rates are not based solely, or even in large part, 
upon medical malpractice claim or settlement payouts 
(21). This is because most insurance companies’ profits are 
not generated from the premiums they receive from their 
insured physicians (21). Most malpractice insurance car- 
riers face a delay between the time they receive premium 
payments from their insured physicians and the time they 
have to pay out medical malpractice claims. Due to this 
delay, many insurance companies invest the premiums 
they receive in bonds or other financial securities (21). It is 
the return on these investments, not malpractice insurance 
premiums, that generates an insurance company’s profits. 
Therefore, even if the number of malpractice claim payouts 
an insurance company makes is stable, the company may 
still be forced to raise premiums if their investments fail to 
yield adequate returns (21). 

In addition, premiums do not only represent a malprac- 
tice insurer's indemnification costs. Malpractice insurance 
premiums represent a variety of costs assumed by an insur- 
ance company and passed on to their insured physicians. 
These costs may include a company’s estimated indem- 
nification costs, defense costs, operating fees, reinsurance 
costs, and profit or surplus building (22). Tort reform 
opponents argue that even with legislature in place to limit 
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jury awards or settlements in medical malpractice actions, 
rising insurance premiums would still be a financial hard- 
ship faced by the medical community, as the underwrit- 
ing cycle and malpractice premiums are affected by much 
more than the threat of medical malpractice litigation. 

Research performed in states that have enacted tort 
reform in the context of medical malpractice litigation also 
indicates that rising malpractice premiums are not tied to 
an influx of medical malpractice filings. In 1986, the state 
of Florida enacted medical malpractice tort reforms; how- 
ever, despite this legislation, malpractice premiums in the 
state have increased on average from 30% to 50% since 
2000 (23). In 2003, Florida, after a second bout of tort 
reform measures, experienced an increase in insurance pre- 
mium rates by as much as 45% (23). 

This empirical evidence challenging the connection 
between tort reform and malpractice premiums is not just 
limited to the state of Florida. In 1995, the state of Texas 
passed legislation limiting the amount of punitive dam- 
ages available in jury awards (24). Despite this measure, 
insurance premiums in the state continued to increase. 
These statistics cast doubts on the claim that tort reform is 
the most effective way to manage skyrocketing malpractice 
premium rates and reduce overall health care costs. 


Defensive Medicine: Real or Imagined? 

Tort reform proponents also typically cite the rise of defen- 
sive medicine as the other major negative residual effect 
of medical malpractice litigation. Those favoring medical 
malpractice tort reform argue that litigation-weary phy- 
sicians order unnecessary and exhaustive tests on their 
patients, which, in turn, drives up the cost of health care. 
Empirical evidence appears to suggest, however, that both 
the impact and the prevalence of defensive medicine have 
been overstated. 

Much of the support for the proposition that the prac- 
tice of defensive medicine is the costly offshoot of medi- 
cal malpractice litigation comes from a controversial 
1996 study conducted by two Stanford University econo- 
mists, Daniel Kessler and Mark McClellan. In this study, 
the economists analyzed the costs of care for hospitalized 
elderly Medicare patients with heart disease in states both 
with and without medical malpractice tort reforms (25). 
Based on their findings, Kessler and McClellan concluded 
that tort reforms resulted in hospital costs savings of 5% 
to 9% (25). The economists then applied these findings 
to the entire health care system, hypothesizing that tort 
reform could lead to a reduction of over $50 billion annu- 
ally in health care expenditures (25). Tort reform support- 
ers used this study to buttress their claim that without the 
ever-looming fear of litigation, physicians are freer to order 
fewer diagnostic tests, which, in fact, reduces their medical 
spending and lowers overall health care costs. 

While Kessler and McClellan’s findings became vindi- 
cation for advocates of medical malpractice tort reform, 
subsequent research has criticized many of the hypotheses 
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contained within the study. In 2003, the U.S. Government 
Accountability Office (GAO) issued a statement question- 
ing the applicability of Kessler and McClellan’s findings to 
the entire health care system (26). The GAO’s report argued 
that due to the limited scope of the study and its examina- 
tion of patient behavior in the specific clinical situation of 
elderly patients with cardiac issues, “the study results can- 
not be generalized to estimate the extent and cost of defen- 
sive medicine practices across the health care system.” (27) 
The report also concluded that while members of the med- 
ical community admitted that defensive medicine exists to 
some degree, the instance of its actual practice is extremely 
difficult to measure (27). This difficulty in quantifying the 
prevalence of defensive medicine in turn makes it more 
onerous to hypothesize any sort of costs savings for its 
reduction in practice. 

More recent studies performed by the US government 
also reflect the tenuous connection between tort reform 
and its impact on the practice of defensive medicine. A 
2004 study performed by the Congressional Budget Office 
(CBO) applied the methods employed by Kessler and 
McClellan’s study to a wider set of medical ailments (26). 
It was concluded by the agency that there is no evidence 
linking restrictions on tort liability to reduced medical 
spending. A second analysis of the link between defen- 
sive medicine and health care costs performed by the CBO 
additionally confirmed no significant statistical difference 
in medical spending between states with and without med- 
ical malpractice tort limits (26). 

One of the major reasons that medical malpractice tort 
reform has not definitively been found to effectively man- 
age the practice of defensive medicine is because defensive 
medicine has been shown to be motivated by more than 
just a fear of litigation on physicians’ parts. Some behav- 
ior that could be characterized as defensive medicine may 
be motivated more by the increased income additional 
diagnostic testing can generate for physicians, or the ben- 
efits a patient receives from additional testing, and less by 
fears of liability exposure (26). Additionally, it is unclear 
exactly how strongly concerns over medical malpractice 
liability actually affect a physician’s treatment decisions. 
Physicians are highly educated professionals, who have 
to treat a patient’s ailment based on myriad factors and 
considerations. To assume that all physicians require addi- 
tional testing merely due to fears of liability exposure is 
unfounded. 

Medical malpractice tort reform may also do little to 
curtail the practice of defensive medicine because empiri- 
cal evidence seems to suggest that physicians typically have 
high levels of malpractice concern, in states both with, and 
without, tort reform. Research has shown that physicians 
in states with high malpractice risks have reported nearly 
the same level of concern over liability exposure as physi- 
cians in states with the low malpractice risks due to height- 
ened medical malpractice tort reform (28). These results 
appear to be further evidence suggesting that tort reform in 
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the context of medical malpractice may do little to assuage 
physicians’ fears of liability or impact their diagnostic 
behavior in regard to the practice defensive medicine. 


Risk Management 

Although attempts to curtail medical malpractice litiga- 
tion have been undertaken by many states with varying 
degrees of success, it is undisputed that this litigation has 
decreased over the last two decades. No matter the level 
of success in your state at instituting tort reform, how- 
ever, medical malpractice litigation will never disappear 
entirely. As such, every solo practitioner or ENT practice 
group must focus its efforts at reducing risk by establish- 
ing a comprehensive risk management and compliance 
program to improve the safety and quality of the care that 
its physicians and employees provide. A key component of 
any program is the continuous assessment of quality man- 
agement processes with a focus on implementing changes 
where necessary to ensure patient safety and the provision 
of high-quality and accurate medical care. 

While specific areas of risk for otolaryngologists and 
how such risks can be minimized will be addressed later 
within this chapter, the structure of any risk management/ 
quality and performance improvement program will cer- 
tainly vary depending on the size of your particular prac- 
tice group. It is widely accepted that with varying degrees 
of focus, depending on the size and structure of the prac- 
tice or group, any risk management program must include 
the implementation of processes to monitor performance, 
implement change, and meet regulatory requirements in 
the areas of patient safety, process improvement, quality, 
and professional staff education and assessment. 

Importantly, although voluntarily implementing these 
quality-related programs in order to reduce exposure to 
allegations of medical malpractice is necessary for any ENT 
practice or group to succeed, many of these processes are 
required by the very organizations that regulate the otolar- 
yngology profession—thus making such implementation 
of these programs mandatory. 

For example, the American Board of Otolaryngology 
Maintenance of Certification (MOC) program is for dip- 
lomats who are working in their ten (10)-year cycle of 
maintaining their certification. Although the specific 
requirements of the competencies and components of 
each MOC program will depend on an ENT’s particular 
practice area, the MOC program generally evaluates four 
(4) essential competencies on a continuous basis includ- 
ing (a) professional standing, (b) continuing education/ 
self-assessment, (c) cognitive examination, and (d) perfor- 
mance in practice (29). Evaluation of these competencies 
seeks to ensure that high standards of health care quality 
are maintained throughout the ENT practice as a whole, 
and these exacting quality requirements serve to minimize 
exposure to individual physicians from the overall risk 
of medical negligence claims. Other organizations with 
compliance and regulatory quality requirements include 
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the Joint Commission on Accreditation of Healthcare 
Organizations and the Accreditation Council for Graduate 
Medical Education. 

Thus, it is clear that every otolaryngology practice, 
department, or group must focus considerable effort and 
time in the development and maintenance of a compre- 
hensive quality, risk management, and compliance pro- 
gram to improve patient safety and quality of care not only 
for the welfare of patients and to maintain a competitive 
edge but to reduce the ever-present risk of and exposure 
related to medical malpractice. 


COMPLIANCE AND REGULATORY 
ISSUES 


Introduction to Federal Health Care Fraud 
and Abuse Laws 


It is unquestionable that billing and reimbursement have 
become integral parts of the practice of medicine. It is 
also unquestionable that few people would devote at least 
9 years of their lives to become an otolaryngologist with 
the intent to cheat the federal government in their billing 
of medical claims. Various factors, such as greed or care- 
lessness, may contribute to improper behavior by physi- 
cians during their careers, but ignorance of the law need 
not be one of those factors. 

Although maintaining proper financial dealings with 
federal health care programs in the current health care 
environment is part of being a physician, medical schools 
and residency programs do not uniformly teach trainees 
about fraud and abuse. Indeed, in 2010, the Office of the 
Inspector General (OIG) surveyed all medical school deans 
and designated officials for institutions that sponsor resi- 
dency and fellowship programs to determine whether their 
institutions provide education about fraud, waste, and 
abuse; to identify knowledge gaps; and to determine how 
the OIG could best promote education about compliance 
with the relevant laws. The survey revealed that less than 
half of the nation’s medical schools provide instruction on 
fraud and abuse (30). 

Violating the fraud and abuse laws can result in crimi- 
nal penalties; civil fines; exclusion from the federal health 
care programs, which include Medicare and Medicaid; and 
even loss of your medical license by your State Medical 
Board. Thus, a good understanding of the five most impor- 
tant federal fraud and abuse laws that apply to physicians 
is essential. 


Enforcement 


Three federal government agencies are charged with 
enforcing the fraud and abuse laws: the Department of 
Justice, the Department of Health & Human Services 
Office of the Inspector General (OIG), and the Centers for 
Medicare & Medicaid Services (CMS). The five laws include 
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the Physician Self-Referral Law (Stark Law), Antikickback 
Statute (AKS), the False Claims Act, the Exclusion 
Authorities, and the Civil Monetary Penalties Law. 


Physician Self-Referral Law (Stark Law) 

The Physician Self-Referral Law,'* commonly referred to as 
the Stark Law, (a) prohibits a physician from making refer- 
rals of certain designated health services (DHS) payable by 
Medicare or Medicaid to an entity with which he or she 
(or an immediate family member) has a financial relation- 
ship (ownership or compensation) unless an exception 
applies’? and (b) prohibits the entity from filing claims 
with Medicare or Medicaid (or billing another individual, 
entity, or third party payor) for those referred services, 
unless an exception applies. When originally enacted in 
1989, the law applied only to physician referrals for clinical 
laboratory services. In 1993 and 1994, Congress expanded 
the prohibition to include additional DHS. 

DHS now include (a) clinical laboratory services; (b) 
physical therapy, occupational therapy, and speech-lan- 
guage pathology services; (c) radiology and certain other 
imaging services; (d) radiation therapy services and sup- 
plies; (e) durable medical equipment and supplies; (f) par- 
enteral and enteral nutrients, equipment, and supplies; (g) 
prosthetics, orthotics, and prosthetic devices and supplies; 
(h) home health services; (i) outpatient prescription drugs; 
and (j) inpatient and outpatient hospital services. 

Significantly, the Stark Law is a strict liability law, which 
means that proof of specific intent to violate the law is not 
required. If Stark is triggered, and an exception is not met, 
a health care provider will be subject to severe sanctions, 
including denial of filing claims for those referred services, 
civil monetary penalties, exclusion from Medicare and 
Medicaid, and potential False Claims Act liability. 


Antikickback Statute 

The AKS™ makes it a criminal offense to knowingly and 
willfully offer, pay, solicit, or receive any remuneration to 
induce or reward referrals of items or services reimbursable 
by a federal health care program. Where remuneration is 
paid purposefully to induce or reward referrals of items or 
services payable by a federal health care program, the AKS 
is violated. By its terms, the statute ascribes criminal liabil- 
ity to parties on both sides of an impermissible “kickback” 


[42 U.S.C. §1395nn. 

Stark Law contains approximately 35 exceptions that describe 
acceptable financial relationships that allow a physician to refer to 
an entity for the provision of designated health services (42 CFR Part 
411, Subpart J). Some commonly applied exceptions to the Stark Law 
include the exceptions for personal services, bona fide employment 
relationships, physician recruitment, and physicians practicing in 
rural areas and locations designated as Health Professional Shortage 
Areas. Each of the exceptions to the Stark Law has numerous elements 
that must be met in order to qualify for the exception, and care should 
be taken to assure compliance with each of these elements. 

“142 U.S.C. $1320a-7b(b). 
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transaction. For purposes of the AKS, “remuneration” 
includes the transfer of anything of value directly or indi- 
rectly, overly or covertly, in cash or in kind. 

The AKS has been interpreted to cover any arrangement 
where one purpose of the remuneration was to obtain 
money for the referral of services or to induce further refer- 
rals (31). With the passing of the Patient Protection and 
Affordable Care Act (PPACA)’® on March 23, 2010, the 
AKS “intent” element was revised to remove any specific 
intent or actual knowledge of an AKS violation. Thus, one 
does not have to have “knowingly” and “willfully” violated 
the AKS to make the kickback actionable. Violation of the 
AKS constitutes a felony punishable by a maximum fine of 
$25,000, imprisonment up to 5 years, or both. Conviction 
will also lead to mandatory exclusion from federal health 
care programs, including Medicare and Medicaid. PPACA'® 
also expanded the punishment for violation of the AKS 
Statute adding that any AKS violation is now a false claim 
under the False Claims Act, subjecting the provider to civil 
penalties. 

Due to the breadth of the potential application of the 
AKS, the OIG was required to develop “safe harbor” reg- 
ulations designed to protect various payment and busi- 
ness practices because such practices would be unlikely to 
result in fraud or abuse.’” If an arrangement falls outside 
of the safe harbor, it is not per se illegal, but the facts and 
circumstances behind the arrangement must be carefully 
reviewed. The safe harbors set forth specific conditions 
that, if met, assure entities involved that they will not be 
prosecuted or sanctioned for the arrangement qualifying 
for the safe harbor. However, safe harbor protection is 
afforded only to those arrangements that precisely meet all 
of the conditions set forth in the safe harbor. 


False Claims Act 
False Claims Act violations occur when claims are submit- 
ted for payment to Medicare or Medicaid that are false or 
fraudulent. No specific intent to defraud is required. Filing 
false claims may result in civil penalties of not less than 
$5,500 and not more than $11,000 for each claim plus 
three times the programs’ loss. Significantly, each instance 
of an item or a service billed to Medicare or Medicaid 
counts as a claim; thus, the potential fines can add up 
quickly. Moreover, a claim that results from a kickback or is 
made in violation of the Stark Law may also render it false 
or fraudulent, creating liability under the False Claims Act 
in addition to the AKS and the Stark Law. 

The OIG may initiate administrative proceedings to 
impose civil monetary penalties and may also initiate 
administrative proceedings to exclude a party that files a 


Section 6402(f)(2). 

Section 6402(f)(1). 

See 42 CER. § 1001.952. Some safe harbors address personal ser- 
vices and rental agreements, investments in ambulatory surgical cen- 
ters, and payments to bona fide employees. 
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false claim from the federal health care programs. There is 
also a criminal False Claims Act,'* which imposes criminal 
penalties for submitting false claims including imprison- 
ment and criminal fines. 


Exclusion Statute’ 
The OIG is required to exclude from participation in all 
federal health care programs individuals and entities 
convicted of criminal offenses including (a) Medicare 
or Medicaid fraud, (b) patient abuse or neglect, and (c) 
felony convictions for health care-related fraud, theft, 
financial misconduct, unlawful manufacture, distribution, 
prescription, or dispensing of controlled substances. The 
OIG has discretion to exclude individuals and entities on 
several other grounds. In recent years, the OIG has been 
exercising its permissive exclusion power with much more 
frequency in order to combat health care fraud. As of 
January 2011, more than 5,000 physicians were excluded 
from participation in the federal health care programs 
because of these types of violations and cannot treat any 
of the approximately 100 million Medicare and Medicaid 
beneficiaries.”° 

Exclusion from participation in the federal health care 
programs is devastating to any career. The federal programs 
will not pay the provider for items or services furnished, 
ordered, or prescribed. As a result, providers may not bill 
Medicare or Medicaid directly for treating patients nor 
may their services be billed indirectly through their group 
practice. Moreover, once excluded from the federal health 
care programs, it is likely that other third party payors will 
follow suit, disallowing the excluded provider from sub- 
mitting claims for reimbursement. As such, an excluded 
provider will be unemployable as the provider will be 
unable to receive payment for services rendered from the 
federal health programs. Unfortunately for such providers, 
it is impossible to hide from the reality of being excluded 
as the OIG maintains a List of Excluded Individuals and 
Entities on its Web site, which can be found at http://oig. 
hhs.gov/fraud/exclusions.asp. 


Civil Monetary Penalties Law”' 

The Civil Monetary Penalties Law grants the OIG the 
authority to seek civil monetary penalties and, in some 
instances, exclusion, for a wide variety of conduct. 
Violations of the law includes violating AKS, presenting 
claims that the persons knows or should have known is for 
an item or service that was not provided as claimed or is 
false or fraudulent or for which payment may not be made. 
Penalties range from $10,000 to $50,000 per violation 
and, possibly, exclusion from the federal health programs. 


1818 U.S.C. §287. 

42 U.S.C. §1320a-7. 
*°http://healthpolicyandreform.nejm.org/?p=13576. 
742 U.S.C. §1320a-7a. 
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Application of the Laws 


Given that the health care environment has drastically 
changed over the years, physicians of all experience levels 
must understand the fraud and abuse laws and how they 
influence the way medicine is practiced. This is particularly 
true since physicians must understand that they are per- 
sonally liable for claims submitted under their national 
provider identifiers regardless of whether or not they per- 
sonally code or bill the services. Although a physician can 
certainly delegate such tasks from a business and admin- 
istrative perspective, the physician continues to have a sig- 
nificant stake in ensuring compliance. Some physicians are 
surprised to learn that every CMS 1500 form that is sub- 
mitted contains a certification statement wherein the phy- 
sician personally attests that the services were medically 
necessary and that (absent an exception permitted under 
the regulations) he or she personally furnished the service. 

The key to avoiding violations of the fraud and abuse 
laws is to have a clear understanding of how they shape 
and control the three “most common” relationships that 
physicians encounter in their careers: relationships with 
payors (like the Medicare and Medicaid programs), rela- 
tionships with vendors (like drug, biologic, and medical 
device companies), and relationships with fellow providers 
(like hospitals, nursing homes, and physician colleagues). 


Physician Relationships with Payors 

Physicians need to develop and maintain systems in their 
practice to oversee that they are accurately coding and 
billing for services rendered to patients and diligently 
maintaining accurate and complete medical records and 
documentation to support the fact that the services billed 
for were necessary and have actually been provided. 
Physicians must also avoid the misuse of their physician 
and prescription provider numbers and understand the 
strict requirements of the Medicare reimbursement rules as 
a participating or nonparticipating provider. In addition to 
the fraud and abuse implications resulting from poor doc- 
umentation practices, physicians should keep in mind that 
the primary reason for denial in postpayment audit cases 
(e.g., Medicare audits requesting refunds of alleged over- 
payments) typically relates to documentation deficiencies. 
Enhancement of documentation practices in any physician 
practice should unquestionably be a top priority. 


Physician Relationships with Fellow Providers: 
Physicians, Hospitals, Nursing Homes, Etc. 

Within these relationships, physicians must steer clear of 
any situation in which their decision-making with respect 
to patient referrals or use of products or services is based on 
anything other than what is medically necessary and appro- 
priate for the patient. As most physicians have figured out 
by now, the fraud and abuse laws are complicated; how- 
ever, physicians are held accountable for ensuring that rela- 
tionships are structured in a compliant manner. Physicians 


Section XI: Contemporary Issues in Medical Practice 


can avoid the pitfalls of improper arrangements by making 
sure that they appropriately consult with experts prior to 
entering into the relationship. Unfortunately, the fact that a 
physician was unaware of the implications of the fraud and 
abuse laws to the relationship is not a legitimate defense. 


Physician Relationships with Vendors 

A particular area of vulnerability for physicians involves 
relationships with pharmaceutical and medical device 
industries. Like physician relationships with fellow provid- 
ers, physicians must steer clear of allowing the pharmaceu- 
tical or medical device industries from buying their loyalty 
or otherwise inducing them to prescribe or use products 
based on anything other than what is a medical neces- 
sity. The OIG offers some practical questions a physician 
should self-inquire to test the propriety of any proposed 
compensation relationship with these entities: 


m= Does the company really need my particular expertise 
or input? 

m Does the amount of money the company is offering 
seem fair, appropriate, and commercially reasonable for 
what it is asking me to do? 

m Is it possible the company is paying me for my loyalty 
so that I will prescribe its drugs or use its devices? (32). 


Physicians can also review the OIG’s Compliance Program 
Guidance for Pharmaceutical Manufacturers available at 
www.oig.hhs.gov/authorities/docs/03/050503FRCPGPharmac. 
pdf. Moreover, in protecting oneself in these relationships, 
one must keep in mind that under the PPACA,” transpar- 
ency is coming in the form of requiring drug, device, and 
biologic companies to publicly report nearly all gifts or 
payments they make to physicians beginning in 2013. 


Compliance Programs 


Prior to PPACA, health care providers were encouraged 
but not required to maintain compliance programs to 
help ensure their compliance with fraud and abuse laws 
and federal health program requirements. Under PPACA, 
if you treat Medicare and Medicaid beneficiaries, you 
are required to establish a compliance program.** Seven 


Pub. L. 111-148 was signed into law on March 23, 2010. 

Section 6401(a). On February 2, 2011, the Centers for Medicare 
and Medicaid Services (“CMS”) published its final rule for establish- 
ing new screening requirements for enrollees in Medicare, Medicaid, 
and the Children’s Health Insurance Program (“CHIP”) pursuant 
to Section 6401(a) of PPACA (the “Final Rule”) (76 FR 5941). The 
Final Rule also addressed the compliance program requirement as set 
forth in Section 6401 of PPACA, which prescribes that, as a condition 
of enrolling in Medicare, Medicaid, or CHIP, providers and suppli- 
ers must establish compliance programs that meet certain “core ele- 
ments.” Notably, however, CMS did not finalize any rules related to 
mandatory compliance. Instead, CMS noted in the Final Rule that it 
would continue to do further rule making and would “advance spe- 
cific proposals at some time in the future.” 
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components to establishing a “solid” compliance program 
include (a) conducting internal monitoring and auditing, 
(b) implementing compliance and practice standards, (c) 
designating a compliance officer or contact, (d) conduct- 
ing appropriate training and education, (e) responding 
appropriately to detected offenses and developing correc- 
tive action, (f) developing open lines of communication 
with employees, and (g) enforcing disciplinary standards 
through well-publicized guidelines. 

Notwithstanding the PPACA mandates, in recognition 
of the increase in enforcement and audit activity, now, 
more than ever, it is imperative that every physician have 
in place an effective compliance program that is tailored to 
his/her particular practice and specialty. 


THIRD PARTY PAYOR AUDITS 
Third Party Payor Audit(s) Overview 


Physicians submitting claims to all third party payors (i.e., 
Medicare, Medicaid, and private payors) must be cognizant 
that all claims are under unprecedented payor scrutiny. 
In an effort to protect the integrity of the Medicare and 
Medicaid Trust Funds, as well as the bottom line of private 
insurers, all payors are actively auditing claims. Health care 
providers must be mindful of this increased claims scrutiny 
and conduct themselves accordingly. 

With respect to claims submitted to Medicare, not only 
do Medicare Administrative Contractors (MACs) (and/or 
Medicare Carriers and Intermediaries) conduct their own 
audits, but also the CMS contracts with various other enti- 
ties to perform Medicare auditing functions. For example, 
Medicare’s Recovery Audit Contractor (RAC) program is 
now operational nationwide (and has been expanded to 
include Part C and Part D claims). RAC auditors are tasked 
to identify and correct all types of improper Medicare pay- 
ments and are compensated on a contingency fee basis. In 
addition, Zone Program Integrity Contractors (ZPICs) (or 
Program Safeguard Contractors [“PSCs”]) are actively con- 
ducting benefit integrity audits nationwide. 

With respect to Medicaid claims, in addition to each 
state conducting their own Medicaid audits, there also exist 
federal Medicaid auditing programs. Under the Medicaid 
Integrity Program, Audit Medicaid Integrity Contractors 
(MICs) are auditing Medicaid claims in every state. The 
focus of the Audit MICs is on providers with “truly aber- 
rant” claim submissions. In addition, the nationwide RAC 
program has been expanded to also include Medicaid 
claims. 


Which Physicians Are Likely to Be Audited? 


All auditors (Medicare, Medicaid, and private payors) use 
proprietary “data mining” techniques to determine claims 
likely to constitute overpayments and to identify providers 
with utilization patterns that may suggest overpayments 
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to be occurring. Therefore, physicians providing a high 
volume of higher-cost procedures, or physicians with a 
noticeable volume of high-level office visits (e.g., a high 
volume or level 4 or level 5 office visits), may find them- 
selves under increased claims scrutiny. As noted elsewhere 
herein, through various guidance documents (e.g., the 
RAC-approved issues lists), CMS indicates claims likely to 
be subject to increased scrutiny under the Medicare and 
Medicaid programs. Physicians submitting these types of 
claims may see more auditing activity. Moreover, physi- 
cians should identify risk areas specific to his or her field of 
practice. These areas are often identified in specialty pub- 
lications and can be found in third party payor guidances, 
local medical review policies, OIG guidances, fraud alerts, 
and the annual OIG work plan. One such area that has been 
a significant focus of the enforcement authorities and third 
party payors is E & M (or Evaluation and Management) ser- 
vices. In addition, physicians can discover their own per- 
sonal practice risk areas by conducting self-audits focusing 
on, for example, the ten (10) most-often billed procedures 
and/or the ten (10) procedures yielding the highest prac- 
tice revenue, looking at published policies and guidelines 
for these procedures, meeting with other providers in the 
physician’s office and the billing staff, and discussing the 
documentation and billing of these procedures. 

When conducting such audits, there are a number of 
significant items to consider. For example, (a) whether 
the audit should be prospective as opposed to retrospec- 
tive, (b) whether the audit should be conducted for gen- 
eral educational purposes or for specific reasons (e.g., to 
quantify a suspected error), (c) whether one should use 
external auditors or internal auditors, (d) the sample size 
of the audit, (e) which documents to review, and (f) how 
often to perform the audit. Importantly, it is highly recom- 
mended that any self-audit be done at the direction of legal 
counsel—not only to help one decide the best manner in 
which to conduct the audit and to address the aforemen- 
tioned items, but also to avoid providing a “road map” of 
any problems revealed by the audit to the enforcement 
authorities. Self-audits that are not directed by legal coun- 
sel are not protected by the attorney work product doctrine 
and/or attorney-client privilege and thus are discoverable 
by the enforcement authorities who can use the findings 
against the physician. 


Typical Audit Processes for Medicare 


Generally speaking, Medicare audits are conducted to 
determine whether claims are or were properly submitted 
to Medicare. When Medicare audits are conducted for med- 
ical review purposes, the contractor's focus is to determine 
whether services are covered, are reasonable and necessary, 
and are correctly coded. When Medicare audits are con- 
ducted for benefit integrity purposes, the focus is different 
(e.g., looking for possible falsification). Medicare audits 
may be conducted on either a prepayment or postpayment 
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basis and may be conducted either on-site or via “desk 
audit.” 

When initiating either a prepayment review or post- 
payment audit for medical review purposes, a Medicare 
contractor is required to issue a written notification to the 
physician, which includes the following elements: 


1. That the physician has been selected for prepayment 
review or postpayment audit and the reason for the 
selection. If the reason the physician was selected for 
audit was comparative data, then the Medicare contrac- 
tor should provide the comparative data to the physi- 
cian as part of this notification. 

2. Whether the review will be conducted on a prepayment 
or postpayment basis 

3. If postpayment audit, a list of claims requiring medical 
records to be produced (including the time frames for 
returning additional documentation—typically 30 to 
45 days) 


Note: It is essential that physicians adhere to the time 
frames for submitting requested documentation. If the 
time frames are not met, the Medicare contractor will deny 
the subject claims. The contractor thereafter may, but is not 
required to, reopen the claims upon appeal. 

Generally speaking, prepayment review(s) or postpay- 
ment audit(s) is conducted within 60 days from receipt 
of requested medical records.* When reviewing claims, 
the Medicare contractor will use both published Medicare 
guidance (e.g., National Coverage Decisions (NCDs), Local 
Coverage Decisions (LCDs), CMS Manuals, CMS Coding 
Articles, etc.), and internal review guidelines. In a postpay- 
ment audit, following the review, the Medicare contractor will 
prepare a letter to notify the physician regarding the results 
of the audit, including the rationales for denials and infor- 
mation regarding the statistical extrapolation performed, if 
applicable. The physician also will receive a demand letter, 
which triggers relevant appeal deadlines. Prepayment review 
results will be communicated via Remittance Advice.” 


The Medicare Appeals Process 


Part A and Part B Medicare claim denials arising from 
Medicare audits are subject to the five-stage appeals pro- 
cess set forth at 42 C.ER. Part 405, Subpart I. It is essen- 
tial from a business perspective that physicians understand 
this appeals process and appeal claim denials as they occur. 
Denials may be successfully overturned in the Medicare 
appeals process, resulting in monies returned to the physi- 
cian. The five-stage appeals process is as follows: 


*4This 60-day time period does not apply to reviews for benefit integ- 
rity purposes (PSC or ZPIC audits). 
See generally, Medicare Program Integrity Manual (CMS Pub. 100- 
08), Chapter 3, Section 30.4 et seq. 
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1. Stage 1: Redetermination. The first level in the appeals 
process is redetermination. There is no amount in con- 
troversy requirement. Providers must submit redetermi- 
nation requests in writing within 120 calendar days of 
receiving notice of initial determination. 

Significantly, federal law prohibits Medicare 
from recouping an alleged overpayment during the 
first two stages of the appeals process (i.e, during 
the redetermination and reconsideration stages of 
appeal). Although federal regulations grant physi- 
cians 120 calendar days to file a request for redeter- 
mination, Medicare will begin recouping the alleged 
overpayment arising from a Medicare audit prior to 
the expiration of the 120-day appeals time frame if a 
valid request for redetermination is not first received. 
Specifically, recoupment will begin on the 41st day 
from the date of the notice of initial determination, 
unless a valid request for redetermination is received 
30 days following the date of notice of initial deter- 
mination. If this time frame is not met, Medicare 
will stop recoupment at whatever point an appeal is 
received, but it will not refund any amounts withheld 
prior to that time. 


2. Stage 2: Reconsideration. Physicians dissatisfied with a 


redetermination decision may file a request for recon- 
sideration to be conducted by a Qualified Independent 
Contractor (QIC). A QIC is a Medicare contractor 
tasked to complete this second level of appeal (recon- 
sideration level of appeal). There is no amount in con- 
troversy requirement. This second level of appeal must 
be filed within 180 calendar days of receiving notice of 
the redetermination decision. 

Although federal regulations grant physicians 180 
calendar days to file a request for reconsideration, 
Medicare will again begin recouping its alleged over- 
payment following the redetermination stage prior to 
the expiration of the 180-day appeals time frame if a 
valid request for reconsideration is not first received. 
Specifically, recoupment may begin on the 6lst day 
from the date of redetermination decision, unless 
a valid request for reconsideration is received. If this 
time frame is not met, Medicare will stop recoupment 
at whatever point an appeal is received. 

Significantly, physicians must submit a “full and 
early presentation of evidence” in the reconsideration 
stage. When filing a reconsideration request, a physi- 
cian must present evidence and allegations related to 
the dispute and explain the reasons for the disagree- 
ment with the initial determination and redetermi- 
nation. Absent good cause, failure of a physician to 
submit evidence prior to the issuance of the notice of 
reconsideration precludes subsequent consideration of 
the evidence. Accordingly, physicians may be prohib- 
ited from introducing evidence in later stages of the 
appeals process if such evidence is not presented at the 
reconsideration stage. 
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3. Stage 3: Administrative Law Judge (ALJ) Hearing. A pro- 
vider dissatisfied with a reconsideration decision may 
request an ALJ hearing. The request must be filed 
within 60 days following receipt of the QIC’s decision 
and must meet an amount in controversy requirement. 
AL) hearings can be conducted by video teleconfer- 
ence (VIC), in person, or by telephone. The regulations 
require the hearing to be conducted by VTC if the tech- 
nology is available; however, if VIC is unavailable or 
in other extraordinary circumstances, the ALJ may hold 
an in-person hearing. Additionally, the ALJ may offer a 
telephone hearing. 

4. Stage 4: Medicare Appeals Council (MAC) Review. The 
fourth level of appeal is the Medicare Appeals Council 
(MAC ) Review. The MAC is within the Departmental 
Appeals Board of HHS. A MAC Review request must 
be filed within 60 days following receipt of the ALJ’s 
decision. Among other requirements, a request for 
MAC Review must identify and explain the parts of the 
ALJ action with which the party disagrees. Unless the 
request is from an unrepresented beneficiary, the MAC 
will limit its review to the issues raised in the written 
request for review. 

5. Stage 5: Federal District Court. The final step in the 
appeals process is judicial review in federal district 
court. A request for review in district court must be filed 
within 60 days of receipt of the MAC’s decision and 
meet an amount in controversy requirement. 


Audit Defenses 


In preparing a Medicare appeal, physicians should both 
challenge the merits of the claim denials and employ 
applicable legal defenses. In arguing the merits, physicians 
should prepare a position paper and/or a summary of 
the documentation relevant to the claims at issue, setting 
forth the justification for the services as billed. Attached 
to the position paper should be all records supporting 
the claims at issue, organized in a user-friendly manner. 
Note that this likely will involve more records than just 
the records for the specific dates of service denied. For 
example, if a procedure is denied, the submitted docu- 
mentation should include any office visit preceding the 
procedure supporting the medical necessity for the proce- 
dure. In arguing the merits of the claim, physicians should 
engage the services of a qualified medical/coding/statisti- 
cal expert, as applicable. In addition to arguing the mer- 
its, physicians may choose to employ the following legal 
defenses, as applicable: 


1. Provider without Fault: As a general rule, a provider 
will be considered without fault if it exercised reason- 
able care in billing for and accepting payment (i.e., it 
complied with all pertinent regulations, made full dis- 
closure of material facts, and, on the basis of the infor- 
mation available, had a reasonable basis for assuming 
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that the payment was correct). A provider or supplier 
will be presumed to be without fault if an overpayment 
is discovered subsequent to the third year following ini- 
tial determination.” 

2. Waiver of Liability: In the event a Medicare contractor 
denies a service as not medically reasonable and/or 
necessary, the denial constitutes a denial under Section 
1862 (a) of the Social Security Act, subjecting the 
claims to waiver of liability consideration. The statu- 
tory authority for the application of Waiver of Liability 
is set forth in Section 1879 (a) of the Social Security 
Act. Generally speaking, once waiver of liability applies, 
the relevant inquiry focuses on whether the provider or 
supplier knew or could have reasonably been expected 
to know that payment would not have been made for 
the services. 

3. Treating Physician's Rule: The legal theory of the Treating 
Physician’s Rule provides that the treating physician’s 
determination that a service is medically necessary 
and appropriate should predominate over a reviewer's 
determination. 

4. Challenges to Statistics: Providers may also legally chal- 
lenge the statistics in connection with extrapolated 
audits. This will involve the retention of a qualified 
statistical expert to review the statistical sample and 
extrapolation performed for compliance with Medicare 
guidelines. Challenging the statistical extrapolation 
performed (which, if successful, would bring the over- 
payment demand to the “actual” overpayment, rather 
than the projected overpayment) should be a key focus 
of any appeal where a statistical extrapolation is per- 
formed.” 


Compliance Tips 


Although physicians may not be able to prevent a Medicare 
audit from occurring, physicians should prepare for 
increased claims scrutiny and audit activity by dedicating 
resources to the following: 

1. Regularly monitoring guidance documents educating 
physicians regarding the types of claims subject to 
increased Medicare claims scrutiny, including histori- 
cal audit data (such as the review results arising from 
the RAC Demonstration Program), the RACs’ Web sites 
identifying approved audit issues (links available from 
www.cms.hhs.gov/RAC), the OIG Work Plan, ete. 

Note that the RAC demonstration program did not 
focus on ENT physicians specifically; thus, a review of 
the RAC demonstration results is not particularly help- 
ful for ENT physicians with the exception of vestibular 


2°Section 1870 of the Social Security Act. See also Medicare Financial 
Management Manual, CMS 100-06, Chapter 3, Section 70 et seq. 

27See Section 1893 of the Social Security Act and Medicare Program 
Integrity Manual, CMS Pub. 100-08, Chapter 3, Section 3.10 ef seq. 
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function testing.** As of the date of publication of this 
chapter, the RACs’ Web sites did include certain ENT 
physician-specific issues presently under RAC review 
(e.g., the RACs are presently reviewing certain E &® M 
issues). These Web sites should be continuously moni- 
tored as Medicare approves additional areas for RAC 
review. A review of other guidance documents, such as 
the OIG Work Plan, will be helpful to identify areas 
that may be subject to scrutiny. For example, the 2011 
OIG Work Plan states that payments for E & M services 
will be subject to scrutiny in 2011. 

2. Reviewing and educating physicians regarding any 
Medicare NCDs and LCDs applicable to claims submit- 
ted by the physicians 

3. Designating an audit “point person” responsible to 
monitor communications from Medicare and _ its 
contractors, which will include monitoring records 
requests and ensuring that such requests are responded 
to within the requisite time frames 

4. Implementing compliance efforts, including but not 
limited to (a) educating staff members regarding the 
potential business impact of Medicare audits and the 
corresponding importance of compliance and appro- 
priate response to records requests and claim determi- 
nations and (b) performing documentation and coding 
education. Documentation and coding education may 
entail engaging a qualified health care legal profes- 
sional and coding professional to conduct a formal 
compliance audit of high-risk claims. 

5. Tracking claim denials, monitoring and abiding by 
appeal deadlines, and properly working up appeals to 
challenge denials in the appeals process 


PHYSICIAN LICENSING ACTIONS 
AND THEIR COLLATERAL EFFECTS 


Introduction 


Whether an otolaryngologist is a medical doctor or an 
osteopath, his or her ability to practice in any given state 
within the United States (other than at a federal institution 
such as a VA hospital) is governed by the laws of that state. 
While some states allow a physician who is not licensed in 
their particular state, but who is licensed in another state 
in good standing, to practice in their state under certain 
special circumstances (e.g., in an educational setting or 
in emergency circumstances), the far majority of the time 
a physician must be compliant with the laws, rules, and 
regulations of each state in which the physician practices. 


2*The majority of physician claim denials made during the RAC dem- 
onstration program involved pharmaceutical injectables, Neulasta 
(incorrect coding), Vestibular function testing, and duplicate claims. 
See “The Medicare Recovery Audit Contractor (RAC) Program: An 
Evaluation of the 3-Year Demonstration,” available at http://www.cms. 
gov/RAC/Downloads/RACEvaluationReport.pdf. 
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Physicians will be deemed to have constructive knowledge 
of such laws, rules, and regulations regardless of whether 
he or she has actual knowledge thereof. As such, it is imper- 
ative for a physician seeking licensure in a given state to 
become familiar with that state’s governing laws, rules, and 
regulations, especially since there are some significant dif- 
ferences (e.g., in some states there are express prohibitions 
against prescribing medication to family members regard- 
less of the circumstances, whereas in other states, such 
prescribing is allowed as long as the physician determines 
that he or she can maintain objectivity when treating the 
patient). Typically, states have boards of medicine that pro- 
mulgate administrative rules and guidance to which physi- 
cians should adhere, in addition to public health codes and 
other statutory and case law, in order to avoid disciplinary 
action taken against a physician’s license. Some states have 
one board of medicine that governs both medical doctors 
and osteopaths while other states have separate boards for 
each—although the rules and guidance for medical doctors 
often mirror those for osteopaths. These medical boards 
are administrative agencies often composed of not just 
physicians but other health care providers and members 
of the public appointed by state executive officials (such as 
the governor) and serve to govern the medical profession 
and help to protect the health, safety, and welfare of the 
public. 

The bases for disciplinary action are often codified by 
statutory law in each state and are enforced by the state’s 
medical board. Some bases may be very specific (eg., 
violation of a particular state statute regarding prescribing 
a medication for an illegitimate, nontherapeutic purpose), 
while other bases are rather broad (e.g., acting outside the 
applicable standard of practice). An important distinction 
for physicians to keep in mind is the difference between 
a licensing action and a medical malpractice action. In 
a medical malpractice action, the physician’s actions or 
omissions must cause damages for liability to arise. In a 
licensing action, causing damages is not a requisite ele- 
ment. As such, a physician may find himself/herself subject 
to a licensing action for failing to document information 
where the applicable standard of practice requires such 
documentation in the medical record even though the lack 
of documentation did not result in any harm to a patient. 


How Licensure Actions Arise 


An action against a physician’s license typically arises from 
a complaint filed with the state medical board by a person 
or entity with firsthand knowledge of alleged wrongdoing 
by the physician (e.g., a patient, employee, or employer of 
the physician). Some states allow for completely anony- 
mous complaints while others require the complainant to 
identify himself or herself in order to commence an inves- 
tigation. In some scenarios, the complainant is the court 
clerk who under legal authority is required to report to the 
medical board when a physician is convicted of a crime 
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or an alcohol- or drug-related offense. In some states, the 
complainant may be the physician’s medical malpractice 
defense attorney who is required to report to the medi- 
cal board a verdict or settlement against the physician in 
a medical malpractice action. The complainant may be a 
hospital where the physician had his or her medical staff 
privileges reduced, limited, suspended, or revoked or 
employment terminated. The physician himself or herself 
may even be the complainant as, in nearly every state, the 
physician has a duty to self-report a disciplinary action or 
criminal conviction against the physician in another state 
within a certain prescribed time frame (e.g., 30 days from 
the date of the final order or conviction). 

Typical allegations asserted against a physician are for 
quality of care concerns, a scope-of-practice concern issue 
or the conduct of the physician—which may include 
potential criminal conduct (e.g., a patient who is billed for 
services that he or she never received may submit a writ- 
ten allegation against the physician to the applicable state 
medical board). After receiving an allegation, the medi- 
cal board typically reviews it and determines whether the 
alleged facts, if true, could be deemed a violation of the 
state’s public health code or other statutory laws or case 
law and thereby warrant an investigation. 

An investigation into an allegation usually involves 
interviewing the person filing the allegation, interviewing 
the physician, identifying and interviewing other persons 
such as coworkers or employers who may provide relevant 
information, and collecting other evidence. 


Administrative Complaint and Hearing 


If the medical board determines that there is sufficient evi- 
dence to demonstrate a violation of the applicable pub- 
lic health code or law, a formal administrative complaint 
is typically filed by the state against the physician (often 
called the “licensee” in such matters) charging the physi- 
cian with specific statutory violations or other violations 
of the law. 

Nearly every state also provides the medical board with 
grounds for the issuance of an administrative complaint 
for numerous preceding criminal violations. For exam- 
ple, a conviction of any criminal sexual conduct; reckless 
or intentional inappropriate destruction or alteration of 
medical records; a misdemeanor or felony involving fraud 
to obtain professional fees; a misdemeanor related to the 
ability to practice safely/competently; and practicing under 
the influence of alcohol or drugs in many states provides a 
basis for a licensing action against the convicted physician. 

Since the state medical board is charged with protect- 
ing the health, safety, and welfare of its citizens, if the 
medical board believes that there could be an immediate 
risk to the public health, safety, or welfare, it may order 
a summary suspension of the physician’s license until an 
administrative hearing is held. Under such circumstances, 
the physician must immediately cease practicing medicine 
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even before he or she is given an opportunity to defend his 
or her actions and cannot practice medicine until other- 
wise authorized to do so by the medical board. Summary 
suspension typically occurs where the physician is con- 
victed of a felony or a misdemeanor involving the illegal 
delivery, possession, or use of a controlled substance. 

The procedures to be followed after the issuance of an 
administrative complaint differ from state to state; how- 
ever, they typically require the physician to file an answer 
to the administrative complaint and provide the licensee 
an opportunity to meet with members of the medical 
board to attempt to reach a resolution of the administra- 
tive complaint short of attending a formal administrative 
hearing. These procedures usually have specific deadlines 
associated with answering the administrative complaints, 
requesting and attending settlement conferences and 
other procedures for which failure to comply can have 
severe adverse consequence for the physician (eg., fail- 
ing to timely answer an administrative complaint in some 
states results in all of the allegations being deemed admit- 
ted and the matter goes straight to the medical board for 
imposition of sanctions against the physician). Proposed 
settlements usually require formal approval by the medical 
board and are typically available to the public. 

If a settlement cannot be reached, the matter proceeds 
to an administrative hearing to be conducted in accor- 
dance with established state administrative procedures and 
rules governing the conduct of the hearing, introduction of 
evidence, and the examination of witnesses. The purpose 
of the hearing is to determine the facts of the case and the 
laws and rules that should be applied to the case. Should 
the physician be found to have violated the applicable state 
laws, sanctions will be imposed upon the physician and/or 
his or her license, which can include a monetary fine, pro- 
bation, reprimand, restriction on the license, additional 
medical education beyond the standard requirements for 
continuing medical education, community service, and/or 
suspension or revocation of the license. 


Licensing Actions May Lead to Criminal 
Prosecution 


While state public health codes have numerous grounds 
upon which the medical boards may rely for the issu- 
ance of an administrative complaint, some provisions are 
more apt to lead to criminal prosecution, for example, 
allegations of an inappropriate sexual relationship with a 
patient, a pattern of providing controlled substances with- 
out medical necessity, a pattern of fraudulent billing, and 
a pattern of performing medically unnecessary procedures 
for personal financial gain. All of these offenses typically 
fall within express provisions of state public health codes 
giving rise to a licensing action and also fall within the 
ambit of numerous state and federal criminal statutes, 
thereby leaving the physician exposed to potential criminal 
prosecution. 
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Furthermore, it is important to understand that some 
actions by physicians subsequent to being served with an 
Administrative Complaint may also lead to criminal pros- 
ecution. One common allegation contained within an 
administrative complaint is that the physician violated his 
or her general duty due to inadequate, insufficient and/or 
missing documentation. Such an allegation can lead a con- 
cerned physician to attempt to “correct” the situation by 
creating records where none existed or supplementing the 
records to address the alleged inadequacy or insufficiency 
without including sufficient information to make it clear 
when these new records were added. Such action by a phy- 
sician is typically a felony under state statutory law. 

When defending a health care licensing matter, it is 
important to always consider the possibility of criminal 
exposure for the subject physician. Such consideration is 
integral to the decision of whether to have the physician 
testify at an administrative hearing. Physicians have to 
weigh the risk of asserting their Fifth Amendment rights 
against self-incrimination in order to avoid having admis- 
sions made during administrative proceedings that could 
be used against them in a criminal matter. 

A physician facing a health care investigation or an admin- 
istrative action by a state medical board cannot afford to take 
a myopic view of his or her predicament. Due to the criminal 
implications and the domino effect that often accompanies 
the imposition of state-imposed sanctions, such physician 
are well advised to obtain experienced health care counsel 
as early as possible in the process who will take an expansive 
view of the matter in order to assess the collateral damage 
that could result from a proposed settlement of a state action. 
Although most attorneys are knowledgeable enough to 
inform their clients of their Fifth Amendment rights against 
self-incrimination in order to avoid having their clients make 
any admissions during the administrative proceedings, which 
could lead to criminal charges, many attorneys are unaware 
of the effects that collateral sanctions may have on their cli- 
ents. Any settlement strategy should take into consideration 
all of the collateral sanctions and enforcement actions that 
could arise as a result of a settlement. 


Collateral Effects of a Licensing Action Other 
Than Criminal Prosecution 


In addition to the aforementioned potential for criminal 
prosecution, there are numerous consequences and collat- 
eral effects that a licensing action may have on a physician. 
Any sanctions imposed upon the physician are typically 
published online and in the state’s disciplinary action 
report, and notice of the sanctions is sent to numerous state 
and federal authorities (which, for physicians, may include 
the National Practitioner Data Bank), along with applicable 
professional associations, and various national and local 
news associations (e.g., the Associated Press and the United 
Press International). The severity of the sanction imposed 
by the state medical board will determine the extent of the 
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collateral damage to the physician. The following is a list 
of some, but not all, of the repercussions that a sanctioned 
physician may encounter: loss of hospital privileges, loss of 
Participation and enrollment with state professional asso- 
ciations, loss of participation in preferred provider organi- 
zations (PPOs), loss of enrollment with third party payors, 
loss of DEA registration, loss of board certification, and 
exclusion from participation with Medicare, Medicaid, and 
other federal and state government programs. 

As noted above, nearly every state requires a physician 
who is disciplined in another state to report such disci- 
pline to their state. Thereafter, such state has the right to 
file its own disciplinary action against the physician even 
though all of the facts and circumstances that gave rise 
to the original disciplinary action took place in the other 
state. As a result, the derivative state may impose even a 
harsher sanction against the physician than the sanction 
imposed by the originating state depending upon the laws, 
policies, politics, and mind-set of the derivative state. 


Conclusion 


Unfortunately, some physicians fail to appreciate the seri- 
ous magnitude of an allegation filed against them with 
their state licensing body. Whether a physician is contacted 
directly by an investigator or whether he or she hears from 
a patient or an employee that an investigator has been ask- 
ing questions regarding the professional behavior/conduct 
of the physician, the physician should immediately contact 
an experienced and knowledgeable health care attorney 
to provide assistance and guidance at the earliest possible 
stage. All too often, physicians believe that they can explain 
away or justify the alleged inappropriate behavior/conduct 
only to learn later on that such admissions are used as 
direct evidence against them to support a sanction against 
his or her health care license. Moreover, depending on the 
severity of the sanction imposed, there are numerous col- 
lateral effects that a state licensing action may have on the 
physician, including, but not limited to 


1. Loss of hospital privileges and/or employment 

2. Loss of enrollment with state professional associations 
and their associated benefits (e.g., health, disability, 
and life insurance) 

3. Loss of participation in PPOs and other third party payors 
4. Loss of DEA registration, state-controlled substance 
licenses, and other health care licenses/registrations 

5. Loss of board certification 

6. Exclusion from participation with Medicare, Medicaid, 
and other federal and state governmental programs 

7. Commencement of other judicial or administrative 
proceedings (e.g., criminal proceedings, civil monetary 
proceedings, malpractice actions, and other state licens- 
ing actions) 

8. Permanent reports to the National Practitioner Data 
Bank and state licensing data banks 
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Prior to the commencement of a formal hearing, there is 
often a window of opportunity in which an experienced 
and knowledgeable health care attorney can help the phy- 
sician to develop and implement prophylactic measures 
and to take certain actions that may convince the licens- 
ing authorities not to proceed with disciplinary action 
or to accept a sanction less severe than originally recom- 
mended. Due to this relatively small time frame, it is 
imperative that the physician contact an attorney at the 
earliest recognizable stage of a potential licensing matter. 
As Benjamin Franklin once said: “an ounce of prevention is 
worth a pound of cure”—a physician that retains an expe- 
rienced and knowledgeable health care attorney early in 
the process can often avoid the increased time and finan- 
cial resources involved in trying to win a licensure case at 
an administrative hearing, when compared to resources 
needed to implement reasonable measures to rectify the 
alleged inappropriate behavior/conduct. 


SETTING UP A PHYSICIAN PRACTICE 


Introduction 


Physicians very rarely graduate from medical school know- 
ing how to successfully run a business. And a physician 
practice is just that: a business. Fortunately, physicians are 
often successful in organizing and operating their own 
medical practices, especially when they rely upon a team 
of qualified and experienced professionals, such as accoun- 
tants, financial advisors, attorneys, billing companies, and 
third party payor enrollment consultants. 

As discussed further below, from a corporate perspec- 
tive, organization of a new business generally involves sev- 
eral steps, including each of the following: 


a. Establishing the business entity (typically through a 
state-level filing of Articles of Incorporation, Certificates 
of Incorporation, Articles of Organization, or other 
equivalent document, as appropriate) 

b. Applying to the Internal Revenue Service (IRS) for a 
federal tax identification number (EIN) 

c. Protecting the name and other intellectual property of 
the practice, as appropriate 

d. Negotiating and adopting governing documents (Bylaws, 
Shareholders’ Agreement, Operating Agreement, Buy- 
Sell Agreement, etc.) 

e. Adopting initial corporate resolutions to ratify the orga- 
nization of the entity; adopting the governing docu- 
ments; electing directors, managers, and officers, as the 
case may be; authorizing the establishment of a bank 
account; etc. 

f. Enrolling in Medicare and other third party payors 

g. Opening bank accounts and obtaining necessary insur- 
ance 


Physicians who refrain from obtaining the valuable guid- 
ance of legal, financial, and reimbursement profession- 
als in order to limit the associated costs often eventually 


3291 


incur unnecessary (and sometimes substantial) expenses 
to correct problems that would have been avoidable had 
the practice adopted a more conscientious approach to its 
organization. Examples of the unfortunate circumstances 
that sometimes face practices that have acted in an unin- 
formed and/or careless manner include the following: 


a. Failure to officially organize the business entity or pro- 
vision of incorrect information when applying for an 
EIN, resulting in delay in receiving Medicare billing 
numbers and lost revenue 

b. Disregard for corporate practice of medicine doc- 
trines, if applicable, eventually requiring the practice to 
restructure 

c. Misunderstanding of the nature of, and the benefits 
offered by, the form of business entity resulting in the 
physician entering agreements with hospitals and oth- 
ers in the physician’s individual capacity instead of 
through the business, which can lead to unanticipated 
adverse tax consequences 

d. Lack of appreciation for the importance of maintaining 
corporate formalities (such as holding annual meet- 
ings, adopting corporate resolutions, maintaining cor- 
porate records and minutes, etc.), which makes it more 
likely that creditors will attempt to impose personal 
liability upon the owners of an entity who otherwise 
have the protection of limited liability (often referred 
to as “piercing the corporate veil”) 


The purpose of this section is to provide a broad overview 
of certain considerations with respect to the organization 
of a new physician practice. As discussed above, it is highly 
advisable for physicians to engage professional advisors 
who are able to position the new practice for success. 
Nothing set forth below is a substitute for such guidance. 


Choice and Formation of Business Entity 


The form of a business entity, the relationship of such 
business entity to its owner(s) and creditors, and its opera- 
tions are governed, at least in part, by the state in which 
the business is organized and the states in which the busi- 
ness operates. 

Each state has its own specific statutes, regulations, 
and other guidance with respect to the various corporate 
forms recognized by such state. Most states publish an 
abundance of helpful information on their Web sites that 
explain the pros and cons of choosing one form of entity 
over another and the process for organizing such entity. 
State publications on these topics are often geared toward 
small businesses and include references to other related 
legal requirements, including those pertaining to taxes, 
licenses, and securities requirements. Although it is com- 
mon for business entities to organize themselves in states 
other than those in which they operate (e.g., in the State 
of Delaware because of the favorable and well-developed 
corporate laws in such jurisdiction), physician practices are 
generally organized in the same state in which they operate 
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due to their relatively limited size and their heavily regu- 
lated nature. 

A brief overview of certain common forms of business 
entities follow below. Although such descriptions are gen- 
erally true, each state has its own unique requirements, 
and physicians should work with their legal and financial 
advisors with state-specific knowledge when making a final 
determination regarding choice of entity. 


Sole Proprietorship 

A sole proprietorship is a form of entity that is owned by 
one person who generally owns all of the assets of the busi- 
ness and is personally liable for the debts of the business. 
Because a sole proprietorship is not a business entity that is 
distinct from its owner, a sole proprietorship cannot con- 
tinue beyond the life of the owner. Sole proprietorships 
generally do not need to file documents at the state level to 
form their business; however, they sometimes need to file 
their name and other information in the counties in which 
they operate. For the reasons just stated and others, it is 
rarely advisable for a physician to form a physician practice 
as a sole proprietorship. 


Partnerships 
Many states recognize at least two types of partnerships: (a) 
general partnerships and (b) limited partnerships. 


General Partnerships 

A general partnership is a form of entity that is owned by 
at least two people. All of the owners are personally liable 
for the debts of the business. All profits and losses of a 
partnership generally flow through to the partners for tax 
purposes. Partners often enter into a written partnership 
agreement to govern their relations. Typically no state-level 
filing is required to form a partnership, but partnerships 
sometimes need to file their name and other information 
in the counties in which they operate. Similar to sole pro- 
prietorships, it is typically inadvisable for a physician to 
form a physician practice as a partnership. 


Limited Partnerships 

A limited partnership is a form of entity that is owned by at 
least two people, at least one of which is a general partner 
who has personal liability for partnership debts and has 
the majority of management rights. Limited partnerships 
are typically distinct from general partnerships in that lim- 
ited partnerships are generally created by filing documents 
at the state level and offer limited liability to some of its 
investors. Today, it is not common for physician practices 
to be formed as limited partnerships because of the lack of 
flexibility offered by most state limited partnership laws. 


Nonprofit Corporation 

Although rare, physician practices can be formed as nonprofit 
corporations, which are formed through state-level filings 
typically referred to as Articles of Incorporation. Depending 
upon the specific state law, nonprofit corporations may be 
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formed on astock, membership, or directorship basis for any 
lawful purpose not involving pecuniary gain or profit for its 
officers, directors, shareholders, or members. It is important 
to note that not all nonprofit corporations are federally tax- 
exempt organizations. Although many health care organiza- 
tions are exempt from federal income tax under 501(a) of 
the Internal Revenue Code, such tax-exempt status is gener- 
ally only available when all applicable requirements are sat- 
isfied and the entity submits an Application for Recognition 
of Exemption to the IRS. 


Corporations 

Profit corporations are generally formed by submitting a 
state-level filing for the purpose of generating profit for 
their owners, who are referred to as shareholders. The 
internal affairs of a corporation and the relationships 
among the shareholders are often governed by the corpo- 
ration’s Bylaws, Shareholders’ Agreement, and Buy-Sell 
Agreement, as applicable. Such document filed with the 
state is usually referred to as the corporation’s Articles of 
Incorporation or Certificate of Incorporation. Most cor- 
porations are governed by three layers of management: 
shareholders, directors, and officers. Shareholders, direc- 
tors, and officers are generally not liable for the corpora- 
tion’s obligations unless they sign a personal guarantee or 
enter a contract in their individual capacity on behalf of 
the corporation. A corporation can exist indefinitely and 
its existence is not affected by the death of a shareholder. 
Except in the case of an S Corporation as described below, 
a corporation is taxed separate from its owners. 


S Corporation 

An S Corporation is a profit corporation that elects “S 
Corporation” status for federal tax purposes by filing 
Form 2553 (Election by a Small Business Corporation) 
with the IRS. S Corporations are distinct from other gen- 
eral profit corporations in that the profits and losses of the 
S Corporation flow through to the shareholders, who report 
the S Corporation’s income and losses on their personal 
tax returns. There are several requirements that a corpora- 
tion must satisfy in order to be eligible for S Corporation 
status, including, without limitation, the following: (a) be 
organized as a domestic corporation, (b) have only allow- 
able shareholders (i.e., no partnerships, corporations, or 
nonresident alien shareholders as shareholders), (c) have 
no more than one hundred shareholders, and (d) have 
only one class of stock. 


Limited Liability Company 

Limited liability companies (LLCs) are created through 
state-level filings, which are generally referred to as an LLC’s 
Articles of Organization. LLCs are sometimes managed by 
their owners, referred to as members. In other cases, LLCs 
are managed by a manager or group of managers (i.e., a 
Board of Managers), but the members continue to have 
ultimate authority over certain major decisions pertain- 
ing to the LLC. In addition to the Articles of Organization 
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or equivalent document, the internal affairs of a company 
and the relationships among the members are often gov- 
erned by the company’s Operating Agreement, as appli- 
cable. Members are generally not liable for the obligations 
of their LLC unless they sign a personal guarantee or enter 
a contract in their individual capacity on behalf of the 
company. For purposes of federal income tax, LLCs are 
taxed as sole proprietorships, partnerships, corporations, 
or S Corporations depending upon the number of mem- 
bers and the elections made by the LLC. An LLC can exist 
indefinitely and its existence is not affected by the death of 
a member. 


Professional Service Entities 

Many states either require or permit business entities 
that provide professional services such as medicine to be 
organized as a professional corporation, professional lim- 
ited liability company, or other professional entity and 
be owned exclusively by licensed professionals who are 
legally authorized to provide such professional service. 
These requirements are typically set forth in the corporate 
statutory laws of such states. 


Corporate Practice of Medicine 

Many states prohibit a business entity from practicing med- 
icine or employing a physician to provide medical services 
(often referred to as the “corporate practice of medicine”) 
unless an exception applies. The state corporate practice of 
medicine prohibitions and exceptions is set forth in state 
statutes, regulations, case law, and attorney general opin- 
ions. Such prohibitions are intended to protect physician 
decision making and prevent a physician’s loyalty from 
being divided between the needs of a corporation and the 
needs of the patient. States generally limit application of 
the corporate practice of medicine doctrine through certain 
exceptions, including those created for hospitals and other 
licensed health care facilities and also professional busi- 
ness entities such as professional corporations and profes- 
sional LLCs. States often adopt these exceptions because 
the entities covered by the exception are either licensed 
themselves or owned by licensed physicians, and therefore, 
applying the corporate practice of medicine to such busi- 
nesses is not necessary to advance the underlying purpose 
of the doctrine. 


Name Protection 

Physician practices, like most businesses, have an interest 
in protecting their identity and reputation. For those busi- 
ness entities that are formed through state-level filings, the 
applicable state will generally only accept the filing if the 
name of the business entity is distinguishable from other 
active names on the business records of the state. For many 
small physician practices, the level of protection offered by 
state corporate laws with respect to a corporate name is suf- 
ficient. However, business entity’s that are more concerned 
about protecting their corporate names can register their 
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name as a trade mark or service mark. Additional infor- 
mation regarding this process can be found at http://www. 
uspto.gov/smallbusiness/trademarks/. 


Securing a Business Loan 


Newly formed physician practices require capital to procure 
the resources required to commence operations (e.g., office 
space, office and medical equipment, IT/EHR software and 
hardware, furnishings, supplies, payroll, insurance premi- 
ums, legal and other professional expenses, etc.), and such 
capital may be obtained in several different ways. First, 
practice owners (usually referred to as the partners, mem- 
bers, or shareholders depending upon the form of business 
entity selected) often contribute capital or loan money to 
the business. Yet most physicians are unable to indepen- 
dently provide all of the necessary financing. Second, the 
initial financial burden of commencing the practice opera- 
tions can be mitigated if the practice leases the items, or 
obtains financing from the vendor, instead of purchasing 
the items immediately in cash. Third, it is also important 
to note that federal law, including the federal Stark Law 
and Antikickback Law, permits hospitals to provide certain 
financial support and income guarantees to physicians that 
relocate and establish a practice within the geographic area 
served by a hospital when certain requirements are satis- 
fied. Such support is most prevalent in underserved areas. 
Fourth, in the event that the options just described are 
insufficient, traditional third party financing is an attrac- 
tive option. The legal and financial advisors to the prac- 
tice often have strong relationships with banks and finance 
companies and can therefore recommend those that pro- 
vide competitive interest rates on fair terms. However, it 
is important to understand that most lenders will require 
personal guarantees or other security interests necessary 
to sufficiently protect them if the practice defaults on the 
loan. 


Securing Insurance 


It is highly advisable for physician practices to acquire 
insurance coverage that is appropriate for the size and 
nature of the practice’s business. Such insurance policies 
may include, without limitation, the following: 


Commercial liability 

. Auto 

Employment practices 

. Professional liability 
Errors and omissions 
Directors and officers 
Premises liability 

. Personal property 
Workers’ compensation 
Key-Man life 

Health, disability, long-term care, etc. 
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Before contacting insurance agents to obtain informa- 
tion and quotes for coverage, physician practices should 
understand their insurance needs. For example, the prac- 
tice should consider the following terms: coverage limits, 
naming additional insureds, whether the insurance should 
be on a claims-made or occurrence basis, who needs to 
be covered (i.e., employees, volunteers, etc.), etc. Practices 
also need to be cognizant of those insurance require- 
ments imposed upon the practice by applicable state law 
(e.g., pertaining to workers’ compensation insurance and 
often professional liability insurance) and those insurance 
requirements imposed upon the practice by contract (e.g., 
office space and equipment leases, employment and inde- 
pendent contractor agreements, agreements with hospitals, 
third party payors, etc.). 


Obtaining a Federal Tax Identification 
Number 


After a new business entity is officially organized (through 
the filing of Articles of Incorporation, Certificate of 
Incorporation, Articles of Organization, or otherwise), 
the next priority is generally to file for a federal employer 
identification number (often referred to as a TIN or an 
EIN). Additional information regarding federal tax iden- 
tification numbers and the process for applying for such 
number can be found at http://www.irs.gov/businesses/ 
small/. Irrespective of whether the application is submitted 
online, by telephone, by fax, or by mail, applicants must be 
very careful to complete the forms in a diligent manner to 
ensure that all information provided is complete and cor- 
rect to avoid subsequent problems from arising. Physician 
practices should maintain a copy of the application and all 
related documentation, including IRS Form CP575 (which 
provides verification of the EIN), as it will often be required 
to open a bank account and apply for a Medicare provider 
number. Further, it is advisable for physician practices to 
work closely with their financial advisors in this regard to 
ensure that the S election, if applicable, and other related 
filings are timely filed. 


Enrolling with Third Party Payors 


In order for a physician practice to operate and thrive, it 
will be necessary for the practice to effectively and effi- 
ciently obtain reimbursement for its services. Therefore, 
enrollment with Medicare and other third party payors 
is an important part of organizing a physician practice. 
Today, Medicare enrollment can be accomplished electron- 
ically through CMS’ Internet-based Provider Enrollment, 
Chain, and Ownership System established by the CMS, 
which is the branch of the U.S. Department of Health & 
Human Services (HHS) that administers the Medicare 
program. CMS Form 855B is the enrollment application 
used by clinics and group practices, and CMS Form 855] 
is the enrollment application used by physicians. Such 


Section XI: Contemporary Issues in Medical Practice 


applications require the submission of an abundance 
of information and documentation in a complete and 
accurate manner. Additional information pertaining to 
Medicare provider enrollment is available at http://www. 
cms.gov/MedicareProviderSupEnroll/. Each third party 
payor also has its own unique provider enrollment policies 
and procedures although many such payors utilize a uni- 
versal credentialing application called Universal Provider 
Datasource, which is described at http://www.caqh.org/ 
ucd.php. 


IMPLEMENTING HIPAA PRIVACY AND 
SECURITY IN A PHYSICIAN'S OFFICE 


Introduction 


HIPAA, the Health Insurance Portability and Accountability 
Act,?? was passed by Congress in 1996 and was designed 
to improve the efficiency and effectiveness of the health 
care system. Although the primary purpose of HIPAA is 
to protect health care coverage for individuals who lose or 
change their jobs, it also includes Title II, better known as 
the Administrative Simplification Act. Title II requires the 
U.S. Department of HHS to adopt national standards for 
electronic health care transactions in order for the health 
care industry to become more efficient. Congress also rec- 
ognized, however, that advances in electronic technology 
could erode the privacy and security of health information. 
Consequently, Congress incorporated into HIPAA provi- 
sions that mandate the adoption of federal privacy and 
security protections for individually identifiable health 
information. 


HIPAA Privacy Rule 


The HIPAA Privacy Rule pertains to three categories of 
“covered entities”—health care providers, health plans,*° 
and health care clearinghouses.* Health care providers are 
covered if they transmit health information electronically. 
Even a doctor in a small practice who keeps only paper 
records will almost certainly use a billing service that trans- 
mits information electronically. In short, it is nearly impos- 
sible to provide health care today without using electronic 
means in some way and therefore fall under the purview of 
the HIPAA Privacy Rule. 


Pub. L. 104-191. 

Health plan means almost anyone that pays for the cost of medi- 
cal care. This includes health insurance companies, HMOs (health 
maintenance organizations), group health plans sponsored by an 
employer, Medicare and Medicaid, and virtually any other company 
or arrangement that pays for your health care. 

Health care clearinghouses can be any number of organizations that 
work as a go-between for health care providers and health plans. An 
example of this would be a billing service that takes information from 
a doctor and puts it into a standard coded format. Patients rarely deal 
directly with clearinghouses. 


Chapter 199: Business Law and the Practice of Otolaryngology 


The HIPAA Privacy Rule generally safeguards the confi- 
dentiality of protected health information (PHI), which is 
defined as “individually identifiable health information” 
that is transmitted electronically, maintained electronically, 
or transmitted or maintained in any other form or medium.** 
It includes not only paper and electronic records but oral 
statements as well. Common documents that would be con- 
sidered to contain PHI would include (a) all components 
of the medical record, (b) information contained on billing 
cards or superbills, (c) information contained on hospital 
face sheets, and (d) information contained on other forms 
such as the financial consent, informed consent, and patient 
information sheets. 

The HIPAA Privacy Rule places restrictions on how a 
physician group can use PHI within the practice and how 
and when PHI can be disclosed to entities outside the 
practice. In general (with exceptions for emergencies), the 
privacy rule prohibits health care providers from using or 
disclosing PHI without first obtaining the patient’s HIPAA 
consent. The HIPAA consent is different from informed 
and financial consents in that the HIPAA consent is for 
“use” and “disclosure” of PHI. However, HIPAA consent is 
not required to use and disclose PHI for treatment, pay- 
ment, and operations.* If the physician group uses or dis- 
closes information for other purposes such as for certain 
research or marketing activities, a HIPAA authorization 
would have to be signed by the patient. 

Another important document that must be provided to 
the patient at the time of the HIPAA consent is the group’s 
HIPAA Notice of Privacy Practices.*4 This document is sepa- 
rate and apart from the HIPAA consent and must be posted 
in a conspicuous place in the physician’s office. The HIPAA 
notice is a document that must set forth a number of items 
including, but not limited to, (a) all of the different uses 
and disclosures of PHI that the physician group is permit- 
ted to make under the privacy rule, (b) how the patients 
can get access to their information, (c) the manner in which 
patients can complain to the group with regard to potential 
breaches of privacy, (d) a statement that the patient has the 
right under HIPAA to request certain restrictions on their 
PHI (note that the group is not required to agree to all 
restrictions), and (e) an explanation of the privacy policies 
and procedures that the practice has put in place. 

In addition to the HIPAA consent and notice require- 
ments, physician groups are also required under the privacy 
rule to implement privacy policies, establish formal safe- 
guards, and train the practice’s staff to ensure the privacy 
of PHI. In order to meet these administrative requirements, 


745 CER. §160.103. 

The privacy rule incorporates what it calls a “minimum necessary” 
standard when it comes to how much information should be dis- 
closed. Covered entities are required to limit the amount of informa- 
tion disclosed to others to the minimum necessary to accomplish the 
intended purpose. 45 CFR §§164.502(b), 164.514(d). 

445 CER §164.520(a) and (b). 
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organizations must first formally designate an individ- 
ual within the organization as the “Privacy Officer.” The 
Privacy Officer will be responsible for the “development 
and implementation” of the policies and procedures neces- 
sary for compliance under the HIPAA privacy rule.** These 
administrative requirements impose a focus on privacy 
that may have previously taken a back seat in the hectic, 
business-like atmosphere that often characterizes modern- 
day health care. 

In order to effectuate the required training, physician 
practices should have compliance programs in place, which 
should include HIPAA education as part of an annual com- 
pliance education in service. The education should focus 
on providing employees with a general understanding of 
HIPAA as well as explaining the policies and forms that 
will be put in place. Education should also include prac- 
tical tips to make certain that a patient's privacy is not 
breached, such as the following: 


1. Following phone protocols. A medical office must have 
specific guidelines for what information is given over 
the phone. Certain individuals like health insurance 
representatives or family members might have clear- 
ance to be told patient information, but other callers 
should be given only basic information that does not 
violate HIPAA. 

2. Protect workstations. A computer that has access to PHI, 
should always be locked when the person who uses it 
is away from the desk to prevent unauthorized use. 

3. Protect papers. Documents like medical claims and 
bills should be turned face down when the person who 
is responsible for them is away from the desk. The files 
must be kept in secure containers where they cannot be 
read by someone passing by. 

4. Use HIPAA-compliant waste baskets and shredders. 
Some offices have color-coded trash bins, one set for 
regular trash like apple cores and gum wrappers and 
another covered set of bins for documents. The docu- 
ments that go in the secure bins get shredded every day. 
The other trash bins get emptied by cleaning people at 
night. 


In addition to training its employees, practice groups must 
enter into agreements with each of their business associates 
(BAs) wherein the BAs agree to safeguard PHI provided by 
the group or PHI that the BAs access via permission of the 
group.** In general, BAs are independent entities that pro- 
vide services on behalf of the group that involve PHI. A list 
of common BAs for a practice may include the following: 


Billing companies 

Practice management companies 
Collection agencies 

CPA firms and law firms 


ee toe 


545 CFR $164.530(a)(1). 
645 CFR $§164.502€ & 164.504(e). 
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Independent compliance auditors 
Record storage companies 
Software vendors 

Cleaning services 


Coat St 


The HIPAA Security Rule 


Privacy and data security go hand in hand. The security 
tule, like the privacy rule, creates a national standard. This 
means that all health care providers, health plans, and 
health care clearinghouses that transmit information elec- 
tronically must adopt a data security plan. 

Only PHI maintained or transmitted in electronic for- 
mat (EPHI) is covered by the security rule.*” For example, 
EPHI would include billing information contained on a 
computer system, electronic medical records, and com- 
puterized patient scheduling systems in an ENT practice. 
Although nonelectronic PHI (eg., hardcopy medical 
charts) is not covered by the HIPAA security rules, this 
information is still protected by the HIPAA privacy rules. 

The security rule, according to the HHS, was designed 
to be flexible, establishing a security framework for small 
practices as well as large institutions. All covered entities 
must have a written security plan.** 

The general requirements of the HIPAA Security Rule 
mandate that covered entities do all of the following: 


1. Ensure the confidentiality, integrity, and availability of 
all EPHI that the entity creates, receives, maintains, or 
transmits 

2. Protect against any reasonably anticipated threats or 
hazards to the security or integrity of such information 

3. Protect against any reasonably anticipated uses or dis- 
closures of such information that are not permitted or 
required by the HIPAA Privacy Rule 

4. Ensure workforce compliance®” 


To achieve compliance with the general HIPAA Security 
Rule requirements set forth above, covered entities are 
required to meet 18 standards. In order to meet each 
of these standards, the HIPAA Security Rule sets forth 
implementation specifications that serve as the instruc- 
tions for compliance with each standard. There are two 
types of implementation specifications, “required” and 
“addressable.” 

Required implementation specifications must be 
implemented as set forth in the HIPAA Security Rule. 
Addressable implementation specifications allow covered 
entities to implement alternative specifications instead of, 
or in combination with, the implementation specifica- 
tion set forth in the HIPAA Security Rule. If an alternative 
approach is taken, the entity must document its decision 


745 CER $160,103. 
3845 CFR $§164.306(b)(2) and (e). 
945 CER $164.306(a). 
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not to implement the HIPAA Security Rule’s implementa- 
tion specification, the rationale behind its decision, and 
the alternative approach that it has chosen. The standards 
and their related implementation specifications are broken 
down into three broad categories: (a) administrative safe- 
guards,*° (b) physical safeguards,’ and (c) technical safe- 
guards.’ The administrative safeguard standards require 
entities to analyze the risks of unauthorized disclosure of 
EPHI within the entity, implement a number of required 
policies and procedures, and maintain certain documen- 
tation to manage and minimize risk. Physical safeguard 
standards deal with the security measures taken to protect 
buildings and equipment, which house EPHI, from natural 
and environmental hazards and unauthorized intrusion. 
The policies and procedures required under this standard 
include policies to protect the physical locations that house 
electronic equipment, as well as to protect the equipment 
itself. Technical safeguard standards deal with the techno- 
logic measures to safeguard and control access to EPHI as 
well as the development and implementation of policies 
and procedures dealing with the use of technology. 

To address HIPAA security, the following action plan 
should be implemented: 


1. Appoint a Security Officer (this is required under the 
rule**) who must review and understand the require- 
ments of the rule. The Security Officer may need to seek 
outside assistance from attorneys or consultants versed 
in the HIPAA Security Rule. 

2. Identify BAs that are creating, receiving, or transmitting 
EPHI for the practice and include HIPAA security lan- 
guage in the BA agreement. 

3. Inventory EPHI and electronic systems within the prac- 
tice and begin working on the required policies and 
procedures. 

4. Conduct required security training with all workforce 
members. 


Why Physician Offices Must Be HIPAA 
Compliant 


HIPAA sets a national standard for accessing and handling 
medical information. Before HIPAA, the right to privacy of 
health information varied from state to state. Now, health 
care providers, health plans, and other health care services 
that operate in all states have to abide by the minimum 
standards set by HIPAA. Any state is free to adopt laws that 
give patients more privacy, but it cannot take away the basic 
rights given by HIPAA.“4 Compliance with HIPAA’s privacy 
and security requirements is mandatory, and failure to 


445 CFR §164.308(a). 

145 CER §164.301 (a) to (d). 

#45 CER §164.312(a), (b), (c), and (e). 
45 CFR §164.308(a)(2). 

“445 CPR §§164.202, 164.203. 
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comply could lead to civil and criminal penalties. In 2009, 
the Health Information Technology for Economic and 
Clinical Health (HITECH) Act was passed, which, in part, 
strengthens HIPAA’s privacy and security protections and, 
notably, increases its enforcement rules. 

The HHS Office of Civil Rights (OCR), which in addi- 
tion to its responsibility for enforcing the HIPAA Privacy 
Rule was given responsibility in July 2010 for security rule 
enforcement too, has implemented a stronger enforcement 
program in the form of HIPAA privacy and security audits. 
The OCR’s implementation of proactive HIPAA compliance 
audits, required under the provisions of the HITECH Act, 
marked a shift from the largely reactive approach to com- 
pliance and enforcement seen since the HIPAA Privacy and 
Security Rules went into effect in 2003 and 2005, respec- 
tively. The audits will focus on how covered entities are 
meeting specific HIPAA requirements such as implementa- 
tion of appropriate safeguards and seek evidence that risk 
analysis, contingency planning, and other key activities are 
in fact being carried out. In concert with stronger procedural 
methods for enforcement, the HITECH Act also increased 
the civil and criminal penalties for noncompliance, gave 
state attorneys general the right to sue covered entities for 
violations on behalf of state residents, and mandated for- 
mal investigations for any cases of HIPAA violations involv- 
ing willful neglect. Collectively, all of these measures must 
make compliance a bigger priority for HIPAA-covered enti- 
ties (and BAs too, since HITECH extended most HIPAA 
requirements to apply directly to them as well). 


OPERATIONAL ISSUES 
Office Electronic Medical Records 


Electronic medical records lie at the center of any comput- 
erized health information system. However, there is no law 
that requires medical practices to adopt electronic records. 
Nonetheless, the HITECH stimulus act does threaten non- 
adopters with cuts in their Medicare reimbursements. The 
cuts begin in 2015 and increase to a maximum of 5% of 
the reimbursements. As such, while not a mandate or law 
requiring the adoption of electronic medical records, the 
HITECH Act strongly encourages physicians to do so. 

One of the primary purposes of the HITECH Act and 
the regulations promulgated under HITECH is to promote 
use of electronic health records (EHRs) in a manner that 
advances quality, safety, and efficiency of patient care. To 
that end, the HITECH Act not only includes provisions to 
protect the privacy and security of patient health informa- 
tion contained within EHRs but also provides for signifi- 
cant financial incentives under Medicare and Medicaid to 
eligible health providers who demonstrate meaningful 
use of EHRs. HITECH specifically authorizes the CMS to 
provide reimbursement incentives for eligible profession- 
als and eligible hospitals who are successful in becoming 
“meaningful users” of EHRs. 
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On July 13, 2010, CMS issued the Final Rule*’ titled 
“Medicare and Medicaid Programs; Electronic Health 
Record Incentive Program” (the “Final Rule”), which sets 
forth the criteria that eligible health providers must sat- 
isfy to demonstrate meaningful use of EHRs sufficient to 
receive incentive payments from the federal government. 


Meaningful Use Criteria 

Under the Final Rule, achieving meaningful use requires 
using certified EHR technology to achieve improvements 
in quality, safety, and efficiency in health care (i.e, physi- 
cians will not be able to achieve meaningful use through 
the adoption of EHRs alone). The Final Rule divides the 
meaningful use criteria into a “core” group of required 
objectives and a “menu set” of procedures from which 
providers can choose. This “two-track” approach ensures 
that the most basic elements of meaningful EHR use will 
be met by all providers qualifying for incentive payments 
while also allowing latitude in other areas to reflect the 
varying needs of providers pursuing full EHR use. 

This Final Rule (Stage 1 of 3) will apply only to the first 
two (2) years of the federal meaningful use incentive pro- 
grams. Stages 2 and 3 will include more stringent require- 
ments for achieving meaningful use of EHRs in the future.** 


Physician Eligibility 
Eligible physicians, who for purposes of Medicare gener- 
ally include doctors of medicine or osteopathy, dentists 
or dental surgeons, podiatrists, optometrists, and chiro- 
practors, began registering for the EHR meaningful use 
Medicare/Medicaid incentive program in January 2011. 
Payments under the incentive program began in May 2011. 
Importantly, hospital-based physicians are not eligible for 
the Medicare incentive payments and, subject to certain 
limited exceptions, are also not eligible for the Medicaid 
incentive payments. Under the Final Rule, CMS defines hos- 
pital-based physicians as those who furnish at least 90% of 
their professional services within an inpatient hospital or 
an emergency room hospital. Typical examples of hospital- 
based physicians include pathologists, anesthesiologists, 
hospitalists, or emergency physicians. CMS will determine 
noneligibility based upon site of service codes. In other 
words, physicians providing services in outpatient settings, 
including ambulatory clinics, are eligible for incentives. 
Some physicians believe that being exempt from eligibil- 
ity for the Medicare/Medicaid EHR incentives is a desirable 
result. This is due to the fact that hospital-based physi- 
cians who are exempt from otherwise available incentives 


75 FR 44590. 

‘The requirements contained within each of the three stages have 
been hotly debated, most notably by the physician specialists. These 
specialists have repeatedly complained that the requirements are only 
realistically attainable by the primary care physicians, and as a result, 
they will face financial sanctions for being unable to meet unattain- 
able goals in the meaningful use of EHR. 
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will also be exempt from the penalties that will begin in 
2015 if a provider fails to meet the meaningful use require- 
ments. According to many specialty groups, this is particu- 
larly significant since they will find it difficult to meet the 
meaningful use requirements because the measures either 
do not apply to their specialty or they are not reportable 
through their specific practice’s information management 
systems. 


Understanding Your Electronic Medical Record 

As noted earlier in this chapter, physicians are facing 
unprecedented scrutiny in the submission of claims. For 
example, with respect to Medicare claims, not only do 
Medicare Affiliated Contractors (MACs), Medicare Carriers, 
and Intermediaries conduct their own audits, but also 
Medicare’s RAC program is operational nationwide and 
has been expanded to include Part C and Part D claims, 
and Zone Program Integrity Auditors (ZPICs) and PSCs 
are conducting nationwide benefit integrity audits. With 
respect to Medicaid claims, MICs are actively auditing 
claims, and the RAC program is expanding to Medicaid 
claims as well. Physicians must be cognizant of this 
increased claims scrutiny and conduct themselves accord- 
ingly, with an increased focus on compliance. 

Certain compliance issues are heightened with the 
use of electronic medical records. Auditors and medical 
reviewers routinely deny claims because an item or service 
is found not to be medically necessary. As such, it is essen- 
tial that when a physician documents a service performed, 
such documentation must establish for the reviewer the 
medical necessity of the service rendered. There are special 
compliance issues that arise with respect to the use of elec- 
tronic medical records, particularly with respect to issues 
of medical necessity. For example, many electronic medical 
records have built in “time savers,” such as self-populating 
fields that insert a patient's medical history or procedural 
history into each record. These time-saving devices ulti- 
mately may hurt a provider if not used correctly, should the 
provider be subject to an audit. Auditors and claim review- 
ers may deny claims for medical necessity if it appears that 
the documentation is not tailored to the service performed 
but is merely a template. Each record should be distinct 
from the next. Additionally, auditors and claim reviewers 
may deny claims if they find that the medical records asso- 
ciated with the service or procedure are internally incon- 
sistent. For example, claims have been denied because the 
medical record states in one area: “patient has no com- 
plaints of pain,” but in another area states: “patient pres- 
ents with severe pain.” Providers using electronic medical 
records must ensure that they understand the capabilities 
of the software, have knowledge regarding which fields 
self-populate, and tailor each record to the patient’s condi- 
tion at the time of assessment. 

With the coming of quality assessment programs from 
the government or commercial payers, the need exists 
for the inexpensive collection of quality data through 
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a limited series of questions, typically less than 10. 
Independent of any externally mandated data collection 
effort you need to understand your practice and how you 
can better serve your patients. Several kinds of systems are 
available for use including the manual review of paper or 
electronic medical records, paper forms completed by the 
patient or staff, interactive voice response systems, local 
electronic data capture systems, or central web-based 
systems. The advantages and disadvantages of each sys- 
tem are beyond the scope of this chapter. Your chosen 
system should permit you to capture information easily 
into a readily accessible format (usually electronic) easily 
manipulated by you or your staff. Careful consideration 
should be given to the capacity of a practice through its 
EMR or other systems to acquire information in a cost- 
effective timely manner. 

Use of the Shewhart cycle or PDCA (Plan, Do, Check, 
Act—repeat) has proven to be a useful tool for process 
improvement. Focus on the correction of issues prevent- 
able by process improvement. Identify the root cause 
(people, processes, tools, materials) of issues. The pur- 
pose of data acquisition is not to improve the outcome 
by measuring it, but to improve its production process. 
However, if the outcome is unknown or variable in its out- 
come, document the processes that produce the desired 
outcome. If the process is variable, the process must first 
be stabilized, and then measured against stakeholder 
expectations. As long as the process is unstable, it will 
be impossible to make systematic changes to the process 
and get uniform results. A stable production process will 
prevent errors and assure ongoing consistent quality out- 
comes. Often true medical outcomes are often too costly 
in time, effort, or money to measure, and interim process 
measures must be utilized. Picking an interim process 
step or outcome that has face validity maybe acceptable 
alternative. Whenever possible, identify and use standard- 
ized data definitions to facilitate comparisons with sur- 
rogate data. 


Social Media and E-mail Communication 


As with all businesses, medical practices face competi- 
tion from other offices in their area and must differenti- 
ate themselves by portraying value and quality to their 
prospective clients. The use of social media outlets like 
Facebook, or collaboration tools like blogs or wikis, has 
provided a place for patients to learn about a physician’s 
practice and decide on the value and quality of the practice 
before they become a patient. As a result, health care pro- 
viders are more frequently utilizing social media to mar- 
ket their practices and to dispense health information. In 
doing so, however, it is critical for any provider or practice 
to ensure that their use of social media outlets does not 
inappropriately invade the physician—patient relationship 
or erode a continued positive Internet presence for health 
care providers. 
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With these goals in mind, the AMA adopted recom- 
mendations for physician use of social media.‘ The 
guidelines recommend that physicians utilize privacy set- 
tings on social media Web sites and develop appropriate 
mechanisms to monitor their Internet presence for accu- 
racy and appropriateness. The AMA also suggests that 
health care providers maintain proper boundaries when 
interacting with patients on the Internet and exercise good 
faith efforts to protect their clients’ privacy and confiden- 
tiality. Finally, the AMA cautions physicians to be mind- 
ful of the potential negative implications arising from the 
use of social media on their reputations and professional 
careers. 

E-mail communication between physicians and patients 
within a professional relationship, in which the physician 
has taken responsibility for the patient’s care, is also on the 
rise. Although the use of e-mail communication within 
this professional relationship can certainly be useful and 
effective, caution must be exercised when used for urgent 
matters or when relaying confidential information in that 
privacy and security measures are in place. Those patients 
who a provider communicates with via e-mail must have 
an understanding of the need to call the provider's office 
directly if the matter is urgent (requiring a response on the 
same day) and have a clear understanding of the expected 
response time on nonurgent e-mails. This can best be 
accomplished by written statements on all e-mail com- 
munications with patients that clearly states the relevant 
expectations and understandings. 

The AMA has also issued guidelines governing the use of 
e-mail within the physician-patient relationship.’* Within 
these guidelines, the AMA urges against the use of e-mail 
communications as replacing “the crucial interpersonal 
contacts that are the very basis of the patient-physician 
relationship” but that it only be used to enhance such 
contacts. 


Hospital Call 


A physician’s duty to undertake hospital emergency 
department call and whether or not the hospital is 
required to pay for such call coverage (and if so, how 
much) is a complicated and evolving matter with vast 
ethical, legal, and medical implications. Typically, hospi- 
tals require physicians within certain specialties to share 
in some minimal amount of emergency department call 
coverage in order for the hospitals to meet certain federal 
and state quality of care requirements (e.g., EMTALA) and 
therefore mandate that these physicians provide some 
minimal call coverage in order to obtain and maintain 
medical staff privileges at the hospitals. However, over 
the years, in certain geographic areas, there has been a 


47AMA Policy: Professionalism in the Use of Social Media. www.ama- 
assn.org/ama/pub/meeting/professionalism-social-media_print.html 
“AMA H-478.997 Guidelines for Patient-Physician Electronic Mail 
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reduction in the willingness of physicians to provide such 
coverage, in part, due to an increase in the number of 
uninsured patients receiving their only care in emergency 
rooms, a shortage of certain specialty physicians, falling 
reimbursement for certain specialty physician services, 
and a perceived increase in the risk of lawsuits to the phy- 
sician if the physician provides such coverage. In August 
1992, the OIG published a report on Specialty Coverage 
in Hospital Emergency Departments, which found that 
“sixty-seven percent of hospitals report that they encoun- 
ter difficulty ensuring coverage for at least one specialty 
service they offer in their emergency departments.” The 
report also indicated that only about 10% of the hospi- 
tals encouraged specialty physicians to provide emergency 
care by offering them direct compensation for being on 
the on-call list. At the time, the OIG strongly encouraged 
physicians, hospital administrators and boards, consum- 
ers and advocacy groups, health insurers, and government 
officials to get together and address the issue immediately. 
Unfortunately, approximately 20 years later, we are still 
faced with the same issues. 

When physicians request compensation for provid- 
ing the additional emergency department call coverage 
requested by the hospital in order to offset the physicians’ 
aforementioned financial concerns, legal issues arise. Such 
compensation may run afoul of numerous federal and state 
laws governing hospital—physician relationships including, 
but not limited to, the federal AKS and Stark regulations. 
Moreover, nonprofit hospitals also need to be aware of IRS 
regulations pertaining to private inurement and benefit 
issues to maintain their nonprofit status. The remainder 
of this article focuses on how such compensation may run 
afoul of the federal AKS. 

The OIG has expressed concern that payments by 
hospitals for ER call coverage could be easily misused 
to entice physicians to join or remain on the hospital’s 
staff or to generate additional business for the hospital 
in violation of the AKS. While the AKS bars the parties 
from making unlawful kickback payments in any form, 
it does not compel physicians to provide on-call services 
for free. As with any compensation relationship between a 
hospital and a physician, compensation for ER call cover- 
age must be at fair market value for actual and necessary 
services rendered based upon an arm’s length transaction 
and cannot take into account, directly or indirectly, the 
value or volume of any past or future referrals or other 
business between the parties. On-call compensation will 
be scrutinized to ensure that it is not a vehicle to disguise 
improper payments for referrals. Although the OIG does 
not opine on whether a certain dollar amount is or is not 
at fair market value per se, it has published two instruc- 
tive advisory opinions that should guide physicians and 
hospitals when deciding an appropriate on-call compen- 
sation arrangement. 

On September 20, 2007, the OIG issued Advisory 
Opinion 07-10, which provides some guidance as to how 
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to structure such compensation arrangements to avoid AKS 
violations. Included in the Advisory Opinion were state- 
ments by the OIG that warned against on-call compensa- 
tion arrangements: (a) based upon lost opportunity (i.e., 
payments that do not reflect bona fide/actual lost income 
to the physician), (b) where physicians are compensated 
and there are no identifiable services provided, (c) involv- 
ing aggregate payments that are disproportionately high 
compared to the physician’s regular practice income, and 
(d) wherein the physician receives separate reimbursement 
from insurers or patients in addition to the hospital’s on- 
call payment resulting in the physician being paid twice 
for the same services. The OIG approved the per diem pay- 
ment arrangement to physicians who were willing to (a) 
participate in an equal prorate share of on-call coverage, 
(b) provide follow-up inpatient care, (c) timely respond 
to calls, (d) appropriately document the services pro- 
vided, (e) participate in quality programs, and (f) provide 
1.5 days of uncompensated on-call coverage per month. 
The per diem rate was based upon (a) the physician’s spe- 
cialty, (b) the severity of the illness typically seen by that 
specialty, (c) the likelihood of having to respond to call 
or provide follow-up care, and (d) whether the coverage 
was on a weekday or weekend (which resulted in a slightly 
higher fee). 

On May 14, 2009, the OIG issued Advisory Opinion 
09-05, which provided some additional guidance on 
how to structure an AKS-compliant on-call compensation 
arrangement. The OIG approved an alleged FMV flat fee- 
for-service arrangement where, in order to be reimbursed 
for claims provided to indigent and uninsured patients 
treated at the hospital’s ER, the physicians were required to 
(a) participate in an on-call rotation, (b) provide follow-up 
inpatient care, (c) timely respond to calls, and (d) evalu- 
ate the patient in person. The flat fee schedule was deter- 
mined based upon patient acuity levels, average length of 
stay, physician time commitment for each kind of service, 
and consideration of the fees paid by public, private, and 
self-payors for such services. 

On October 23, 2012, the OIG issued Advisory Opinion 
12-15, to address an inquiry regarding a hospital’s pay- 
ment of per diem fees to physicians for providing on-call 
coverage for unassigned patients presenting to the hospi- 
tal’s ER. The hospital’s arrangement involved 130 specialist 
physicians who provide unrestricted call coverage for the 
ER per written agreement whereby they agree to respond 
within a required time frame, provide inpatient care and 
follow-up care in their office practices for ER patients 
whom they admit, timely prepare medical records, and 
Participate in medical staff committee appointments—all 
regardless of an ER patient's insurance status or ability 
to pay. The hospital created an uniform per diem fee to 
be paid to the physicians providing such call in each spe- 
cialty based upon numerous factors associated with each 
specialty’s call burden including the number of days per 
month that a specialist would likely be called, the number 
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of patients likely to be seen per call day, and the number of 
patients likely to require inpatient and follow-up care. The 
hospital retained an independent consultant who opined 
that the per diem rate was consistent with fair market value 
without regard to the volume or value of referrals or any 
individual physician’s referral pattern. The OIG warned 
against arrangements that pay for “lost opportunity” (as 
opposed to true lost income), which pay more than FMV, 
or which pay physicians for services for which they already 
receive separate reimbursement. Nonetheless, the OIG 
approved the arrangement based upon similar factors set 
forth within Advisory Opinions 07-10 and 09-05 includ- 
ing that the per diem payments: (a) were consistent with 
fair market value and tailored to reflect the call coverage 
burden applicable to each specialty; (b) were calculated 
and allocated in advance each year without regard to physi- 
cian referral patterns; (c) were the only payment available 
to the physicians for a significant amount of care provided; 
(d) were offered to all specialists in staff required to pro- 
vide unrestricted call coverage under the hospital’s bylaws; 
and (e) did not result in any additional costs to the federal 
health healthcare programs. 

With the increasing desire to have specialists on call at 
hospitals, there will likely be more guidance issued in the 
future to address such matters. 


m The business of medicine is complex. Obtain key 
advisors and specialists to assist you in the manage- 
ment of your practice. 

m= Ultimately, you, the physician, are responsible for 
your provider number. You need to be familiar with 
the billing rules. 

m Bad results do not in and of themselves result in a 
potential malpractice risk. Communication break- 
downs are often at the heart of many malpractice 
actions. 

m Malpractice claims require four basic elements: estab- 
lishing the medical provider had a duty of care, that 
the duty was breached by conduct not in accordance 
with a standard of care, that the breech was the cause 
of the injury, and the plaintiff suffered damages. 

m The discovery phase is the nuts and bolts of the liti- 
gation process. In it the physician learns the exact 
nature of the charges being advanced and the steps 
necessary to defend the claim. Preparation is para- 
mount as few cases are won during the discovery but 
many more are lost. 

= Settlement of a malpractice action may be the best 
course of action based upon the jurisdiction, judge, 
attorney, physician factors, convenience, merit, or 
an emotional standpoint. 
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= Two professional liability insurance policies are 
available: occurrence and claims made. The former 
offers protection from losses that occur while the 
policy is in effect. Claims-made policies offer pro- 
tection from claims made during a specific time 
period. Upon termination, tail coverage is often 
necessary with a claims-made policy. 

= Protection of your personal assets is a top priority. 
Professional liability insurance, the use of IRAs or 
employee benefit plans, life insurance, and the ser- 
vices of an experienced estate planner, accountant, 
or tax expert may be a few of the strategies used to 
protect personal assets. 

m Empiric evidence tying malpractice and tort reform 
to medical malpractice litigation is limited and 
provides little support for the contention that it is 
the most effective means of managing skyrocketing 
malpractice premium rates or reducing health care 
costs. Further defensive medicine is motivated by 
more than fear of litigation. 

m The Physician Self-Referral Law, commonly referred to 
as the Stark Law, prohibits a physician (or immediate 
family member) from making referrals of DHS such as 
laboratory services, DME, home health, hospital ser- 
vices, radiology and other imaging services, PT, OT and 
speech services, and radiation therapy for Medicaid or 
Medicare patients to an entity they have a financial 
relationship with without an exception. Proof of spe- 
cific intent to violate the law is not required. 

m The Antikickback Statute makes it a crime to knowingly 
and willfully offer, pay, solicit, or receive any remunera- 
tion (anything of value) for referral of items or services 
reimbursable by a federal health care program. 

= Physicians need to develop and maintain systems in 
their practice to oversee coding, billing, and docu- 
mentation for services rendered. Physicians should 
steer clear of any situation in which their decision 
making with respect of patient referrals or use of 
products is based upon anything other than what is 
medically necessary and appropriate. 

m= The seven components of a compliance program 
include conducting internal monitoring and audit- 
ing, implementing compliance standards, having a 
compliance officer or designate, conducting educa- 
tion and training, responding in a timely and appro- 
priate fashion to detached offenses and developing 
corrective action plans, keeping communication 
avenues open with patients and staff, and enforcing 
disciplinary standards. 

m= Licensure actions arise out of complaints and 
should prompt appropriate counsel and response at 
the earliest possible stage. 

m Organizing a practice has seven basic steps: estab- 
lishing the business entity, obtaining an IRS federal 


3301 


tax identification number, protecting the name and 
any intellectual property, developing the governing 
documents of the business, adopting the necessary 
corporate resolutions to ratify the business entity, 
enrolling in third party insurance plans, and open- 
ing business accounts and obtaining the necessary 
insurance. 

m The HIPAA safeguards the confidentiality of PHI 
that is transmitted electronically. Virtually every 
practice is covered by this act even if you chose not 
to use an electronic medical record. 

m Compliance issues related to medical necessity are 
highlighted when documentation in the electronic 
medical records is not tailored to the service per- 
formed but is merely a template. 
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Compliant Documentation, 
Coding, and Billing in the 


Practice of Otolaryngology— 
Head and Neck Surgery 


How many physicians look forward to learning about 
documentation and coding? Probably as few as the num- 
ber of businessmen who want to learn the details of the 
tax code. Yet documentation and coding are as integral to 
the practice of medicine as accurate bookkeeping and cor- 
rectly filing taxes are to anyone operating a business. From 
their earliest exposure to performing history and physical 
examinations, medical students who have great teachers 
are admonished that their documented medical record for 
each patient encounter should be an accurate and under- 
standable reflection of the medical care they provided and 
the thought process they followed. (As summarized by 
the great medical record innovator Dr. Lawrence Weed, 
“It’s not sufficient to just know what was done. It’s a very 
incomplete record if we don’t know why it was done” (1). 
What is, however, seldom appreciated and rarely taught is 
that the use of creatively designed medical record docu- 
mentation tools can improve quality, compliance, and 
efficiency for recording diagnostic and surgical procedures 
and especially for documenting and coding evaluation and 
management (E/M) care. When used for documenting E/M 
services, effective medical record tools also increase work- 
flow efficiency and promote physicians’ diagnostic patient 
care process. The benefits of effective documentation fur- 
ther extend to include audit compliance, medicolegal pro- 
tection, communication with other physicians, and, most 
importantly, helping to ensure optimal patient care for 
both current and future visits. 

While physicians almost universally understand the 
role that coding plays in filing claims for insurance, they 
must also appreciate its role in data retrieval and informa- 
tion processing. In the office setting, diagnostic and pro- 
cedure codes are the gateway to accessing the records of 
patients who have undergone specific procedures or who 
have been diagnosed with particular illnesses. Accurate 
coding facilitates chart review and analysis of the success 
of various treatment options, as well as initiating patient 
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recalls under appropriate circumstances. These individual 
practice benefits are magnified by combining related data 
from large numbers of physician practices, facilitating 
“comparative effectiveness research” (CER), which is one 
of the promised benefits of widespread use of electronic 
health records (EHRs). The requirement for coding cor- 
rectly has been underscored by the proliferation of coding 
and health information management (HIM) profession- 
als, who in various settings may be employed to review, 
assist, or even replace coding by physicians. However, even 
if their hospital or practice employs coding professionals, 
physicians need to understand coding fundamentals to 
achieve correct codification of patient care and to ensure 
receiving proper payments for their services. 


Why do physicians so frequently complain that the tasks 
of creating consistently compliant (2) documentation 
and coding are confusing, challenging, and/or unrelated 
to their goals for medical practice? It is far easier to learn 
how to identify the precise procedure and diagnostic codes 
for excision of a benign neoplasm of the lateral lobe of a 
parotid gland with dissection and preservation of the facial 
nerve (CPT code 42145 and ICD-9 code 201.2) than it is 
to master the surgical technique required to perform that 
challenging operation safely and well. Similarly, with a 
relatively small amount of training combined with com- 
pliantly designed (and physician-friendly) medical record 
forms, it is far easier to perform and document the medi- 
cally indicated level of care for a new patient with probable 
Meniere's disease (CPT code 99204 and ICD-9 code 386.01) 
than it is to master the optimal evaluation and manage- 
ment pathways for each patient who presents with signifi- 
cant vertigo. 
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This author believes there are three factors creating 
barriers to logically and naturally incorporating precise 
documentation and accurate coding into optimal medical 
workflow and patient care excellence: 


m Lack of early training in coding principles and their inte- 
gration into medical care 

m Lack of efficient and compliant documentation tools 
that can enable physicians to create documentation at 
the level and precision that is taught and required 

m Lack of teaching physician and practicing physician role 
models who excel in compliant documentation and coding 


All three of these deficiencies could, and should, be rem- 
edied by introducing effective curricula and documenta- 
tion tools at the appropriate junctures during medical 
education. For example, effective documentation of a com- 
prehensive history and physical examination (the “H&P”) 
is traditionally taught as the first medical school course in 
clinical medicine, and this meaningful clinical documenta- 
tion almost exactly parallels the compliant H&P required 
for evaluation and management (E/M) documentation 
and coding. This would be an optimal time to introduce 
sophisticated documentation tools to help young physi- 
cians provide and document the desired level of care com- 
pliantly. Use of such tools would also allow students to 
achieve good care far more efficiently than the “time-hon- 
ored” approach of documenting with only a blank sheet 
of paper and a pen. As almost all physicians have expe- 
rienced, performing and documenting a comprehensive 
H&P with such primitive technology requires between 45 
and 90 minutes per patient encounter; this is the medical 
record equivalent of training students to examine the tym- 
panic membrane using nothing more advanced than direct 
vision with an open ear speculum or to auscultate the heart 
by placing their ear directly against the patient's chest. 

The demands of our current medical environment 
require practicing physicians, academic physicians, resi- 
dents, and even medical students to complete patient 
encounters within 10 to 20 minutes. Unfortunately, failure 
to provide sophisticated documentation tools that facilitate 
performing and documenting extensive care within this 
time frame has forced student physicians (and now their 
professional supervisors and role models) to abandon the 
high-quality history taking and physical examination they 
were taught to perform. As a consequence, most physi- 
cians currently provide and record only “problem-focused” 
patient care, which creates compliance problems for their 
evaluation and management services. The current transfor- 
mation to EHRs offers a welcome window of opportunity 
to provide such tools, but unfortunately most current EHR 
data entry designs have failed to facilitate the recording of 
individualized (patient-specific and visit-specific) documen- 
tation that “meet all of the optimal standards that physi- 
cians should apply to introduction of any medical record 
technology... usability, efficiency, E/M compliance, promo- 
tion of individualized quality care, and data integrity” (3). 
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Since the mid-1970s, probably the most commonly 
used reference text for teaching medical students the 
principles of obtaining and documenting a high-quality 
history and physical examination is the Bates’ “Guide to 
Physical Examination and History Taking” (4). Reveal- 
ingly, comparing both the E/M section of the AMA pub- 
lication “Current Procedural Terminology” (5) (CPT) 
and the American Medical Association (AMA)/Centers 
for Medicare and Medicaid Services (CMS) publication 
“Documentation Guidelines” (6) with the Bates’ Guide 
text of clinical practice makes it apparent that “this ref- 
erence book is unquestionably the source of the E/M 
coding system. The descriptions of medical history and 
physical examination match concept for concept, para- 
graph for paragraph, and often almost word-for-word 
among the three documents. This includes not only the 
broad concepts, but also the details such as the various 
organ systems listed in the review of systems and physi- 
cal examination and the specific definitions for chief 
complaint (CC) and history of present illness. It also in- 
cludes a similar overview of formulating and document- 
ing clinical assessments and treatment plans. Most im- 
pressively, the Bates’ Guide also presents the concept of 
the ‘nature of the patient's problem’ This component of 
patient assessment parallels CPT’s similarly named E/M 
component ‘nature of the presenting problem’ (NPP), 
which plays a pivotal role ... in helping physicians un- 
derstand how an effective E/M system promotes excel- 
lence in patient care. 

In summary, the E/M coding system is actually a cod- 
ification of the medical diagnostic process that all physi- 
cians learn in their training as being the most effective 
method for providing high-quality patient care. Making 
physicians aware of this relationship allows them to 
view compliance-based records from a fresh perspec- 
tive: rather than being an added chore at the conclu- 
sion of patient care, carefully designed IMR (Intelligent 
Medical Record) tools can help physicians comfortably 
provide optimal care within a time frame that meets the 
limitations of the current health care environment” (7). 


In the optimal documentation and coding model pre- 
sented here, medical students would receive medical record 
tools and instruction that together facilitate their ability to 
provide the comprehensive (and compliant) H&P taught 
during their early clinical training. This monitoring and 
mentoring of patient care and documentation should con- 
tinue throughout residency training as well. In addition, 
it appears reasonable and logical that, at the onset of resi- 
dency training, effective and compliant documentation tem- 
plates should be introduced for recording diagnostic and 
therapeutic procedures, helping residents develop, practice, 
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and thereby maintain effective procedure documentation 
techniques from the outset. 

Finally, the beginning of residency training would also 
be an optimal time to introduce the fundamental concepts 
of coding for procedures (CPT coding) and diagnoses (ICD-9 
coding, soon-to-be replaced by ICD-10 coding). These 
alphanumeric codes provide a shorthand “language” for 
recording and reporting the care physicians provide. Just as 
early childhood is the most successful learning time frame 
for introducing an individual to a new language, incorpo- 
rating coding as a parallel language early in residency will 
enable young physicians to speak this language fluently. 

Unfortunately, our medical training programs do not 
currently provide this idealized approach to incorporat- 
ing effective documentation and coding skills and tools 
as an integral component of learning medical care excel- 
lence. Instead, upon completing residency training, most 
physicians are plunged unprepared into the chilling waters 
of creating documentation that must meet regulatory 
demands for coding and billing, performance measures, 
medicolegal protection, and compliance reviews. This cur- 
rent reality calls for an explanation of documentation and 
coding that can make these principles understandable and 
workable for practicing and academic physicians, for resi- 
dents, and even for medical students. 

The remainder of this chapter is devoted to presenting 
the basic principles of each component of coding and doc- 
umentation and examining their interplay with the current 
payment system in the United States. This includes exam- 
ples of structured documentation tools capable of incorpo- 
rating these principles into the normal workflow of quality 
patient care, and it underscores the basic tenet that proper 
coding and documentation must accurately report the care 
provided, not distort that care to meet external regulatory 
demands. 


DOCUMENTATION FUNDAMENTALS 


Hippocrates probably documented his patient care by writ- 
ing freehand on parchment with a quill pen. As his patient 
volume increased with his widening fame, he probably 
began to experience the time limitations of creating accu- 
rate records using such limited technology. Yet over the 
next several thousand years, the only significant techno- 
logic advances for improving medical documentation were 
the introduction of milled paper and the ballpoint pen. 
With mounting time pressures, many physicians increased 
their writing speed by becoming less and less legible, 
some even attaining a level of illegibility that left them 
unable to read their own notes. A significant alternative for 
recording care finally appeared in the 20th century in the 
form of dictation. This offered physicians an option that 
was definitely legible and could also be faster than writ- 
ing an entire record in longhand. In addition, however, it 
added the often-significant cost of transcribing the dictated 
records into paper documents. 
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Whether created by handwriting or dictation, the final 
medical records were stored as paper documents, which 
have inherent limitations in ease of access and costs of 
storing, retrieving, and sharing the records, as well as min- 
ing them for data. The heralded introduction of EHRs 
offers solutions to these information storage and retrieval 
problems, but it has also introduced a broad spectrum 
of challenges to effective data entry. Early on, physicians 
adopting EHRs were required to type their medical obser- 
vations into the software programs, a process that is not 
only usually slower than either dictation or writing but 
also creates barriers to good patient-physician interaction 
(or alternatively leads to the double effort of physicians 
writing notes to themselves on paper, which they then use 
to type their notes at the end of the day, long after seeing 
their patients; this is a suboptimal and perhaps noncom- 
pliant solution to the data entry challenge). Eventually, 
some electronic records introduced full or partial dicta- 
tion alternatives, but many have also introduced a variety 
of automated data entry shortcuts by copying and past- 
ing blocks of text from previous records and/or from pre- 
loaded generic descriptions. While speeding the process of 
documenting a patient encounter, these shortcuts severely 
curtail individualized documentation, introducing signifi- 
cant problems with compliance (8-10) and challenges in 
understanding what was actually performed (and why it 
was performed) during each encounter. Fortunately, effec- 
tive data entry solutions are achievable, and these are also 
able to provide documentation that is accurate, individu- 
alized, and efficient. Physicians should therefore establish 
criteria that the data entry features of EHR systems must 
meet to ensure usability, efficiency, compliance, data integ- 
rity, and promoting quality care. 


Toolkit for Designing Medical Records to 
Meet Physicians’ Needs 


There are several medical record documentation tools that 
can help physicians create records that surpass the stan- 
dard written or dictated format. These include 


1. Choice of interface (graphic and narrative): Traditional 
medical record documentation required that all infor- 
mation be entered as free text. This approach necessi- 
tates a time commitment that is unreasonably excessive 
to meet today’s medical care demands. 

a. Narrative interface: There remains a critical require- 
ment for free-text narrative descriptions for those 
portions of a medical procedure or visit that call for 
analog (expository) documentation (eg., an indi- 
vidualized history of the patient’s present illness 
during a visit for evaluation and management care). 

b. Graphic interface: A preprinted list of questions 
or descriptions from which to select appropriate 
responses using check boxes or similar indicators 
(e.g., a survey of possible medical illnesses in the past 
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medical history section of the H&P screen or form). A 
more sophisticated variation expands this option by 
also allowing the entry of brief written details along 
with positive responses to the preentered questions. 


2. Use of preloaded information (templates and mac- 


ros): Criteria for proper medical record design for 
documentation of procedures and, particularly, of 
evaluation and management services must carefully 
distinguish between template designs that facilitate effi- 
ciently recording individualized care and macro designs 
that automatically enter identical clinical information 
in visit after visit and case after case (a process that is 
labeled “cloned documentation”). While these features 
have become pervasive in many EHRs, some physicians 
have incorporated templates or macros into their writ- 
ten or dictated paper records, where they have similar 
advantages and potential dangers. 

a. Template: A preloaded graphic interface section 
that provides detailed structure but no substance 
until active documentation is entered 

i. An effective office template should list all 
the elements of a comprehensive ENT physi- 
cal examination with blank check boxes after 
each element to indicate either “normal” or 
“abnormal” findings. The physician checks the 
appropriate finding for each area examined and 
leaves blank those boxes for exam elements not 
performed during a particular patient encoun- 
ter (all abnormal findings are further described 
with supplemental narrative detail). 

ii. In other words, until a physician documents his 
or her actual findings, the paper form or elec- 
tronic screen shows only a blank template of 
information. There is NO preloaded documen- 
tation that anything has yet been performed. 

iii. Well-designed templates provide similar advan- 
tages for documentation of PFSH (past history, 
family history, social history) and Review of 
Systems obtained during initial E/M visits. 

b. Macro: A preloaded graphic interface section that 
provides detailed structure plus standardized sub- 
stance, because all of the check boxes have been 
prefilled to indicate normal findings (alternatively, 
in EHRs, a template form may be converted to a 
macro when a single electronic “click” automati- 
cally checks all of the normal boxes). In its narrative 
form, a macro’s preloaded information presents as 
one or more completed descriptive paragraphs that 
appear identical to a dictated normal head and neck 
examination (or a completely negative background 
history and review of systems). 

i. In other words, before the physician even meets 
the patient, the macro-loaded paper form or elec- 
tronic screen attest that he or she has performed 
a comprehensive head and neck examination 
and the findings were 100% normal. 
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ii. Hypothetically, such macros require “docu- 
mentation by exception”; that is, the physician 
is supposed to undocument all exam elements 
that were not performed and to re-document 
all exam elements that were found to be abnor- 
mal. If done correctly, this undocumentation 
and re-documentation process, though compli- 
ant, actually requires more time and effort than 
individually checking the blank boxes of a tem- 
plate. It is also subject to multiple oversights 
that can result in erroneous documentation. 
In practice, few physicians expend the effort to 
re-document their macros. As a result, even when 
physicians using macros perform a limited or 
focused examination, their records commonly 
report a comprehensive examination for every 
visit, almost always with all normal findings 
except for the one or two areas related to the 
patient’s presenting problem. 

iii. Unless a physician meticulously reviews each 
item of a macro and undocuments and re- 
documents each element that was not normal 
(or negative), the use of macros inevitably results 
in “cloned documentation.” (A recent analysis 
from the Department of Biomedical Informatics 
at Columbia University reported that EHRs using 
macros created medical records where 54% of 
the wording was identical on progress notes and 
78% was identical on discharge notes (11).) 

iv. The use of macros in creating medical docu- 
mentation will usually fail to support a physi- 
cian under the scrutiny of a compliance audit, 
as noted below, or a medicolegal inquiry. 
Clinically, unless extensively modified line- 
by-line, macros also fail to convey meaningful 
patient-specific and visit-specific information 
needed to assist the physician in the ongoing 
care of his or her patients. 


Over many years, CMS and various Medicare Carriers 
have released a series of critiques of “cloned” medical 
records, that is, records created by various macro tech- 
niques such as “copy forward” (of information from a 
patient’s previous visits), “copy/paste” (of preloaded 
generic history or examination descriptions), and/or 
documentation by exception. In 2007, First Coast Service 
Options, the Florida Medicare carrier, issued a persuasive 
condemnation of these documentation techniques: 


“Cloned documentation does not meet medical neces- 
sity requirements for coverage of services rendered 
due to the lack of specific, individual information. All 
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documentation in the medical record must be spe- 
cific to the patient and her/his situation at the time 
of the encounter. Cloning of documentation is con- 
sidered a misrepresentation of the medical necessity 
requirement for coverage of services. Identification of 
this type of documentation will lead to denial of ser- 
vices for lack of medical necessity and recoupment of 
all overpayments made” (12). 


The compliance (and potential financial) danger of 
improperly employing these data entry techniques was 
further underscored in a white paper issued in 2007 by 
the Department of Health and Human Services (HHS) 
and the Office of the National Coordinator for Health 
Information Technology (ONCHIT). Their assessment 
uses the term “templates” to indicate the characteristics 
of “macros” as described above: 


“These tools include the use of defaults, templates 
(i.e., macros), copying, and others. These are legitimate 
benefits of using an automated system and can be 
extremely helpful if used correctly; however, the tools 
can also open the EHR-S up to fraud or abuse” (13). 


v. For E/M services, it is clear that macros should 
not be used for documenting any portions of the 
medical history or physical examination. On the 
other hand, the “correct use” cited above would 
permit macros to be used effectively and compli- 
antly in portions of the medical decision-making 
E/M component, to import standard lists of diag- 
nostic tests and/or treatment programs for spe- 
cific diagnoses. However, such use still requires 
review for appropriateness and individualized 
customization during each encounter, prior to 
incorporating a macro into the medical record. 

vi. Similarly, it appears that macros should have 
only carefully controlled use in operative reports, 
permissible only for standard manipulations and 
only if there is additional individualized narra- 
tive information describing the key portions of 
the diagnostic or therapeutic procedures. 

3. Optimal use of data entry personnel: Although all doc- 
umentation of the medical history and physical exami- 
nation has traditionally been entered by the physician 
(as instructed in medical school), the 1995 and 1997 
editions of the Documentation Guidelines provide two 
far less time-consuming alternatives for obtaining and 
documenting multiple subcomponents of the medi- 
cal history. They instruct, “The ROS (Review of Systems) 
and/or PFSH (Past History, Family History, and Social 
History) may be recorded by ancillary staff or on a form 
completed by the patient” (14). This guidance is highly 
logical, because each physician employs his or her own 
standard set of questions for each of these medical 
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history elements. Permitting patients to review and 
respond to these inquiries is extraordinarily efficient. 
It allows physicians to elicit and record a comprehensive 
medical history without significant time expenditure. 
Further, the information obtained promotes quality 
care by providing full background information, iden- 
tifying both contributory and unrelated medical issues. 
These insights allow physicians to accurately determine 
a preliminary differential diagnosis and a prelimi- 
nary assessment of the nature of the patient’s problem 
(“NPP’”—the E/M coding system’s measure of medical 
necessity). 


Of course, medically it is insufficient just to obtain and 
document this medical history information; the physician 
must also review the responses and further investigate all 
positive findings (i.e. it is not sufficient to simply record 
that a patient has chest pain—the physician must inquire 
about the details to determine whether this symptom may 
be medically significant, potentially health endangering, 
and/or require assessment). The Documentation Guidelines 
reflects this quality care mandate by requiring “to docu- 
ment that the physician reviewed the information, there 
must be a notation supplementing or confirming the infor- 
mation recorded by others” (14) (note: clearly the advice 
to “supplement” refers to all positive responses, while 
“confirm” —with an attestation by signature—is appropri- 
ate to indicate review of all the negative responses). 


4. Optimal use of appropriate data entry modalities: 
Effective documentation requires the use of data entry 
tools that facilitate the efficient entry of individualized 
and accurate medical information. In the traditional 
paper environment, physicians elect to write or dictate 
their documentation. Prior to the introduction of EHRs, 
few, if any, physicians chose to record the H&P by typ- 
ing, either during the care process or as an additional 
step following each encounter. The process would be 
too time-consuming and/or too intrusive into the phy- 
sicilan—patient interaction. 


Considering these drawbacks, it is remarkable that numer- 
ous EHR software systems have chosen to require the use 
of keyboard and mouse as the primary or only technology 
available for physicians to document their care. Therefore, 
to meet the usability, efficiency, and patient interaction 
requirements of all physicians, it should be required that 
EHRs provide at least one alternative for each data entry 
option 


a. For physicians who prefer direct computer entry, use of 
keyboard and mouse 

b. For physicians who prefer to dictate some or all of their 
records, use of (i) voice recognition software or (ii) dic- 
tation with transcription 

c. For physicians who prefer to write (legibly) some or all 
of their records, use of (i) a tablet PC or (ii) a digital 
pen with digital paper 


3308 


In addition to physicians’ personal preferences, each of these 
technologies offers its own particular advantages and limita- 
tions (15). Often overlooked is the potential added efficiency 
and usability of combining two or more of these modalities, 
each being employed where it is most comfortable for the 
physician. For example, a physician with poor handwriting 
might elect to use a tablet PC or mouse entry with clicks to 
rapidly place Xs in the check boxes of the graphic interface 
section of the physical examination (see Fig. 200.7) while 
dictating the free-text narrative required to precisely describe 
the details of each of the abnormal findings. 


CODING AND BILLING FUNDAMENTALS 


Whereas the principles and practice of physicians accurately 
documenting their patient care have been evolving since 
Hippocrates saw his first patient, the concept of “codifying” 
that patient care is a relatively recent phenomenon. It was not 
until the 1980s that Medicare and most insurers began requir- 
ing that physicians submit their claims for payment using 
CPT procedure codes and ICD diagnostic codes. Prior to that 
time, physicians submitted most insurance forms with a free- 
text description of the procedure performed (eg., “tonsillec- 
tomy and adenoidectomy”) and the accompanying diagnosis 
(eg., “chronic tonsillitis”). Following the transition to pay- 
ments based on coding, the purpose of which “is to provide 
a uniform language that will accurately describe medical, 
surgical, and diagnostic services” (16), practices have been 
required to select the most appropriate CPT procedure code 
(e.g., 42820, for tonsillectomy and adenoidectomy, younger 
than age 12) and the most appropriate ICD diagnosis code 
(eg., 474.02, for chronic tonsillitis and adenoiditis). 


1. CPT: Current Procedural Terminology” (procedure 
codes, including E/M codes) 

2. “CPT Assistant” (periodical, which publishes explana- 
tions and clarifications of CPT codes and instructions) 

3. “International Classification of Diseases, ICD-9-CM” 
(diagnosis codes) 

4. “HCPCS Level 2” (additional procedure codes) 

5. “Documentation Guidelines for Evaluation and 
Management Services,” 1995 and 1997 editions 
(Evaluation and Management Documentation principles) 

6. “Medicare RBRVS: The Physicians’ Guide” (Medicare 
RVUs and payments, global periods, assistant at surgery 
restrictions, cosurgeon adjustments) 

7. “CPT Reference of Clinical Examples” (AMA scenarios 
for correct coding of procedures and E/M services) 

8. “National Correct Coding Initiative (NCCI) Edits” 
(Medicare scenarios for correct coding of procedures) 
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1. AAO-HNS Clinical Indicators Compendium: http:// 
www.entnet.org/Practice/clinicallndicators.cfm 

2. AAO-HNS Policy Statements: http://www.entnet. 
org/Practice/policystatements.cfm 

3. AAO-HNS Clinical Practice Guidelines and Clinical 


Consensus Statements: http://www.entnet.org/ 
Practice/clinicalPracticeguidelines.cfm 


Although physician practices and hospitals view proce- 
dure and diagnosis coding almost exclusively through 
the lens of its role in reporting claims for proper pay- 
ment, these codes also play additional roles in improving 
health care. CPT advises that its procedure code functions 
extend to “the development of guidelines for medical 
care review... to medical education and outcomes, health 
services, and quality research by providing a useful basis 
for local, regional, and national utilization comparisons” 
(16). ICD-9-CM codes are a United States “clinical modi- 
fication” of the World Health Organization’s International 
Classification of Disease. Its published intent is “to serve 
as a useful tool to classify morbidity data for indexing 
medical records, medical care review, and ambulatory and 
other medical care programs, as well as for basic health sta- 
tistics” (17). These functions provide the foundation for 
some of the goals for system-wide use of EHRs, which are 
intended to facilitate the collection of coded information 
about symptoms and diseases, including the relative suc- 
cess of various procedures used to diagnose and treat them. 

While these coding benefits promise to advance medi- 
cal science and improve population health, the primary 
impact of coding on practicing U.S. physicians is accurate 
submission of claims to obtain correct payment in a timely 
manner. Reliable coding for payment depends on accurate 
documentation, and these demands will increase with the 
greater coding specificity being introduced in 2014 with 
the transition to ICD-10 diagnostic codes. 


Integrating Coding and Billing Principles into 
Documentation and Patient Care 


Commonly underemphasized or even overlooked in dis- 
cussions of coding and billing practices, the critical factors 
in achieving compliant coding and documentation are 
specificity and medical necessity. 


Specificity 

Specificity is a central feature in identification of correct 
procedure codes, E/M codes, and diagnosis codes. CPT, the 
guide for procedure codes, instructs physicians to 
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“Select the name of the procedure or service that accu- 
rately identifies the service performed. Do not select 
a CPT code that merely approximates the service pro- 
vided. If no such specific code exists, then report the ser- 
vice using the appropriate unlisted procedure or service 
code. In surgery, it may be an operation; in medicine, 
a diagnostic or therapeutic procedure; in radiology, a 
radiograph... Any service or procedure should be ade- 
quately documented in the medical record” (18). 


These instructions not only underscore the need for speci- 
ficity in identifying correct codes, they highlight the direct 
compliance link between coding and documentation. 
Physicians must have an appreciation and understanding 
of procedure codes in order to ensure that their documenta- 
tion supports (i.e., verifies) that the procedure being coded 
was, in fact, performed. The potential hazards of nonspe- 
cific documentation and noncompliant coding are empha- 
sized below. 

Specificity is similarly a central feature in identification 
of correct diagnosis codes. ICD-9, the current guide for diag- 
nosis codes, instructs physicians to 


“Describe the patient's condition using terminology 
that uses specific diagnoses as well as symptoms, prob- 
lems or reasons for the encounter. If symptoms are 
present but a definitive diagnosis has not been deter- 
mined, code the symptoms... Determine whether the 
code is at the highest level of specificity. Assign three 
digit codes (category codes) if there are no four-digit 
codes within the code category. Assign four-digit codes 
(subcategory codes) if there are no five-digit codes for 
that category. Assign five-digit codes (fifth digit subclas- 
sification codes) for those categories where they are 
available” (19). 


Medical Necessity 

Medical necessity introduces the concepts of “standards 
of care” and, more recently, “evidence-based medicine” 
(EBM) into correct billing practices. Physicians are com- 
fortable considering the medical indications for order- 
ing tests, diagnostic procedures, medical treatments, and 
therapeutic procedures. Medical necessity is the parallel 
terminology used as a prime determinant for appropriate 
payment in insurance reviews. (This concept may also carry 
considerable weight in evaluations of quality care or pro- 
fessional liability.) Physicians commonly assume that their 
personal decision to provide various levels of office care, 
perform diagnostic or therapeutic procedures, or order cer- 
tain diagnostic tests automatically qualify as a certification 
of medical necessity. In response to concerns about some 
of these decisions, Medicare and private insurers elected 
to establish and apply their own standards of medical 
necessity, at times using them as a basis for denying pay- 
ment for correctly coded services. The resultant conflicts, 
appeals, and failure to have a common understanding of 
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this concept between physicians and insurers became one 
of the pivotal issues in the national class action lawsuits 
filed by physician organizations against health insurers in 
the first decade of the 21st century (20). The negotiations 
on this issue prompted the AMA and its affiliated specialty 
organizations to promulgate a definition of medical neces- 
sity that, with modifications during the negotiations, has 
become an established standard applied by physicians and 
insurers alike: 


ut 


Medically Necessary’ or ‘Medical Necessity’ shall 
mean health care services that a physician, exercising 
prudent clinical judgment, would provide to a patient 
for the purpose of preventing, evaluating, diagnosing 
or treating an illness, injury, disease or its symptoms, 
and that are: (a) in accordance with generally accepted 
standards of medical practice; (b) clinically appropri- 
ate, in terms of type, frequency, extent, site and dura- 
tion, and considered effective for the patient's illness, 
injury or disease; and (c) not primarily for the conve- 
nience of the patient, physician, or other health care 
provider, and not more costly than an alternative ser- 
vice or sequence of services at least as likely to produce 
equivalent therapeutic or diagnostic results as to the 
diagnosis or treatment of that patient's illness, injury 
or disease. For these purposes, “generally accepted 
standards of medical practice” means standards that 
are based on credible scientific evidence published in 
peer-reviewed medical literature generally recognized 
by the relevant medical community, Physician Specialty 
Society recommendations and the views of physicians 
practicing in relevant clinical areas, and any other rel- 
evant factors” (21). 


The introduction of the word “relevant” in multiple por- 
tions of this definition addressed concerns in broad lan- 
guage commonly found in insurer contracts that gave 
carriers wide latitude to consider any factors they chose. 
(Note: This definition’s compromise language concern- 
ing relative cost of alternative services raises concerns about 
patients’ rights to choose their care, even if more costly, 
under the doctrine of informed consent. While this notion 
could raise issues between patients and their insurers, phy- 
sicians must be aware of the potential for insurers to deny 
payment for more costly service options; under such cir- 
cumstances, it is advisable that they seek approval for pay- 
ment prior to initiating such care.) 


Fundamental Precepts of Billing, Coding, 
and Documentation 


Three fundamental principles of medical record auditing 
provide the insight physicians need to understand cor- 
rect billing and coding and to conceptualize their require- 
ments for properly designed documentation tools needed 
to facilitate compliant coding while promoting optimal 
patient care: 
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1. Medicare stipulates, “Medical necessity of a service is the 


overarching criterion for payment in addition to the 

individual requirements of a CPT code” (22). 

a. This statement reflects criteria in section 1862 of 
Social Security Law that stipulate, “no payment may 
be made under (Medicare) part A or part B for any 
expenses incurred for items or services which... are 
not reasonable and necessary for the diagnosis or 
treatment of illness or injury or to improve the func- 
tioning of a malformed body member” (23). 

b. Finally, in its section reviewing payment for E/M 
services, the Trailblazer MAC’s website further clari- 
fies, “Federal law requires that all expenses paid by 
Medicare, including expenses for Evaluation and 
Management (E/M) services, are ‘medically reason- 
able and necessary’... Medicare’s determination of 
medical necessity is separate from its determination 
that the E/M service was rendered as billed... At 
audit, Medicare will deny or downcode E/M services 
that, in its judgment, exceed the patient's documented 
needs” (24). 

“If medical care is not documented in the medical 

record, it is treated as ifit had not been performed.” (25) 

a. Although this statement is no longer found in the 
current CMS Carriers’ Manual, it was obtained from 
section 7103.1(i) of an older version. Related lan- 
guage also appears on the Trailblazer MAC web- 
site, reporting that an error in coding occurs when 
“Documentation is incomplete/insufficient: (i.e.,) 
documentation does not support the level of service 
billed” (26). 

“Automation is not documentation” (27). 

a. Preloaded generic clinical information that is cop- 
ied and inserted from previous encounters (copy 
forward), from preloaded macros (copy/paste) or 
created by filling in multiple check boxes with a 
single click (documentation by exception) fail to 
record individualized clinical information related 
to each patient and each encounter. Although the 
use of automated data entry is most frequently 
found in suboptimal designs for EHRs, similar func- 
tionality has found its way into dictated operative 
reports and E/M records with distressingly increas- 
ing frequency. 

b. Reviewing records created with automated doc- 
umentation reveals that physicians using this 
approach almost always undocument and redocu- 
ment only the clinical information that is relevant 
to their patient’s presenting illness. Because of the 
automated defaults to “normal findings,” all other 
aspects of the patient's health almost always appear 
in the completed H&P as normal—a circumstance 
that is not compatible with the reality of most 
patients’ health status. In other words, such “cloned 
records” attempt to give the impression that the 
physician performed comprehensive care, when in 
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fact the repetitive “normal” findings in history and 
examination related to other organ systems attest to 
the fact that the physician performed and accurately 
documented only problem-focused care. 

c. As noted above in the box reporting a “final verdict” 
on cloned documentation, automated documenta- 
tion consistently fails to provide both of the critical 
factors needed for compliant coding and documenta- 
tion: it is insufficient to record the specificity required 
for individualized clinical information, and it is there- 
fore “considered a misrepresentation of the medical 
necessity requirement for coverage of services” (28). 


Fortunately, these three auditing principles can be trans- 
formed into three powerful core documentation principles 
that physicians can employ to ensure compliant documen- 
tation, coding, and billing: 


1. 


2. 


When (patient-specific and visit-specific) care is docu- 
mented, it was done. 

When care is medically necessary, and that necessity is 
documented in the medical record, payment must be 
made. 

Nonautomated (ie., individually documented) records 
promote compliance and can also enhance quality of care. 


DESIGNING MEDICAL RECORDS 
TO MEET PHYSICIANS’ NEEDS 


These three documentation principles can be used as cor- 
nerstones for medical record designs that meet all of phy- 
sicians’ requirements for effective documentation and 
coding tools: 


m Usability: Ease of data entry with options to use mul- 


tiple data entry modalities—dictation, legible handwrit- 
ing, and/or keyboard and mouse 

Efficiency: Completing care and individualized docu- 
mentation in a reasonable time frame without sacrific- 
ing compliance or data integrity 

Compliance: For both procedure and E/M records, the doc- 
umentation should verify specific details of what was per- 
formed and the medical necessity of performing that care. 
Data integrity: The documented record should clearly 
and easily convey all the care performed and the rea- 
sons why it was performed (to another physician, to a 
reviewer, and most importantly to the physician him- 
self/herself during subsequent visits). 

Promoting quality patient care: During E/M services, 
compliance-based documentation tools follow the diag- 
nostic paradigm taught to physicians from the Bates’ 
Guide; this facilitates providing levels of care warranted 
by the NPPs during each encounter. 


m= Appropriate productivity: Care, documentation, coding, 


and billing are all achieved at medically indicated levels, 
which the physician determines and sets based on his or 
her assessment of medical necessity. 
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Compliant Designs for Documenting 
Operative Procedures 


While surgeons have been dictating operative reports 
for many years, the traditional approach commonly 
includes only demographic information, preoperative and 
postoperative diagnoses, the name(s) of the operation(s) per- 
formed, and a free-text narrative of the procedure. However, 
the operative note frequently fails to provide an explanation 
of the medical indications (i.e., the medical necessity) for per- 
forming the procedure. More recently, some physicians have 
also sought to save time in creating their operative reports by 
instructing their transcriptionists to insert generic macros to 
describe the procedure performed, in lieu of individualized 
dictation. This effort to save dictation time and costs illus- 
trates the danger of replacing documentation with automa- 
tion: every operation for every patient reads almost exactly 
the same, thereby sacrificing specificity. 

These deficits can be remedied. Medical necessity should 
be documented by adding a section for “indications” near 
the beginning of the report. Here the physician dictates a 
narrative description of the clinical rationale warranting 
the performance of the surgical procedure. Specificity for 
the significant observations made during the course of the 
operation should be documented by dictating individual- 
ized narrative descriptions of the steps in the procedure 
and insertion of an additional section labeled “Operative 
Findings.” This section conveys the nuances of the opera- 
tion and significant anatomic findings and challenges. For 
example, when dictating a tonsillectomy, the surgeon can 
document whether significant scar tissue or aberrant blood 
vessels were found in the dissection plane of each of the 
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two tonsils, as well as the approximate amount of bleeding 
and how readily it was controlled. Figure 200.1 illustrates 
a sample template for operative procedures, including sec- 
tions to document indications and operative findings. 

Can macros ever be used compliantly in an operative 
report? Only under stringent guidelines. Most surgeons 
employ a reasonably standard technique when perform- 
ing the straightforward procedures of tonsillectomy and 
adenoidectomy (T&A) or myringotomy with tube inser- 
tion. A physician could employ a detailed macro that 
reports this standardized procedure, providing that the 
physician adds specificity by dictating individualized nar- 
rative sections for “Indications” and “Operative Findings.” 
In addition, if a particular procedure presents unusual 
challenges, difficulties, and/or complications, the proce- 
dure section should be documented individually instead 
of attempting to modify the macro. For more extensive 
operations that have greater complexity and/or variation 
in anatomic and pathologic findings, it is preferable for 
specificity that physicians avoid macros and dictate the 
procedures as free text. 

Similar principles apply to creating compliant tem- 
plates for minor diagnostic procedures performed in the 
office setting, such as fiberoptic laryngoscopy, fiberop- 
tic nasal endoscopy, and fiberoptic nasopharyngoscopy. 
Because examination of the larynx, pharynx, and nasal pas- 
sages are included elements of the physical examination 
portion of E/M visits in the practice of Otolaryngology— 
Head and Neck Surgery, there must be appropriate medical 
indications documented to warrant billing for these ser- 
vices in addition to the usual direct and indirect (mirror) 
examinations of the internal nose, pharynx, and larynx. 


Date of Operation: 


Operation(s) Performed: 


Surgeon: 


Pre-Operative Diagnoses: 


Post-Operative Diagnoses: 


Indications: 


Operative Findings: 


Procedure: 


Figure 200.1 Sample operative report for operating room procedures. 
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A user-friendly, efficient, and compliant operative report 
template, as illustrated below, can include 


m A graphic interface for rapid documentation of the 
appropriate medical indication(s) 

m A brief macro describing the standard topical anesthesia, 
passage of the endoscope, and areas examined 

m A section for documenting specific operative findings 
that combines graphic elements to record normal find- 
ings plus narrative sections (indicated by blank lines) to 
record details of all significant or abnormal findings 


Patient: 
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For physicians who prefer to dictate (or whose handwriting 
is illegible), the same template can be used with only the 
free-text sections being dictated instead of writing on the 
blank lines. When the operative report thereby becomes a 
hybrid of written template plus dictation, it is preferable 
to check the box labeled “see attached dictation” to ensure 
that the record is not misinterpreted in the case of an audit 
or medicolegal review. 

Below are sample templates of operative reports for 
fiberoptic laryngoscopy and diagnostic nasal endoscopy 
(Fig. 200.2). 


Account 


Date of Operation: / 


With Video Review 


DrA 
Dr. C 


Surgeon: 


Procedure: Flexible Fiberoptic Flexible Pharyngo-Laryngoscopy 


Pre-operative Diagnosis: 


Post-operative Diagnosis: 


Indications for use of fiberoptic examination: Need for improved visualization due to: 


Hyperactive gag reflex 


Obstructive base of tongue 


Detailed evaluation of lesion 


Other: 


Posterior epiglottis position 

Inability to visualize anterior commissure 
History of treated neoplasm 

Enhanced mucosal visualization (to evaluate inflammation and edema) 


Evaluation of documented obstructive sleep apnea, with Mueller maneuver 


Procedure: The patient’s nose was prepared with topical anesthesia, using cotton pledgets moistened with a solution of 4% 
lidocaine combined with 0.5% neosynephrine. Five minutes was allowed for anesthetic and vasoconstrictive effect, and the 
pledgets were removed. A flexible fiberoptic laryngoscope was advanced through the nostril to sequentially examine the naso- 
pharynx, palate, oropharynx, base of tongue, epiglottis, larynx, hypopharynx, and piriform sinuses. 


Findings: 
Nasopharynx: 


Normal mucosa 


Diffuse inflammation: mild moderate severe 


Larynx and hypopharynx: 
Vocal cords: normal 
Retrocricoid: LJ normal 


abnormal 
abnormal 


Arytenoids: 


normal abnormal 


Post commiss: 


normal abnormal 


Palate and oropharynx/Other: 


Signature 


See attached dictation 


Figure 200.2 Sample procedure reports for diagnostic nasopharyngolaryngoscopy and nasal 


endoscopy. 
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Patient: 
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Account #: 


Date of Operation: / 


With Video Review 


Dr.A 
Dr. C 


Procedure: Diagnostic Fiberoptic Nasal Endoscopy 


Surgeon: 


Pre-operative Diagnosis: 


Post-operative Diagnosis: 


Indications for use of fiberoptic examination: Need for improved visualization of intranasal anatomy, due to: 


Assess chronic sinusitis (post Rx) 


Assess nasal polyp(s) (post Rx) 


Chronic headache/facial pain 


Uncontrolled posterior epistaxis 


Pre-operative planning for endoscopic sinus surgery 
Other: 


Need to visualize ostiomeatal complex 
Need to visualize posterior nasal space 
Need to evaluate compression points 


Need to visualize nasopharynx 


Procedure: The patient’s nose was prepared with topical anesthesia, using cotton pledgets moistened with a solu- 
tion of 4% lidocaine combined with 0.5% neosynephrine. Five minutes was allowed for anesthetic and vasocon- 
strictive effect, and the pledgets were removed. The rigid fiberoptic nasal endoscope was advanced through each 
nostril in turn to sequentially examine the septum, turbinates, ostiomeatal complex, and nasopharynx. 


Findings: 
Right nostril: 
Mucosa: normal 
Septum: 1 normal 
Ostiomeatal complex: 


inflamed edematous 
abnormal 


normal 


abnormal 


abnormal 
abnormal 
abnormal 


normal 
normal 
normal 


Mucus: 
Turbinates: 
Nasopharynx: 


Left nostril: 
Mucosa: normal 
Septum: 1 normal 
Ostiomeatal complex: 


inflamed edematous 
abnormal 


normal 


abnormal 


abnormal 
abnormal 
abnormal 


normal 
normal 
normal 


Mucus: 
Turbinates: 
Nasopharynx: 


Signature 


See attached dictation 


Figure 200.2 (Continued) 


Compliant Designs for Documenting 
Evaluation and Management (E/M) Services 


The E/M documentation and coding system first appeared 
in the 1992 edition of the AMA’s publications of CPT. It 
is built on the economic principles of the resource-based 
relative value system (RBRVS), also introduced in 1992, 
which for each service provided (and coded) seeks to 
quantify the relative values of physicians’ individual work, 


practice expense, and liability insurance costs. Early E/M 
training focused almost exclusively on the system’s three 
“key components”: medical history, physical examination, 
and medical decision-making. These are the E/M elements 
used to report the specificity of care provided. However, as 
E/M training evolved, compliance experts recognized the 
importance of placing equal emphasis on NPPs, which 
is one of the E/M system’s four contributory factors. “[A] 
critical insight to coordinating coding and documentation 
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with medical necessity and appropriate quality care is to 
include NPP as a mandatory fourth factor” (29). 

Performing and documenting effective evaluation 
and management services has received steadily increas- 
ing emphasis over the last several years through recent 
initiatives for (a) implementation of quality measures; 
(b) MS-DRG requirements for sophisticated reporting of 
hospital inpatient E/M services; (c) adoption of EHRs; 
(d) increasing oversight through audits by Medicare 
Administrative Contractors (MACs), the Office of the 
Inspector General (OIG), Recovery Audit Contractors 
(RACs), and the new Zone Program Integrity Contractors 
(ZPICs); and (e) continued economic constriction (rela- 
tive to practice costs) in the Medicare and insurer payment 
systems. 

“As physicians and administrators confront the chal- 
lenges created by these and other changes in the health 
care environment, they consistently discover that mean- 
ingful solutions depend upon effective, compliant, and 
efficient medical record documentation. Meeting this 
goal begins with documentation of a meaningful history 
and physical examination (H&P), which helps physicians 
ensure that their patients receive levels of clinical care that 
are appropriately matched to the severity of their illnesses 
(i.e, matched to the nature of the presenting problems)” 
(30). Although a comprehensive analysis and presentation 
of complete solutions to the E/M compliance challenge 
are beyond the scope of a single chapter, reviewing a set of 
core principles can provide the basis for incorporating reli- 
able and compliant E/M documentation and coding into 
patient care. In addition to the three core documentation 
principles cited previously, effective E/M methodology and 
documentation tools can be built on a foundation of five 
basic postulates: 


1. Quality care must be the principle measure for effective 
medical records. This principle puts documentation and 
coding into proper perspective; patient care comes first, 
and rules and guidelines must conform to this frame- 
work to be considered credible. 

2. The E/M process must “work” for clinicians. That is, the 
protocol for evaluating patients must be compatible 
with physicians’ optimal diagnostic process and patient 
care workflow. Since the E/M system is a codification of 
the workflow presented in the Bates’ Guide to Physical 
Examination and History Taking, incorporating E/M 
guidelines into the structure of a medical record form 
results in a document that is familiar to physicians (the 
comprehensive H&P learned in medical school) and 
intuitive for them to learn and use. 

3. Medical record forms must incorporate consideration and 
documentation of the NPPs. This inclusion provides doc- 
umentation of medical necessity, based on the physi- 
cian’s case-specific assessment. It also allows the forms 
to include compliant documentation prompts, which 
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can guide physicians to perform, document, and code 
for medically indicated levels of care that are warranted 
by the severity of patients’ illnesses. 

4. Appropriate documentation and coding must be integrated 
into the process of providing care, not added on as an 
additional challenging task at the end of a patient visit. 

5. Use of tools, not rules. Successful medical record designs 
incorporate all E/M requirements and guidelines into 
sophisticated documentation tools, instead of demand- 
ing physicians to memorize long lists of complex com- 
pliance rules. 


Effective E/M methodology reflects the ideal care process and 
workflow that physicians are taught during their training. 
Unfortunately, the demand for completing this care in a 
limited time frame prevents physicians from implement- 
ing this optimal workflow due to lack of appropriate docu- 
mentation tools. Providing effective and efficient tools, 
as described below, gives physicians the ability to reapply 
the optimal diagnostic process. This process begins with 
a comprehensive medical history (complete PFSH and 
review of systems plus an extended history of present ill- 
ness) during every patient visit. This global review of each 
patient's status not only facilitates developing an accurate 
and inclusive differential diagnosis; it also provides the 
perspective physicians need to determine the relative sever- 
ity of illness (i.e, the NPPs). Armed with this insight, plus 
helpful documentation prompts on their H&P templates, 
physicians can then perform and document the appropri- 
ate level of physical examination and medical decision 
making that are medically indicated by the severity of the 
NPP. Of course, while history-based severity assessments 
are frequently accurate, they are confirmed or modified on 
the basis of findings during the physical examination and 
review of available diagnostic tests. 

Precise documentation of all E/M elements is critical 
to ensuring E/M compliance, particularly in the event of 
an external audit. This includes documentation of the 
traditional H&P components: (a) complete medical his- 
tory, (b) normal and abnormal examination findings, 
(c) data reviewed, (d) assessment (differential diag- 
nosis), and (e) plans (treatments and data ordered). 
However, two critical elements required for E/M compli- 
ance should be added to this standard approach: (f) doc- 
umentation of the physician’s assessment of the three 
levels of risk and (g) documentation of the physician’s 
final assessment of the NPPs. The three levels of risk are 
described in CPT and the Documentation Guidelines 
Table of Risk (31) as 


“The risk of significant complications, morbidity, and/ 
or mortality, as well as comorbidities, associated with 
(1) the patient’s presenting problem(s), (2) the diag- 
nostic procedure(s), and/or (3) the possible manage- 
ment options” (32). 
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The additional documentation of a physician’s assessment 
of levels of risk and the NPP can be accomplished effi- 
ciently through the use of check boxes on the H&P form, 
and this supplemental documentation provides irrefut- 
able support for the medical necessity of the level of care 
provided. 

Effective H&P forms should be designed for usabil- 
ity and efficiency, with inclusion of E/M compliance 
rules to ensure appropriate care and documentation. 
Figures 200.3 to 200.9 illustrate portions of E/M forms 
for outpatient services (appropriately modified forms can 
be designed for inpatient care or other E/M services as 
well). These templates are compatible with the specialty 
of Otolaryngology—Head and Neck Surgery, including 
the single organ system ENT examination from the 1997 
Documentation Guidelines. 


Physicians at Teaching Hospits and “Physician 
Presence” 


On December 13, 1995, The New York Times published 
a report that sent a compliance shock wave through the 
community of academic physicians. It reported that the 
“University of Pennsylvania’s Health System has agreed to 
pay thirty million dollars to settle government complaints 
that it filed improper Medicare bills for doctors’ services.... 
This substantial settlement followed a Government audit 
of one hundred patients treated in 1993” (45). The govern- 
ment had extrapolated the outcome of this limited audit 
over all of the comparable records for multiple years, cal- 
culating a fine that was significantly higher than the final 
settlement amount. 

The audit identified two significant issues. One con- 
cerned submission of claims for E/M services at levels sig- 
nificantly exceeding the level of care documented in the 
medical record by residents and physicians (the same E/M 
issues discussed above). The second issue highlighted a 
new concept that subsequently became known as “physi- 
cian presence.” Charges had been submitted by attending 
physicians for E/M services that were clearly provided and 
documented by residents. Although physicians had placed 
their signature on the residents’ charts, there was no docu- 
mented evidence of the attending physicians being present 
during the residents’ care of the patients or of indepen- 
dently performing any of the billed patient care. Instead, 
the audits determined that the teaching physicians’ signa- 
tures on the charts indicated only they had reviewed the 
resident’s notes, not that they had provided actual E/M ser- 
vices. The audit concluded that this practice was evidence 
of billing twice for the same service, since Medicare pays an 
additional fee to teaching hospitals for the residents’ care 
of covered patients, and that was the only care documented 
as having been performed. 

In establishing requirements for teaching physi- 
cian to submit E/M claims when caring for patients 


3315 


in conjunction with residents, Medicare and the OIG 
referred to established rules published by the Health 
Care Financing Administration (HCFA; now CMS) in 
Intermediary Letter 372 (IL-372). HCFA subsequently 
clarified these guidelines in 1996 in a new “Final Rule for 
Teaching Physicians,” presented in section 15016 of the 
Medicare Carriers Manual. In 2002s Transmittal 1780, 
CMS augmented section 15016 with several clarifications 
and examples for writing attestations of care, though 
without substantially altering the established principles 
and documentation requirements for teaching physicians 
to submit E/M claims. It is noteworthy that adhering to 
these more recent shortcut suggestions frequently leads 
once again to imprecise documentation of the actual 
care that teaching physicians perform. It can therefore be 
advised that incorporating the actual details of IL-372 and 
section 15016 into templates to document physician pres- 
ence provides superior guidance and increased probabil- 
ity of compliance. 

Teaching physicians are cautioned that if they elect to 
simply sign residents’ notes, they should not submit claims 
for these services. However, following such an approach 
would not only be inadequate to meet payment require- 
ments, it would also fail to reflect care provided, fulfill- 
ment of resident teaching responsibilities, and protection 
in the event of a professional liability claim. 

On the positive side, the IL-372 and section 15016 
guidelines provide three scenarios that permit attending 
physicians to submit claims for E/M services when they 
share care with residents. In the first scenario, the teach- 
ing physician would personally perform, document, and 
code only for the elements of an E/M service that he or she 
completed independent of the resident (46); this approach 
requires more time for comprehensive care and documen- 
tation than optimal in the teaching situation. In the sec- 
ond option, the resident performs the elements required 
for an E/M service in the presence of, or jointly with, the 
teaching physician, and the resident documents the service 
(47); except under unusual circumstances, this approach 
also requires excess teaching physician time and creates 
awkward scheduling challenges. 

The final compliant option fortunately matches up 
extremely well with appropriate patient care workflow for 
teaching physicians. In this approach, the resident pro- 
vides and documents the level of care medically indicated 
for the patient, and “the teaching physician independently 
performs the critical or key portion(s) of the service with or 
without the resident present and, as appropriate, discusses 
the case with the resident. In this instance, the teaching 
physician must document that he or she personally saw 
the patient, personally performed critical or key portions 
of the service, and participated in the management of the 
patient. The teaching physician’s note should reference the 
resident’s note. For payment, the composite of the teach- 
ing physician’s entry and the resident’s entry together 
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Patient Name: Account No. DOB: U | 


Initial Visit Medical History Form (p. 1): Please provide the following medical information to the best of your ability: 


Date: Age: List any ALLERGIES TO MEDICATIONS: 
What problems are you here for today? 


Past Medical History: 
1) Please check the "Yes" or "No" box to indicate if you have any of the following illnesses; for "Yes" answers, please explain 


Yes No Yes No 
Diabetes (Circle: typel/typell) O Stomach or Intestinal problems OF OF 
Hypertension (high blood press) OF O Allergy problems/therapy a ad | 
Thyroid problems oda Kidney problems El. | 
Heart Disease/cholesterol probs OF OF Neurological problems od 
Respiratory problems oO oa Cancer od 
Bleeding disorder oOo oa Other Medical Diagnosis E]' tf 


2) Please list any operations (and dates) you have ever had (including tonsils & adenoids) : 


3) Please list any current medications (and amounts, times per day); 
(include aspirin, antacids, vitamins, hormone replacement, birth control, herbal supplements, OTC meds including sinus/ allergy/ weight loss meds}: 


Social History: Yes No Please list details below: 
Do you use tobacco? O C1 Listtype and how much: 
If no, did you use it previously? O CO tist type and how much: When did you quit? 
Do you drink alcohol? O C1 List type and how much: 
Do you use recrational drugs? O OC List type and how much: 


What is your occupation? 


Family History: 
Please check the "Yes" or "No" box to indicate whether any relatives have any of the following illnesses: 
If yes, please indicate which relative(s) have the problem 


Yes No 
Heart problems / murmurs oO oO 
Allergy oO oO 
Diabetes oOo oO 
Cancer El. O 
Bleeding disorder EB 
Anesthesia problems O O 


OO See attached dictation |Reviewed by: 


Figure 200.3 Initial outpatient visit—CC and PFSH (33). This section is presented in questionnaire format, as encouraged by the 
Documentation Guidelines, for patients to complete and for physicians to review, confirm, and supplement positive responses (34) (by writ- 
ing on the blank lines or by supplemental dictation). 
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Date I I 


Patient Name: Account No. DOB: I I 


Patient Medical History Form (p. 2): Please provide the following medical information to the best of your ability: 


Review of Systems: 
1) Please check the "Yes" or "No" box to indicate whether you presently have any of the following symptoms: 
2) For any "yes" responses, please check the "current" box if this symptom relates to the reason for your visit today 


GENERAL chills 


hearing loss ear noises 

dizziness lightheadedness 

nasal congestion sinus pressure or pain 
hoarseness problem snoring, apnea Oo 
throat clearing throat pain 


difficulty swallowing heartburn 
abdominal pain nausea/vomiting 


bowel irregulari rectal bleeding 


Oo 
a) 


PSYCH depression anxiety or panic 


PLEASE STOP HERE O see attached dictation 


Reviewer by: 


Figure 200.4 Initial outpatient visit—ROS (review of systems) (35). This section is presented in questionnaire format, as encouraged by 
the Documentation Guidelines, for patients to complete and for physicians to review, confirm, and supplement positive responses (36) (by 
writing on the blank lines or by supplemental dictation). 
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Establisned Fatent visit Form 


Patient Name: Account No. DOB: I / 


no change since last visit date: 


Date: / / PMH/SH/FH 


Except: 


New Allergies: Existing allergies: 


Current Medications: 


Reviewed by: 


ROS no change since last visit date: 


Reviewed by: 


Figure 200.5 Established outpatient visit—update of PFSH and ROS (37). This use of an “update” to 
obtain and document the equivalent of a complete PFSH and ROS is indicated by the Documentation 
Guidelines (38). If obtained by a nurse or medical assistant, physicians must review, confirm, and 
supplement positive responses (by writing on the blank lines or by supplemental dictation). 


Except: 


must support the medical necessity of the billed service 
and the level of the service billed by the teaching physi- 
cian” (47). This third scenario allows teaching physicians 
to see their patients independently, where they can review 
their residents’ “comprehensive” medical notes and then 
perform and document care that is “problem focused” 
on the patients’ major medical issues. This also allows for 
the common practice where attending physicians regu- 
larly communicate with and teach their residents about 
these issues during normal teaching rounds. There are two 
requirements for effective documentation tools for teach- 
ing physicians to achieve compliant documentation and 
coding in this setting. First, the resident requires compli- 
ant documentation tools such as those described above 
(appropriate forms for inpatient care are available (48)) to 
ensure that his or her care and medical record documenta- 
tion support the appropriate level of service. The resident's 


Established Patient Visit Form 


H&P record should also report the name of the attending 
physician. Second, the teaching physician will benefit from 
a compliant medical record template built on the prin- 
ciples and vocabulary of IL-372 and CMS section 15016 
guidelines. A sample form is shown in Figure 200.10. 


CODING COMPLEXITIES, RBRVS, 
AND USE OF MODIFIERS 


Excellent documentation and correct coding of each pro- 
cedure or E/M service are essential for compliance and for 
billing, but they are only the first steps towards success- 
ful submission of claims for payment to MACs and private 
insurers. These fiscal organizations use sophisticated soft- 
ware systems with complex paradigms of coding relation- 
ships to determine the circumstances under which they 
will authorize payments for your claims. 


PRESENT ILLNESS Chronology with: 1. one to three elements [level 2 or 3] 2. four to eight elements; OR status of 3 chronic or inactive conditions [level 4 or 5] 
| (1) duration (2)timing (3) severity; (4)location (5) quality (6)context (7) modifying factors (8) assoc. signs & symptoms 


Chief Complaint: O See attached dictation 


Figure 200.6 Established outpatient visit—CC and history of present illness (39). This section requires 
free-text narrative for quality care and compliance. This may be documented by writing on the blank lines 
or by dictation. Note the documentation prompt, based on medically indicated level of care. In addition 
to listing the eight elements of the HPI, this prompt stresses obtaining and documenting a “chronologi- 
cal description of the development of the patient's present illness from the first sign and/or symptom [for 
initial visits] or from the previous encounter [for established patient visits] to the present” (40). 


vate I 
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I 


PHYSICAL EXAMINATION: 


Ear Nose & Throat 


Patient States Consultation Requested By 
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GENERAL (at least 3 measurements of vital signs) HT__ft___i WT. Ibs 
BP sitting-standing ss /_ =e mm Hg BP supine___/ =semmtHg 
PULSE __s/min_ regular - irregular RESP __/min TEMP __—o(F-C) 
Normal/AB Normal/AB 
GEINERAL APPEARANCE Stature, nutrition O C2 s|neck MASSES & TRACHEA Symmetry, masses oO oO 
COMMUNICATION & VOICE Pitch, clarity oO Oo THYROID Size, nodules Oo oO 
HEAD/ INSPECTION Lesions, masses O OC (eves OCULAR MOTILITY & GAZE EOMs, nystagmus oOo oO 
FACE PALPATION / PERCUSSION Skeleton, sinuses oO oO RESP. RESPIRATORY EFFORT Inspiratory-expiratory oO oO 
SALIVARY GLANDS Masses, tenderness a | AUSCULTATION Lung sounds oO QO 
FACIAL STRENGTH Symmetry O CO (evs HEART AUSCULTATION rhythm, heart sounds o oO 
ENT PNEUMO-OTOSCOPY EACs; TMs mobile oO oO PERIPH VASC SYSTEM Edema, color oO Oo 
HEARING ASSESSMENT Gross; Weber/Rinne oo LYMPH. NECKI/AXILLAE/GROINIETC. Adenopathy Oo Oo 
EXTERNAL EAR & NOSE Appearance oO oO NEURO/ CRANIAL NERVES i - Xi Oo Oo 
INTERNAL NOSE Mucosa, turbinates oO oO PSYCH. ORIENTATION Person, place, time Oo oO 
“AFTER DECONGESTANT Septum, OMCs EE} EI MOOD & AFFECT Comments Be 
UPS,TEETH & GUMS Mucosa, dentition ae (GR) a | *ROMBERG oO oa 
ORAL CAVITY, OROPHARYNX Mucosa, tonsils, palate tes gt *TANDEM ROMBERG oO QO 
HYPOPHARYNX Mucosa, pyriforms oO Ei “PAST POINTING oO Oo 
LARYNX (mirror: adults) Anatomy, vocal cord mobility oO oO 
NA‘SOPHAR. (mirror: adults) Mucosa, choanae ey OO See attached dictation 


4. problem focused =1-5elements[level1] 


Sige PE a rE ees rE srtintmiiaietitatasaaties 
4. comprehensive = document every element in basic areas AND at least 1 element in each optional area [level 4 or 5] 


“3. detailed = 12 or more elements [level 3] 
“optional 


Figure 200.7 Initial outpatient visit—physical examination (41). This section is based on the single 
organ system examination for “ear, nose, mouth, and throat” presented in the 1997 Documentation 
Guidelines. Physicians must document findings for all elements examined as normal or abnormal. 
Pertinent normal descriptions are preloaded, and physicians must provide detailed descriptions for 
all abnormal findings (42) (by writing on the blank lines or by supplemental dictation). Note the doc- 
umentation prompt, based on medically indicated level of care, located at the bottom of the section. 


Claims for Individual Services Only 


The most straightforward of these paradigms certify that 
procedures are age and gender appropriate and cross-check 
databases to ensure that charges are not made for surgery on 
body parts that had previously been removed. For example, 
a claim for CPT code 99385 (initial preventive medicine 
evaluation, age 18 to 39 years) will be rejected if the insurer's 
records indicate the patient is only 13 years old. Similarly, 
claims will be rejected for a prostate biopsy on a female 
patient or for gallbladder surgery on a patient whose records 
document previous performance of a cholecystectomy. 

On a more sophisticated level, payers’ claims processing 
software compares for appropriateness each procedure code 
with the associated diagnosis code(s). It will automatically 


reject procedure code 31575 (fiberoptic laryngoscopy) if it 
is submitted with diagnosis code 470 (deviated nasal sep- 
tum); the diagnosis does not support medical necessity for 
performing this type of procedure. Most of these software 
programs also assign an assumed level of illness severity to 
various diagnosis codes as well as medical necessity indica- 
tors for many pairings of procedure and diagnosis codes. 
As a result, for example, the programs will generally deny 
claims for E/M code 99214 (moderate to high NPP) when 
submitted with the sole diagnosis code of 460 (acute naso- 
pharyngitis or common cold) or 461.2 (acute ethmoid 
sinusitis); these diagnoses are not usually associated with 
sufficient illness severity to warrant high-level E/M services. 
They will also reject claims for CPT code 31231 (diagnos- 
tic nasal endoscopy) if submitted with either code 460 or 
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MEDICAL DECISION MAKING 
DATA REVIEWED (c): 


oO Audiology 


:2 of the 3 sections (a vs a’, b vs b vs b", c vs c' vs c) must meet or exceed indicated level of care 


O see attached dictation 
oO X-ray / CT scan 
D2 Labs blood work 


IMPRESSIONS / DIFFERENTIAL DIAGNOSES (a): 


NON OSES (8). rc err cermererpmmes rennet ee eo EMENT OPTIONS (a) 
sucha Minimal (level 2): a: Limited (level:3)/" 3; Multiple: (level 4) 4. Extensive (level 6) 0 


1) 1) O See attached dictation 
2) 2) 
po 

4) 4 

5) 5) 

DATA ORDERED (c'): ULL Minimal/or. none (tevel 2)! 12: Limited (level). 3; Moderate (level 4)/" 4: Extensive (level|6) 

oO Audiology oO Sinus CT scan oO MRI of IACs w gad. oO Allergy testing 


O See attached dictation 


COMPLEXITY OF DATA REVIEWED OR ORDERED (c") 


1. Minimal (level 2) 2. Limited ( 
1. min 


risk of presenting problem(s) (b): ; 1. min 2. low 3. mod 4. high 
risk of diagnostic procedure(s) ordered or reviewed (b’): 1. min 2. low 3. mod 4. high 
risk of management option(s) selected (b"): 1. min 2. low 3. mod 4. high 


Figure 200.8 Initial or established outpatient visit—medical decision-making (MDM) (43). This 
section includes all three subcomponents of MDM, separated into their related elements and 
organized to be compatible with physicians’ diagnostic process. Note particularly the inclusion of a 
section for documentation of the three levels of risk. Also note the documentation prompts, based 


on medically indicated level of care, located in each subsection. 


461.2 because of lack of medical necessity (medical indica- 
tions) for performing this procedure under these circum- 
stances. It is therefore essential for physicians and/or their 
staff (billing specialists or certified coders) to match each 
CPT code with one or more appropriate diagnosis codes. 
In addition, many accounts receivable systems for medical 
practices are equipped with “claims scrubbers,” software 
programs that review the coding and identify potential 
coding discrepancies for review and possible correction 
prior to claim submission. 


Claims for Multiple Procedures on Same 
Date of Service 


The magnitude of coding and billing challenges increases 
significantly when claims are submitted for two or more 


procedures, or for a procedure and an E/M service, per- 
formed on the same date of service. Addressing the com- 
plexity of claims for multiple CPT services requires an 
appreciation of a number of fundamental coding and bill- 
ing principles. 

Principle #1: The claims processing software of Medicare 
Carriers and essentially all private insurers are programmed 
to authorize payment for only one service per day. (The 
exceptions to this policy are codes labeled as “add-on codes” 
and codes with an “XXX” designation, indicating they are 
exempt from being combined under a surgical package or 
global concept.) Achieving payment for more than one 
appropriately coded service on the same day requires the 
use of appropriate modifiers to alert payers’ software that the 
claims should be paid. Modifiers are described in detail in 
Appendix A of CPT (49) and summarized below. 
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NATURE OF PRESENTING PROBLEM(S) 


0 minor 
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(level 1) i; Problem runs definite and prescribed course, is transient in nature, and is not likely to permanently 


alter health status; OR, has a good prognosis with management and compliance. 


0 low 


(level 1) : Problem where the risk of morbidity without treatment is low; there is little to no risk of mortality 


| Problem where the risk of morbidity without treatment is low to moderate; there is low to moderate 
risk of mortality without treatment; full recovery without functional impairment 
is expected in most cases, with low probability of prolonged functional impairment 


0 moderate [ (level 3) 


| Problem where the risk of morbidity without treatment is moderate; there is moderate risk of 


mortality without treatment; prognosis is uncertain, or there is an increased probability 
of prolonged functional impairment. 


0 mod - high | (leve 


| Problem where the risk of morbidity without treatment is moderate to high; there is moderate risk 


of mortality without treatment; uncertain prognosis or increased probability of 
prolonged functional impairment 


C0 high 


| 
L 


T (level 45) | Problem where the risk of morbidity without treatment is high to extreme; there is moderate to 


high risk of mortality without treatment, or high probability of severe prolonged 
functional impairment. 


Figure 200.9 Initial Outpatient Visit - Nature of the Presenting Problem(s) (NPP) (44). This section pro- 
vides CPT descriptions of illness severity associated with various levels of NPP; these are supplemented 
by associated levels of care presented in the CPT descriptors. Appropriate templates for NPP of estab- 
lished outpatient visits and other types of service are also available (44). Clinical examples, approved by 
various specialty societies including AAO-HNS, are provided in Appendix C of CPT. 


Principle #2: Most surgical procedures include a “sur- 
gical package” of additional care services (50). The surgi- 
cal package also includes expected E/M services related to 
the procedure for a particular time span. Additionally, the 
appropriate time span for each procedure is specified by 
CMS as the “global period,” which may be zero days or 10 
days for “minor procedures” and is 90 days for “major pro- 
cedures.” Certain other minor procedures (e.g., audiology 
codes) have an “XXX” designation, which indicates, “the 
global concept does not apply to the code” (51). 

Principle #3: Many procedures include performance of 
other less complex procedures as “components.” 

Principle #4: The relative value units (RVUs) assigned 
to each procedure are determined on the basis of vignettes 
that take into consideration the procedure itself, the surgi- 
cal package, and all less complex component procedures. 
These vignettes are developed by an AMA committee that 
includes representatives of most major specialty societies, 
including Otolaryngology—Head and Neck Surgery. They 
are available in the AMA publication “CPT Reference of 
Clinical Examples.” 

Principle #5: CPT principles for correct coding of multi- 
ple procedures all seem to reinforce a unifying basic premise: 
“Every medical service performed should be compensated 
once, but only once. For example, the physician should not 
submit a code for E/M services if another service (such as 
a procedure with a global period, as described below) also 
includes the value of that same E/M service” (52). 

Principle #6: Medicare provides an NCCI that indicates 
procedures it considers should not be billed (i.e, should 


not be coded) in combination with other procedures. 
There are currently more than 600,000 edits in the NCCI 
(53). Fortunately, most of these are “category 1/category 2” 
combining (i.e., “bundling”) edits that are compliant with 
CPT’s vignettes. However, Medicare also includes “mutu- 
ally exclusive edits” and defined payment policies that may 
differ from CPT’s assignment of RVUs. 

Principle #7: Most private insurers use claims process- 
ing software from a common vendor. While these systems 
also include combining or bundling edits, the number of 
edits is several magnitudes greater than in NCCI (54); most 
of the extra edits are necessarily inconsistent with CPT and 
with NCCI edits, and they are therefore noncompliant. 
When the explanation of benefits (EOBs) from private 
insurers deny claims based on these noncompliant edits, 
the justification is usually conveyed either as one proce- 
dure being “incidental to” another or the two procedures 
being “mutually exclusive.” Neither these two terms nor 
the explanations of what they mean are found in CPT or 
in NCCI, they are noncompliant with CPT principles and 
practices. 

Unfortunately, even though insurers require medical 
practices to use the CPT coding system to submit claims, 
and they pay on the basis of CPT codes, they are not legally 
required to follow CPT coding compliance principles. 
Despite this, it remains important for physicians to under- 
stand and adhere to proper coding and compliant use of 
modifiers so that they can identify and challenge noncom- 
pliant payment practices they encounter when dealing 
with payers. 
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Patient Name: 


O Please refer to resident medical record note by Dr. 


HISTORY: O Physically Present 


EXAMINATION: 


O Physically Present 


MED DECISION MAKING: O Physically Present 


minutes 


Commonly Used Modifiers for Multiple 
Procedures 


When submitting claims for two or more independent sur- 
gical procedures on the same date of service, the modifi- 
ers that are most commonly added to all procedure codes 
other than the principle code are .50, .51, and .59. The .50 
modifier should be applied whenever the physician per- 
forms a bilateral procedure at the same session. Examples of 
correct use of this modifier are 


Record # 


Physician Presence - Attending Physician should indicate either presence and participation in, or repeat and confirmation of, 
key elements of each component below and, in either event, enter summary comments on review of 
resident's documentation and confirmation or revision of findings. 


“A. 3/3 elements required for initial visit and consultation 
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~B. 2/3 elements required for subsequent care visit = 


dated pent 


O Personally Repeated (history of present illness and prior tests) 


O Review of history confirms the resident's documentation, with the following modifications and/or summary comments: 


O) Personally Repeated (major exam findings) 


CO Review of physical exam confirms the resident's documentation, with the following modifications &/or summary comments: 


Oj Personally Repeated: assessment, diagnosis, plan of care 


CO Review of decision making confirms the resident's documentation, with the following modifications and/or summary comments: 


Complete this section only if documented below >50% of visit time involved counseling and/or coordinating care. 


O > 50% of visit time involved counseling and/or coordination of care 


Attending physician's signature: 


Figure 200.10 Sample form for teaching physicians to document care provided under the rules 
of physician presence. 


m= 69436.50 to report bilateral tympanostomy with inser- 
tion of tubes (under general anesthesia) 

m 31255.50 to report bilateral endoscopic total ethmoidec- 
tomy (surgery on anterior and posterior ethmoid cells) 

m 30901.50 to report bilateral control of anterior nasal 
hemorrhage (simple) 


These example codes show procedures that are also fre- 
quently performed unilaterally, so the RVU values assigned 
to them incorporate the value of a single procedure. For 
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services that are most often performed as bilateral proce- 
dures or whose CPT descriptions specify that the procedure 
is designated as bilateral, it is not necessary or appropriate 
to add the .50 modifier. Examples of intrinsically bilateral 
codes include 


m 42826: Tonsillectomy, age 12 or over (this is an example 
of an intrinsically bilateral procedure) 

m 30801: Ablation, soft tissue of inferior turbinates, unilat- 
eral or bilateral, any method 


The .51 modifier is appropriate when two procedures are 
performed, and one is not a component of the other. This 
modifier signals to the payer's software that the procedures 
are independent, and they should both be paid. The high- 
est valued code should always be listed first, without the 
.51 modifier, because (as noted below) this procedure will 
be paid at full value while the others are each paid at 50% 
of their value. A common example of correct use of this 
modifier is 


m 31254 (endoscopic anterior ethmoidectomy), 31256.51 
(endoscopic maxillary antrostomy) 


CPT describes that the .59 modifier is to be used to indicate 
a “distinct procedural service.” This meaning is further 
clarified by stating that it “is used to identify procedures/ 
services, other than E/M services, that are not normally 
reported together, but are appropriate under the circum- 
stances. Documentation must support a different session, 
different procedure or surgery, different site or organ sys- 
tem, separate incision/excision, separate lesion, or separate 
injury” (55). CPT further cautions, “When another already 
established modifier is appropriate, it should be used 
rather than modifier 59” (55). An example of correct use 
of this modifier is 


m 31255 (endoscopic total ethmoidectomy), 31254.59 

(endoscopic anterior ethmoidectomy) 

m When performed on the same nasal passage, 31254 is 
a component of 31255 and should not be billed sepa- 
rately. However, if the procedures are performed on 
opposite sides of the nose, the .59 modifier is required 
to indicate that the procedures were not performed in 
the same location. 

m The .51 modifier could not be appropriately used, 
because software programs would assume the coding 
was for both procedures on the same side and would 
disallow the 31254 completely. 


The .59 modifier is effective in indicating that payment is 
appropriate for otherwise non-billable code combinations. 
However, it must only be used judiciously and correctly, 
as excessive use will likely trigger an audit and significant 
financial penalties if improper utilization is found. 

From the perspective of insurer payments, unfortunately 
Medicare long ago made a decision that it would reduce 
payments by 50% for all secondary procedures (those 
submitted with a .50, .51, or .59 modifier). This decision 
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came in 1992 with the introduction of the RBRVS system 
and a unilateral determination that the absence of distinct 
pre- and postoperative care for the secondary procedures 
justified the reduction. Almost all surgeons would dispute 
the validity of such a severe reduction, and its magnitude 
is even self-contradicted by Medicare’s use of only a 20% 
reduction when a surgeon delegates pre- and postoperative 
care to another clinician (indicated by use of modifier .54). 
However, this is a long-standing policy for Medicare, and it 
is duplicated by almost all private insurers (although some 
implement even greater reductions for third and fourth 
procedures). 


Commonly Used Modifiers for E/M Services 
Related to Procedures 


All diagnostic and surgical procedures that have an associ- 
ated global period are subject to the guidelines of the surgi- 
cal package definition, and the RVUs designated for these 
services include all E/M services provided under two par- 
ticular circumstances: 


m “Subsequent to the decision for surgery, one related 
Evaluation and Management (E/M) encounter on the 
date immediately prior to or on the date of the proce- 
dure (including history and physical).” 

m “Typical postoperative follow-up care” (56) 


These guidelines advise that under normal circumstances an 
E/M code should not be submitted when a procedure is performed 
on the same day (because the value for this service is already 
included in the value assigned to the procedure). However, 
there are several defined circumstances in which the E/M 
service is more extensive than normally anticipated. When 
these conditions arise, physicians are advised to submit a 
code for the E/M service with an appropriate modifier. The 
three modifiers that may apply are .24, .25, and .57. 

Compliant use of the .25 modifier, “significant, sepa- 
rately identifiable evaluation and management service 
by the same physician on the same day of the procedure 
or other service”: Although E/M services on the day of a 
procedure are included in the “surgical package,” certain 
well-defined circumstances warrant submission of an E/M 
code with a .25 or .57 modifier attached. The .25 modifier 
is applied only for minor procedures, that is, procedures 
with a zero-day or 10-day global period. The two situations 
that should justify this coding are 


mw If “the patient’s condition required a significant, sepa- 
rately identifiable E/M service above and beyond the 
other service provided or beyond the usual preoperative 
and postoperative care associated with the procedure 
that was performed” (57). This situation is most com- 
monly appropriate when the procedure is performed 
for one diagnosis (e.g., nasal endoscopy performed for 
evaluation of chronic sinusitis), and the E/M service 
is performed for a separate problem (e.g., acute otitis 
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externa). With two unrelated diagnosis codes, a payer's 
claims processing software should readily identify that 
the E/M service was for a significant and separately iden- 
tifiable condition. 

m If the E/M care resulted in the decision to perform a 
minor or diagnostic procedure, because CPT coding 
guidelines specify that the surgical package includes 
(only) E/M care that is performed “subsequent to the 
decision for surgery” 


However, the case of E/M as the basis of the decision for a 
minor procedure still requires a significant and separately 
identifiable E/M service, not simply problem-focused care. 
This interpretation is clarified in the Medicare RBRVS 
Physician’s Guide section describing minor surgeries and 
endoscopies: “Payment for a visit would be allowed in 
addition to payment for suturing a scalp wound if, in addi- 
tion, a full neurologic exam is made for a patient with head 
trauma. If the physician only identified the need for sutures 
and confirmed allergy and immunization status, billing for 
a visit would not be appropriate” (58). 

An excellent example of appropriate use of the .25 
modifier with decision for surgery would be an initial 
visit for a patient who is a smoker, has three months of 
persistent hoarseness, and has a hyperactive gag reflex 
that precludes an adequate mirror examination of the lar- 
ynx. Since this is an initial visit, it is logical and obvious 
that the E/M service was the basis for making a decision 
to perform a medically indicated fiberoptic laryngoscopy 
(CPT code 31575). Therefore, the appropriate E/M code 
should be submitted with a .25 modifier (assuming the 
physician performs and documents an appropriately high 
level of E/M service that is warranted for this patient). 
Unfortunately, there is a significant billing/ payment chal- 
lenge under the same circumstances if the patient is an 
established patient in the practice and presents with a 
new problem. When the same (or a related) diagnosis 
code is submitted for both the procedure and the E/M 
service, the payer's software has no means of confirming 
that the E/M service was truly the basis for the decision to 
perform the procedure. “The result is frequently denial or 
delay of claims processing, necessitating appeals for pay- 
ment and causing significant administrative burden for 
the physician’s staff” (59). 

Compliant use of the .57 modifier, “decision for sur- 
gery”: The CPT codebook specifies only that this modifier 
is used with an E/M service that results in the initial deci- 
sion to perform surgery. However, Medicare provides clari- 
fication that specifically differentiates correct use of the .57 
modifier from modifier 25, by stating, “use of modifier .57 
is limited to operations with 90-day global periods” (60). 
A hypothetical example for use of this modifier would 
be evaluation in the emergency department of an adult 
patient found to have a large parapharyngeal space abscess. 
The E/M evaluation would be billed (e.g., 99284.57) as the 
basis for the decision to take the patient to the operating 
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room and perform an open draining of the abscess (CPT 
code 21501, which has a 90-day global period). 

Compliant use of the .24 modifier, “unrelated evalua- 
tion and management service by the same physician dur- 
ing a postoperative period.” Most diagnostic procedures, 
such as fiberoptic laryngoscopy and fiberoptic nasal endos- 
copy, are assigned a zero-day global period. Therapeutic 
surgical procedures may have global periods of 0, 10, or 90 
days. Normally, no E/M codes should be submitted during 
the designated postoperative time frame. There are, how- 
ever, two circumstances under which an E/M code should 
be submitted with an attached .24 modifier: 


m Provision of an E/M service for a problem unrelated to 
the original procedure. For example, if a patient who has 
undergone a superficial parotidectomy develops acute 
ethmoid sinusitis during the 90-day global period, the 
evaluation and management of this episode should be 
coded (e.g., CPT code 99213.24 with a diagnosis code 
of 461.2). 

m= Treatment of a postoperative complication. CPT’s sur- 
gical package description of “typical” follow-up care 
encompasses the E/M services normally provided dur- 
ing the assigned global periods (0, 10, or 90 days). CPT 
further specifies. “Complications, exacerbations, recur- 
rence, or the presence of other diseases or injuries requir- 
ing additional services should be separately reported” 
(61). Therefore, if the patient who is postoperative from 
a superficial parotidectomy develops a fistula, the E/M 
care of this complication should be coded and submit- 
ted (e.g., 99213.24 with a diagnosis code of 527.4 [sali- 
vary gland fistula]). 


Although in most instances Medicare’s national policy 
for use of modifiers is compliant with CPT conven- 
tions, it has unilaterally adopted a number of “payment 
rules and policies” that contradict certain principles of 
the CPT coding system. One such policy concerns re- 
imbursement for complications that occur during the 
global period of an operation. Instead of recognizing 
that the RBRVS values for surgical procedures do not 
include any RVUs for potential care of postoperative 
complications, Medicare will not provide payment for 
any medical or surgical care that does not require a trip 
to the operating room. Its policy states, “Medicare will 
include these services (for complications) in the approved 
amount for the global surgery with no separate payment 
made” (62). Medicare therefore instructs that physi- 
cians should not submit any claims for E/M services 
provided for care of complications during the postop- 
erative global period. 
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CODING AND BILLING RISKS AND 
CHALLENGES IN OTOLARYNGOLOGY— 
HEAD AND NECK SURGERY 


Precise descriptive documentation of procedures and 
E/M services is the foundation for accurate coding. When 
applied to the billing process, documentation and coding 
are subject to review by Medicare and insurance carriers, 
which can lead to two potential issues for medical practices. 

The first issue is that practices must be alert to the 
potential for insurers’ noncompliant payment practices 
through improper “bundling” of payments and/or denial 
of services. For example, insurers have at times pro- 
grammed their claims processing software to improperly 
deny payment for performance of a nasal septal reconstruc- 
tion (CPT code 30520) by “bundling” it into endoscopic 
sinus surgery procedures (e.g., CPT code 31254), using the 
improper and nonspecific rationale that the septum opera- 
tion is “incidental to” the performance of the sinus sur- 
gery. This noncompliant payment practice was another of 
the critical issues in the national class action lawsuits filed 
by physician organizations against health insurers in the 
first decade of the 21st century (63). Practices must rise to 
the challenge of meticulous scrutiny of each line item of 
the EOBs they receive from payers, with follow-up inqui- 
ries and appeals to attempt to receive correct payment. This 
important concern is covered in the chapter on billing and 
accounts receivable. 

The second issue is that practices must be alert to com- 
pliance risks and potentially severe financial penalties in 
the event of audits of their coding and documentation 
practices by Medicare and/or private insurers. Although 
Medicare in particular does perform “random reviews,” the 
use of “targeted audits” is more prevalent, from Medicare- 
related organizations and private insurers alike. Targeted 
reviews are initiated when an automated (by computer) 
analysis of a physician’s coding and billing patterns reveals 
statistically significant disparities in frequency and/or 
intensity of services when compared with the patterns of 
fellow practitioners. This finding then triggers a request for 
medical records, which are evaluated by trained reviewers 
for appropriateness of care and coding. 

In the event of an audit by a MAC, other government 
agency (64), or private insurer, payment will be denied if 
the physician’s medical documentation is inadequate to 
support performance of the services claimed, if the coding 
is inaccurate (i.e., inadequate specificity), or if the docu- 
mentation fails to support medical necessity for performing 
the care. If the audit reveals only occasional problems, the 
medical practice may be provided educational materials 
and re-reviewed within a reasonable time frame. On the 
other hand, consequences escalate dramatically if a review 
reveals a high frequency of improper coding practices: 


m At a minimum, the practice will be required to refund 
the improper payments identified in the audits. (It is 
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noteworthy that under the requirements of the recently 
passed Affordable Health Care for America Act, practices 
must promptly self-report any overpayments they iden- 
tify, or they face additional financial penalties for non- 
reporting. ) 

m If medical record documentation consistently fails to 
support the specificity or medical necessity of claims 
submitted, the MAC or insurer may extrapolate the 
discovered errors to include all claims for those iden- 
tified services filed over a period of multiple years. 
Extrapolation can result in economically devastating 
repayments. 

m Practices may be placed under a “corporate integrity 
agreement” (CIA), requiring strict independent oversight 
of a formal compliance plan and prepayment review of 
all claims. 

m Under more egregious circumstances, a MAC auditor (or 
an auditor from the OIG or other government agencies) 
may conclude that such unsupported bills were “false 
claims,” resulting in additional fines of up to $11,000 
per claim. This determination may even lead to criminal 
prosecution. 

m Practices may be prohibited from participation in the 
Medicare or Medicaid programs. 


Recognized Risk Areas 


While some recognized risk areas for disparities in coding 
and billing practices relate to lack of specificity or misun- 
derstanding of component procedures, the most prevalent 
tisk category is failure of the documentation to support 
medical necessity. This vulnerability includes risks related 
to levels of E/M care, decisions for surgery, timing of sur- 
gery, and extent of surgery. As noted above in the defini- 
tion of medical necessity agreed upon in the national class 
action lawsuit settlements, medical necessity includes care 
that is “in accordance with generally accepted standards 
of medical practice” (65), and those accepted standards 
include “standards that are based on credible scientific 
evidence published in peer-reviewed medical literature 
generally recognized by the relevant medical community, 
Physician Specialty Society recommendations...” (66). In 
the specialty of Otolaryngology—Head and Neck Surgery, 
the Quality Improvement Committee and appropriate spe- 
cialty committees of the AAO-HNS have adhered to the 
practices of “EBM” in evaluating applicable peer-reviewed 
medical literature to compile its Clinical Indicators 
Compendium, Policy Statements, and Clinical Practice 
Guidelines and Clinical Consensus Statements (cited pre- 
viously as resources for compliance). As noted below, the 
tenets of EBM advocate using best evidence and guidelines 
as a Starting point for care; that is, they should be consid- 
ered a platform and not a box. However, it is incumbent 
upon physicians to document the basis for care decisions that 
significantly vary from these standards, particularly if they are 
to withstand reviews for compliance and quality of care. 
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As one perplexed physician reviewer observed in evaluat- 
ing coding for the performance of endoscopic sinus surger- 
ies, “the decisions for timing and extent of surgery relate 
to physician preferences rather than to patients’ medical 
indications.” 


Dr. David Sackett, commonly recognized as the “father 
of evidence-based medicine,” describes the principles 
and practice of EBM as the integration of best clinical 
evidence with individual clinical expertise and patient's 
individual values and expectations: “EBM is the consci- 
entious, explicit and judicious use of current best evi- 
dence in making decisions about the care of individual 
patients. The practice of EBM means integrating indi- 
vidual clinical expertise with the best available external 
clinical evidence from systematic research... Good doc- 
tors use both individual clinical expertise and the best 
available external evidence, and neither alone is enough. 
Without clinical expertise, practice risks becoming tyr- 
annized by external evidence, for even excellent exter- 
nal evidence may be inapplicable to or inappropriate 
for an individual patient. Without current best external 
evidence, practice risks becoming rapidly out of date, to 
the detriment of patients” (67). 


Specific Coding and Billing Risks 


Following is an overview of some of the most significant 
risk areas in Otolaryngology—Head and Neck Surgery, 
selected by frequency and intensity of service, including a 
brief summary of critical compliance concerns. 


Evaluation and Management Coding (E/M) 


1. Indicators for potential risk: Frequent use of high- 
level E/M codes (i.e., level 4 and level 5), particularly 
in association with diagnosis codes not usually associ- 
ated with relatively high severity illness (i.e., moderate 
to high NPP) 

a. See Appendix C of CPT for Clinical Examples of 
patients whose severity of illness (NPP) is deemed 
sufficient to warrant various levels of care. 

2. Documentation dangers: E/M documentation fre- 
quently fails to comply with principles presented in 
CPT and the Documentation Guidelines. This particu- 
larly includes failure to document qualitative features 
of E/M, the three levels of risk, and an assessment of the 
NPPs. 

a. Risk levels may be significantly increased in many 
EHRs that use noncompliant screen designs and 
noncompliant data entry shortcuts (resulting in 
“cloned” documentation). 
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b. Reports of Medicare/OIG audits of physicians using 
such noncompliant EHRs have documented repay- 
ment penalties in excess of $175,000 per physician 
(68). Noncompliant E/M coding in EHRs is near the 
top of the OIC’s list of items to audit in its 2011 - 
2013 work plans. 


Ear Procedures 


1. Removal of ventilation tube(s) in the operating 
room (CPT code 69424) (performed for prolonged 
retention). 

a. Indicators for potential risk: Codes submitted for 
performing a tympanic membrane repair (CPT code 
69610), myringoplasty [69620], or tympanoplasty 
without mastoidectomy [69631] instead of, or in 
addition to, code 69424 (particularly if performed 
routinely) 

b. Compliance risk: Standard practice followed by 
most physicians is removal of the retained tube 
allowing spontaneous closure without the medical 
necessity of a repair procedure; there is no evidence 
for a significant failure rate of this less complex 
treatment. 

i. If there are conditions in a specific case warrant- 
ing such a repair (e.g., a widened perforation or 
a monomeric membrane around the retained 
tube), these should be well-documented in the 
medical record and in the “indications” section 
of the operative report; additional diagnosis 
code(s) might also be indicated. 

c. Note: If tube removal is performed in office setting, 
no procedure code is applicable; the procedure is a 
component of the E/M service. 


Nose and Sinus Procedures 


Review of the coding and billing practices related to most of 
the procedures in this section reveals significant physician 
disparities in frequency of performing the procedures, timing 
of performing the procedures, and/or extent of procedures 
performed. Detailed review of documentation frequently 
reveals additional disparities among physicians in clinical 
indications for performing the procedures. These variations 
occur despite the existence of evidence-based standards for 
care and the absence of clinical evidence of significant differ- 
ences in outcomes with more extensive techniques. 

1. Diagnostic nasal endoscopy (CPT code 31231) 

a. Indicators for potential risk: Codes submitted with 
high frequency, especially when associated with diag- 
nostic codes not commonly associated with medical 
necessity for performing this procedure and particu- 
larly when employed during an initial evaluation of 
a new medical problem 

b. Compliance risk: The appropriate ear, nose, and 
throat physical examination (under both 1995 


Chapter 200: Compliant Documentation, Coding, and Billing in the Practice of Otolaryngology 


and 1997 Documentation Guidelines protocols) 
includes an intranasal examination using anterior 
rhinoscopy, with or without utilization of a topical 
decongestant spray. Routine use of a nasal endo- 
scope to perform all or part of this standard intrana- 
sal examination, instead of or in addition to use of 
anterior rhinoscopy, is considered to be “primarily 
for the convenience of the physician,” and it there- 
fore fails to meet the criteria for “medical necessity.” 
Figure 200.2’s documentation form for nasal endos- 
copy includes a number of clinical indications that 
support the medical necessity of performing this 
procedure to supplement anterior rhinoscopy. 


2. Nasopharyngoscopy with (fiberoptic) endoscope 
(CPT code 92511) 


a. 


Indicators for potential risk: Codes submitted with 
high frequency, especially when associated with diag- 
nostic codes not commonly associated with medical 
necessity for performing this procedure 

Compliance risk: The appropriate ear, nose, and 
throat physical examination (under both 1995 
and 1997 Documentation Guidelines protocols) 
includes a mirror examination of the nasopharynx. 
Routine use of a fiberoptic endoscope to perform 
this standard examination instead of or in addition 
to use of a mirror, while clinically acceptable, is con- 
sidered to be “primarily for the convenience of the 
physician,” and it therefore fails to meet the criteria 
for “medical necessity." Documentation of medical 
necessity should include two components: (a) the 
medical indication for examining the nasopharynx 
and (b) a reason why mirror examination provides 
inadequate visualization. 


3. Turbinate surgery: Mucosal cauterization (CPT codes 
30801 and 30802), partial or complete resection infe- 
rior turbinate (CPT code 30130), submucous resection 
inferior turbinate (CPT code 30140), and therapeutic 
fracture of inferior turbinate (CPT code 30930) 


a. 


Indicators for potential risk: Codes submitted with 
high frequency, particularly as a routine component 
of most sinus operations and/or nasal septal recon- 
structive surgery 

Compliance risk: The AAO-HNS “Clinical Indicators 
Compendium” emphasizes that one of the required 
indications for performing surgery of the inferior 
turbinate is “chronic nasal obstruction, management 
inadequate” (69). Standard management for uni- 
lateral compensatory turbinate hypertrophy asso- 
ciated with a deviated nasal septum is correction 
of the septal deformity, with physiologic return to 
normal mucosal thickness and airway patency over 
a relatively short period of several weeks. Similarly, 
standard management for reactive turbinate hyper- 
trophy associated with chronic unilateral or bilat- 
eral sinusitis is medical or surgical correction of the 
sinus pathology, with physiologic return to normal 


3327 


mucosal thickness and airway patency over a rela- 
tively short period of several weeks. These guide- 
lines reserve turbinate intervention solely for those 
unusual cases that demonstrate continued turbinate 
pathology with airway obstruction after this primary 
surgical management. Therefore, the routine use of 
turbinate surgery, prior to evaluating the outcome 
of corrective surgery, appears to be “primarily for 
the convenience of the physician,” and it therefore 
fails to meet the criteria for medical necessity. 


4. Endoscopic sinus surgery: Anterior ethmoidectomy 
(CPT code 31254), total ethmoidectomy (CPT code 
31255), maxillary sinusotomy (CPT codes 31256 and 
31257), frontal sinus exploration (CPT code 31276), 
and sphenoidotomy (CPT codes 31287 and 31288) 


a. 


Indicators for potential risk: Two high-risk issues 
stand out in reviewing coding and billing patterns 
for endoscopic sinus surgery. The first is frequent 
or consistent performance of surgery in close prox- 
imity to the initial evaluation for nasal and sinus 
symptoms, which suggests significant variance from 
medical necessity guidelines. The second risk factor 
is high frequency of multiple procedures during 
each surgical episode; that is, many or most surger- 
ies including total ethmoidectomy, frontal sinus 
surgery, and/or sphenoid sinus surgery. This finding 
suggests the possibility of significant variance from 
both specificity and medical necessity guidelines. 

Compliance risk: The AAO-HNS “Clinical Indicators 
Compendium” provides comprehensive guidelines 
on appropriate indications for performing endo- 
scopic surgery as well as specifications that affect 
timing and extent of surgery. These include “failure 
of medical management for chronic sinus pathol- 
ogy ... (including) optimal medical therapy prior to 
obtaining sinus CT scan, prior to nasal endoscopy, 
and prior to surgery ... (this therapy includes) anti- 
biotic therapy consisting of four to six consecutive 
weeks of appropriate antibiotic drugs” (70). The 
timing required for adequate medical therapy raises 
significant concerns when claims consistently reveal 
performance of surgery in less than 6 weeks after ini- 
tial consultation. Another of these guidelines relates 
medical necessity for each component of surgery to 
specificity of diagnostic findings: “Surgical procedure 
and findings must be compatible with clinical sta- 
tus, CT findings, and nasal endoscopic findings (all 
determined after optimal medical therapy). That is, only 
patients with significant persistent sinus symptoms 
and pathology should undergo surgery” (71). High 
frequency of multiple extensive surgeries, particularly 
after optimal medical evaluation and therapy, is also 
inconsistent with the practices of many physicians 
who experience excellent outcomes with endoscopic 
surgery that in the majority of cases is confined to 
the anterior ethmoid sinus and the maxillary ostium. 
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c. Sinus care and documentation should reflect the 
standards presented in the Clinical Indicators 
Compendium. In the event of variance from these 
standards, documentation should clearly support 
the medical indications for discrepancies. 

5. Debridement (CPT code 31237) 

a. Indicators for potential risk: Codes submitted for 
a significant majority of cases of endoscopic sinus 
surgery, particularly with multiple and frequent 
debridements. Claims reviews commonly reveal 
that physicians who submit for multiple debride- 
ments do so in essentially every case. Particular 
concern relates to both medical necessity for per- 
forming the procedures and whether the proce- 
dures performed meet the specificity required to 
qualify as a true debridement (rather than just 
cleaning debris). 

b. Compliance risks 
i. In the postoperative management of primary 

and noncomplex endoscopic sinus surgery 
patients, there is no evidence of more favor- 
able outcomes in patients undergoing multiple 
debridement procedures. In its Policy Statement 
on Debridement of the Sinus Cavity after FESS, 
while the AAO-HNS affirms, “The frequency 
with which the above mentioned procedure 
should be performed is a clinical judgment best 
made by the surgeon,” it also advises that this 
frequency should be “determined on a case by 
case basis” (72). However, for surgeons whose 
use of debridement following noncomplicated 
procedures is routine rather than individually 
determined, it appears to be “primarily for the 
convenience of the physician” and therefore fails 
to meet the criteria for medical necessity. 

ii. Of greater concern is a potential specificity issue 
related to submission of claims for nasal clean- 
ing treatments whose intensity of service fails to 
qualify as a true debridement. The AAO-HNS 
Policy Statement on debridement also specifies 
that debridement “involves transnasal insertion 
of the endoscope for visualization and parallel 
insertion of various instruments for the pur- 
pose of removal of postsurgical crusting, devi- 
talized mucosa or other contaminated tissue. 
It is performed under local or general anesthesia in 
an office suitably equipped or operating room, 
depending on the clinical circumstances of the 
case” (72). However, documentation of debride- 
ment procedures frequently reports only use 
of suction and forceps to remove loose crusts, 
rather than more demanding procedures requir- 
ing injected local anesthesia or general anesthe- 
sia. Such documentation fails to support the 
specificity required to code for a true debride- 
ment procedure. 
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Oral Cavity 


1. Coding for uvulopalatopharyngoplasty (UPPP) and 

tonsillectomy (CPT codes 42145 and 42826): 

a. Indicators for potential risk: Most surgeons express 
the opinion that the combination of these two proce- 
dures involves greater skill, effort, and time than per- 
forming a UPPP alone. However, Medicare’s NCCI 
edits designate tonsillectomy to be a component 
service of the UPPP procedure. Therefore, submitting 
claims for performing both services during the same 
operation is an example of “unbundling.” In other 
words, the value of a tonsillectomy is included in the 
RVUs assigned to the more complex UPPP procedure, 
so it should not also be coded and billed separately. 


Larynx 


1. Flexible fiberoptic laryngoscopy (CPT code 31575): 

a. Indicators for potential risk: Codes submitted with 
high frequency, especially when associated with diag- 
nostic codes not commonly associated with medical 
necessity for performing this procedure 

b. Compliance risk: The appropriate ear, nose, and 
throat physical examination (under both 1995 
and 1997 Documentation Guidelines protocols) 
includes a mirror examination of the larynx. Routine 
use of a fiberoptic endoscope to perform this stan- 
dard examination instead of, or in addition to, use of 
a mirror, while clinically acceptable, is considered to 
be “primarily for the convenience of the physician,” 
and it therefore fails to meet the criteria for “medi- 
cal necessity.” Documentation of medical necessity 
should include two components: (a) the medical 
indication for examining the larynx and (b) a rea- 
son that mirror examination provides inadequate 
visualization. The documentation form for fiberop- 
tic laryngoscopy shown in Figure 200.2 includes a 
number of clinical indications that support the med- 
ical necessity of performing this procedure. 


SUMMARY 


High-quality documentation accurately reflects the proce- 
dures and cognitive services physicians provide for their 
patients. In addition, the introduction of effective docu- 
mentation templates that integrate compliance principles 
and enable efficient data entry can facilitate accurate cod- 
ing and actually promote quality patient care. Even when 
working in practices that include certified professional 
coders, physicians need to understand and practice the 
basic concepts of compliant documentation and coding. 
Not only does their knowledge assist coders by providing 
the specificity they require for accurate identification of 
services, but it is also addresses the critical area of medi- 
cal necessity, which only physicians can provide. For the 
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practice of Otolaryngology—Head and Neck Surgery, the 
“generally accepted standards of medical practice” that are 
the foundation of medical necessity include the evidence- 
based recommendations found in the AAO-HNS’s Clinical 
Indicators, Policy Statements, and Practice Guidelines. 


m The E/M coding system is actually derived from the 
recognized medical student text “Bates’ Guide to 
Physical Examination and History Taking.” 

The E/M system is therefore a codification of the 
medical diagnostic process that all physicians 
learn in their training as being the most effective 
method for providing high-quality patient care. 

Therefore, compliantly designed medical record 
tools can actually help physicians provide opti- 
mal care within a time frame that meets the limi- 
tations of the current health care environment. 

m Physicians require a toolkit of usable, efficient, and 
compliant data entry options for efficient and com- 
pliant documentation, including 

Proper application of graphic and narrative inter- 
face designs 

Proper application of templates, with limited 
and cautious use of macros 

Optimal use of appropriate data entry personnel, 
including staff and/or patients 

Optimal use of appropriate data entry modalities 
for dictation, legible handwriting, and/or key- 
board and mouse (with electronic health records) 

m Coding principles rely on reporting the most appro- 
priate procedure codes using CPT designations and 
the most appropriate diagnosis codes using ICD-9 
designations: 

Codification has multiple uses, including report- 
ing for CER, population studies for public health, 
and (in the United States) submission of claims 
for payment. 

m The critical factors in achieving compliant cod- 
ing and documentation are specificity and medical 
necessity. 

Specificity is required for selection of correct pro- 
cedure and diagnosis codes. 

Medical necessity is a central factor in appro- 
priateness of claims, including consideration of 
standards of care and application of evidence- 
based medicine. 

m The three central concepts to compliant coding and 
billing are: 

“Medical necessity of a service is the overarching 
criterion for payment in addition to the individ- 
ual requirements of a CPT code.” 


“If medical care is not documented in the medi- 
cal record, it is treated as if it had not been per- 
formed.” 

“Automation is not documentation.” 

m Physicians’ requirements for effective medical record 
documentation and coding tools include usability, 
efficiency, compliance, data integrity, promoting 
quality patient care, and appropriate productivity. 

Appropriate template designs for procedures and 
for evaluation and management services (E/M) 
incorporate specificity and medical necessity to 
fulfill these goals. 

m= Physicians at teaching hospitals can and should 
incorporate the concepts of Medicare’s compli- 
ance requirements (IL-372 and section 15016 of 
the Carriers Manual) to integrate personal prob- 
lem-focused care and documentation plus teaching 
responsibilities with the comprehensive care and 
documentation provided by their resident physicians. 
This requires compliant E/M documentation tools 
for the residents and compliant “physician presence” 
documentation tools for the teaching physicians. 

= To ensure proper billing and payment, physicians 
need to understand the basic concepts related to the 
RBRVS and appropriate use of modifiers. 

= Physicians should be aware of noncompliant pay- 
ment practices employed by Medicare and private 
insurers to improperly “bundle” services and deny 
appropriate payments. 

= Physicians should be aware of possible compliance 
risks and potentially severe financial penalties in the 
event of audits of their coding and documentation 
practices by Medicare and/or private insurers: 

A number of recognized risk areas are reviewed 
for both E/M services and specific procedures. 
Physicians should be aware of and familiar with 
standards of care compiled by the AAO-HNS in 
its “Clinical Indicators,” “Policy Statements,” 
and “Clinical Practice Guidelines and Clinical 
Consensus Statements.” 
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Clinic Management 


Dana E. Habers 


This chapter works in concert with others in this book to 
provide residents, medical students, and physicians with 
a high-level overview of the core skills required to suc- 
cessfully manage a clinical practice. It is meant to build a 
practical awareness of ambulatory (outpatient) clinic oper- 
ations, not as an exhaustive manual. The core elements of 
establishing a practice, promoting access for patients to 
your services, retaining patients and referral sources, and 
sustaining financial viability are discussed. The core ele- 
ments of a clinical practice include 


Human Resources 

Access Management 

Clinic Efficiency 

Managed Care Contracting and Financial Management 
Critical Communication and Protecting Patient Privacy 
Information Technology 

Marketing 


Beyond the operating and exam room, there are fundamen- 
tal skills critical to a physician’s success in the medical busi- 
ness. Too many medical students and residents graduate 
with high honors and a list of academic achievements, but 
fail in their careers because of a lack of basic business savvy. 
A full business education is simply too vast to include in 
the educational journey of a medical school and residency, 
and this chapter outlines the core skills required to success- 
fully manage a clinical practice and a practical understand- 
ing of ambulatory (outpatient) operations. Throughout 
the text, Key Resource inserts are included that lead to more 
extensive sources of information on each subject. 


Above all else, personnel and the human element of any 
clinical practice will drive its success. Management is one 
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area where the art to medical science comes into play; it 
requires a significant time investment and is the area most 
likely to provide a return on investment than any other 
aspect of clinic management. People make the business. 
From the provider and their staff to the patients and their 
families, having the right people on the team will make all 
the difference. 

Whether a physician is in private practice or joins the 
faculty of a large academic medical center, their role in 
clinic is inherently that of a leader. The physician sets the 
tone for a practice, and support staff will revere and respect 
a physician who is a good leader. What good news for the 
ego, but the responsibility that comes with this role can- 
not be underestimated. Leadership is refined with experi- 
ence and does not come naturally to every medical school 
graduate. It is worth the time and energy for physicians to 
hone their leadership skills and work towards greatness in 
this regard. Top leaders are “differentiated from other lev- 
els of leaders in that they have a wonderful blend of per- 
sonal humility combined with extraordinary professional 
will. Understand that they are very ambitious; but their 
ambition, first and foremost, is for the company’s success. 
They realize that the most important step they must make 
to become a Level 5 leader is to subjugate their ego to the 
company’s performance. When asked for interviews, these 
leaders will agree only if it’s about the company and not 
about them” (1). 

Beyond the physician, the people supporting their pro- 
vision of care carry tone and culture throughout the prac- 
tice. Relationships between the physician and patient are 
pivotal, but the amount of time patients spend interacting 
with the clinic staff far outweighs time spent with their 
physician. A positive patient care experience hinges on 
whether each team member they interact with consistently 
demonstrates helpfulness and kindness and promotes an 
environment of safety, security, and confidentiality. Hiring 
staff who subscribe to common philosophies on customer 


service and priorities in the workplace forms the founda- 
tional stability for a thriving, oftentimes unpredictably 
busy clinical practice. 

In addition to hiring the right people for the right roles, 
it is important to rightsize the number of employees. There 
are several organizations in the market that offer bench- 
marking data for staffing levels. It is important to gauge, 
but difficult to compare unequivocally to other practices, 
as support needs vary widely from practice to practice and 
will depend on several factors. 


Several health care management organizations exist for 
benchmarking and idea sharing: to name a few, the Med- 
ical Group Managers Association, Healthcare Financial 
Management Association, Healthcare Information and 
Management Systems Society, American College of 
Healthcare Executives, and many more that dive deeper 
into specialties or delineate between academic medicine 
and private practices. 


Patient volumes, socioeconomic characteristics of the 
patient population, mix of services provided, and even 
the physician’s personal style of practice all factor into 
determining the right number of support staff per phy- 
sician. Key operational roles include registered nurses 
(RNs); licensed practical nurses (LPNs); medical assistants 
(MAs); and nonmedical administrative support including 
management, schedulers, patient accounting, housekeep- 
ing, information technology, and medical receptionists. 

Retention of excellent employees saves a practice both 
time and money and improves the quality of care. National 
studies have estimated the average cost of replacing an RN 
to be anywhere from about $22,000 to over $64,000 (2). 
Turnover costs are estimated to range between 0.75 and 
2.0 times the salary of the departing individual (3), while 
nurse turnover costs have been estimated at 1.3 times the 
salary of a departing nurse (4). Patient care can suffer when 
the nursing and administrative staff members are inexperi- 
enced or unfamiliar with the clinic operations. 

Beyond just being a great leader and setting a produc- 
tive cultural tone, there are tactical strategies to retain good 
people. Making the financial investment in your staff is 
the most obvious. Paying market-competitive salaries that 
keep pace with inflation and offering a competitive ben- 
efits package to supplement take-home pay are strategies. 
People are also motivated by nonmonetary rewards and 
recognition that can be as simple as a note of apprecia- 
tion when they've done a good job or getting recognition 
for making a positive impression on a patient. Retention 
is not a mystery—consider what drives each individual 
on your team and ensure that his or her intrinsic needs 
to be a happy and productive employee are met. Support 
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the sharing of ideas, get to know staff, and listen to their 
concerns. Provide opportunities for their personal and 
professional growth. These are valuable investments in the 
core of the clinical practice, the people. 


ACCESS MANAGEMENT 


Access to health care has sparked ongoing debate and 
political division in the United States for years. Physicians 
are inherently committed to treating patients who come to 
them in need of care. However, health care professionals 
are not immune to economic realities. In the current sys- 
tem, the cost of health care often exceeds individual afford- 
ability. While many Americans have insurance coverage, 
there are a vast number of individuals and families who 
do not. There are also people with high deductible insur- 
ance plans who, while covered by an insurance plan, will 
struggle with affordability. Health care providers must bal- 
ance both missions: to provide care to those in need, while 
remaining viable as a business and able to sustain contin- 
ued services over the course of time. Increasingly, ethical 
pressure builds on the physician to walk this fine line. 

One method used to promote sustainability is to divide 
a portion of patient appointment slots between various 
payer classes. This mechanism builds in both the accom- 
modation of patients with a variety of payment sources 
as well as the funding from enough insured patients to 
sustain the practice. 

Logistical access points are another component of access 
to health care. Requests for physician services come from a 
variety of constituents: referring primary care doctors, refer- 
ring specialists, their office staff, and patients themselves. 
To accommodate all requests, it is advisable to develop 
policies and consistent protocols around both who is 
authorized to refer a patient to the clinic and what pro- 
cess they must follow to do so. For example, if a referring 
physician calls to request an appointment for one of his 
or her patients, copies of applicable clinical information 
from the patient’s chart will need to be sent prior to the 
appointment. Labs or other ancillary test results from out- 
side sources will avoid ordering duplicate studies or tests 
and achieve a continuum of care for the patient. Such poli- 
cies must be built in advance and adhered to consistently 
in order to ensure equity in access. Another consideration 
in access points is how requests are received—whether by 
inbound phone, fax, e-mail, or other mechanisms, a quick 
turnaround and bidirectional communication with the 
requester is important to promote access and survive in a 
competitive market. Acquiring a reputation of being dif- 
ficult to access or slow to respond to appointment requests 
will quickly drive referring physicians to send their patients 
elsewhere. 

Scheduling template design is also critical. It impacts 
not only revenue but also clinic throughput, efficiency, staff 
morale, and patient satisfaction. Length of appointment 
will naturally vary by provider, but a good rule of thumb 
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for a new physician starting to build the practice is to allot 
15-minute increments for every standard patient visit. The 
template can be adjusted accordingly to properly account for 
a typical new or established patient visit with each provider. 

There are several examples of template design tech- 
niques that can be used to promote access, the most com- 
mon include 


m Stream scheduling: Patients are each given a unique 
appointment time and arrive in a steady stream through- 
out clinic. Setting realistic appointment times is critical 
for smooth patient flow. This is the most common model. 

m Open access: No appointment is required. Patients are 
seen during specified hours on a first-come, first-serve 
basis. This technique works well for brief visit types and 
when clinic staffing levels are flexible to accommodate 
variations in demand. 

m= Double booking: Two or more patients are given the same 
appointment time. This works best for patients whose 
needs can be met simultaneously, for example, patient A 
requires lab work and will have a wait time while results 
are processed, during which the physician can see patient 
B for suture removal. Double booking is also used where 
patient populations have a high rate of no shows or last- 
minute cancellations, in order to ensure a full schedule 
despite last-minute decline in patient demand. 

m Clustering: Patients with similar problems or who 
require an assembly line procedure are seen consecu- 
tively. This is useful if the patient care involves a par- 
ticular piece of equipment and efficiencies are gained by 
seeing patients back to back. 

m Wave or modified wave scheduling: Two or three patients 
who have complex or time-consuming problems are 
scheduled at the beginning of each hour, followed by 
single appointments every 10 to 20 minutes the rest of 
the hour devoted to patients with minor problems or 
for same day walk-ins. In wave or modified wave, the 
appropriate triage of patient needs when scheduling the 
appointments is critical to success. 


Once an appointment is scheduled, the process to obtain 
approval for any procedures should begin immediately. 
The difficulty for physicians in this system is that each 
insurance company typically develops a unique set of rules 
around which procedures require an authorization, the 
process physicians must follow to obtain pre-approval, and 
even the level of detail or data sets required to obtaining 
an authorization. The best approach is to have dedicated 
office personnel for this function who can become familiar 
with each of the rule sets, keep abreast as they change, and 
allow as much time as possible to follow their protocols 
before a service is rendered. 

The patients’ arrival to the clinic presents a prime oppor- 
tunity to validate their demographic and insurance infor- 
mation. This information must be accurately captured to 
process medical claims or advance their account through 
the collections cycles for payments due after the date of 
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service. Many insurance companies provide eligibility veri- 
fication tools on their Web sites, or there are clearinghouse 
vendors whose technology will automatically validate 
discreet data fields against various insurance company 
databases to guide correction of inaccuracies. 


CLINIC EFFICIENCY 


Physicians in training are often criticized for the time it 
takes to do many of the things they have been taught to 
do well. For example, documentation that is thorough and 
detailed takes time, as does visiting with a patient during 
a routine evaluation and management visit. However, in 
order to stay afloat, a clinical practice will survive off vol- 
ume. As long as the reimbursement environment is based 
on a fee-for-service infrastructure, the more services a phy- 
sician can provide in a day, the more financially viable the 
physician’s practice will be. The challenge for physicians is 
to find balance and work towards efficiency, trimming any 
wasted time from the day. Clinic layout and flow is one 
way to save steps for physicians, nurses, and other support 
staff. It is important to have the right number of support 
staff, but each one must have the ability to do his or her 
job efficiently and without, or at least with minimal, waste. 

Bottlenecks can arise in the physical layout of the clinic 
space, the stocking and flow of medical supplies and equip- 
ment, or even in the logistical characteristics of the support 
staff. For example, to run two exam rooms in parallel, the 
vitals station must be set up to filter patients through from 
the waiting area to exam room in a timely manner. Having 
a vitals space that is in an awkward location or having too 
few staff to support patient movement through the hall- 
ways can result in exam rooms sitting vacant for periods of 
time or worse sitting idle with waiting patients inside. Flow 
diagrams, Pareto charts, spaghetti diagrams, and process 
time studies are all excellent continuous quality improve- 
ment tools available to help troubleshoot clinic flow issues. 

It will be obvious that there is a problem; the difficulty 
comes with identifying the root cause and implementing 
and monitoring the fix. Successful improvement initia- 
tives begin with a clear goal and an understanding of the 
information needed to identify and monitor measures 
of resolution. According to Raymond Carey, “The goal of 
data collection is to gain an objective view of the process 
under investigation and to understand how it is perform- 
ing over time. The healthcare field is replete with data. Few 
industries collect as much data as we do in healthcare. The 
problem we face, therefore, is not a data problem, it is an 
information problem” (5). 


OPERATIONAL ADAPTABILITY 


Health care is an amorphous industry, one in which the 
physician and their support team must continuously evolve 
to meet the needs of their customer. Clinic operations 
management is complex in that it requires standardization 


and structure, while remaining flexible enough to adapt as 
the regulatory, technologic, financial, and medical envi- 
ronments change. Leading change is a critical skill for phy- 
sicians in light of this challenge. 

“Change is a physical event so it’s not surprising that 
many people have strong reactions to it.... To get any idea 
rolling, it is important to build understanding and enthu- 
siasm. When the idea is supported by a sufficient number 
of key people, it takes off under its own steam, building 
its own sense of momentum” (6). When planning change, 
there are key steps that will ensure adoption by even the 
most reluctant support staff. 

First, communicate about what is driving the change— 
what is the catalyst? Context helps people understand and 
often empathize with the change leader. Second, gain criti- 
cal mass in the organization. Identify key opinion leaders 
who will more readily shift from neutral to supportive and 
allow their influence to drive peers who are resistant from 
their state of resistance to one of neutrality. Third, actively 
listen to concerns and address them consistently and per- 
sistently, allowing emotional reactions to change to sub- 
side under the limelight of good information. 

Even with extensive planning and communication, 
there will remain those who simply will not accept change. 
As a change leader, be mindful that late adopters can easily 
drain time and resources. Identify late adopters early on 
and have a plan in place to address their resistance without 
sacrificing support for the adoptive group. Change is never 
easy, but will always be a part of what physicians must 
embrace. 


A CLIMATE OF SAFETY AND QUALITY 


The term culture of safety is typically associated with produc- 
tion industries like automotive manufacturing or nuclear 
power. “Accident-free” signs hang near construction sites, 
and certifications such as ISO-9000 indicate the success of 
assembly line industries in meeting measurable quality stan- 
dards. The application of safety-oriented research is incred- 
ibly important to health care, despite its differences from 
a factory. Health care poses a challenge most other indus- 
tries do not have: each patient is unique, so standardized 
processes must also adapt in consideration of each patient's 
needs. There is no one size fits all or mechanical assembly 
line. However, the benefits of standardization where appli- 
cable ensure quality and serve to reduce medical errors. 
Clinic support staff must feel comfortable bringing for- 
ward matters they believe to be potential quality or safety 
issues. They need an open, safe forum for passing this 
information up to the management or physician team to 
proactively address. Many organizations provide an anony- 
mous mechanism to promote honest, open feedback and 
solicit input from those who are on the front lines and 
therefore more likely to notice potential safety land mines. 
The response when a medical error or safety breach 
does occur is also a key indicator of the culture. Health 
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care involves many potential points of failure, and delivery 
of health services is a complex web of people, resources, 
and systems. “Errors are not synonymous with negligence. 
Medicine’s ethos of infallibility leads, wrongly, to a cul- 
ture that sees mistakes as individual problems or weak- 
nesses and remedies them with blame and punishment. 
Instead people should be looking for the multiple con- 
tributing factors, which can be resolved only by improving 
systems” (7). 


MANAGED CARE CONTRACTING 


Contracting to become an in-network provider with a man- 
aged care company promotes business for the population 
of patients who are covered by that insurance plan. In the 
process of contracting, one key negotiation is the amount 
agreed to accept as payment in full, also called the allow- 
able. Universal billing codes called Current Procedural 
Terminology (CPT) codes are used to both negotiate rates 
by procedure, as well as in the submission of claims for 
payment. Reimbursement for each CPT code will depend 
on the up front negotiation, typically phrased as a percent of 
Medicare reimbursement. Other contract terms include ter- 
mination clauses, processes for claims submission and pay- 
ment remittances, methods used to recoup overpayments 
or address underpayments, and length of the agreement. 
Small private practices are advised to seek legal counsel on 
all contract negotiations from an attorney experienced in 
health care reimbursement, and larger group practices typi- 
cally employ their own contracting and legal departments 
to facilitate discussions with the insurance carriers and 
advocate for fair reimbursement for physicians work. 


Overview of Negotiation Goals 


Provider goals in a 
negotiation: 


Insurance company goals 
in a negotiation: 


Maximize payment per service 
provided 

Minimize authorization 
requirements for procedures, 
autonomy in decision-making 
for medical necessity 

Minimize administrative burden in claims adjudication (file claims 
and receive payments electronically, etc.) 

Promote access to physicians for insured patients/members 


Minimize payment per service 
provided 

Utilization review—control 
procedure volumes, limit to 
medical necessity only 


There is a delicately balanced trade-off between rates 
and volumes. Once the contract is signed, your role in 
the relationship must remain proactive and continuous. 
Each payer requires ongoing maintenance. Specifically, 
close monitoring of claims payments over time to assess 
whether payers are complying with the terms and agreed 
upon rates. Several tools in the marketplace have the 
capacity to electronically scrub or analyze claims pay- 
ment data and identify under- and overpayments. These 
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tools provide the data, but reacting to it in a timely fash- 
ion is critical to your relationships and ultimately the 
bottom line. If payers are overpaying, they will likely 
request a recoupment down the road and oftentimes not 
at opportune moments given clinic cash flow. If they are 
underpaying, you must connect with your representative 
to identify the issue, fix it, and ensure proper payment 
for your services according to the agreed upon terms both 
retroactively and going forward. It is likely there will be 
errors in payment as systems on both the insurer and 
provider side are complicated and interwoven. Expecting 
payment terms to be met without constant monitoring is 
overly optimistic. 


Medicare allowables are public information. Rates by 
CPT code are published on the Centers for Medicare 
and Medicaid Services at https://www.cms.gov. This 
Web site contains up-to-date information for physicians 
on repayment for care of Medicare beneficiaries. 

The current formula used to calculate rate of reim- 
bursement is founded on a measure of physician pro- 
ductivity called a relative value unit (RVU) and ona 
geographic cost of living/practice adjustment called a 
geographic practice cost index (GPCI), as follows: 


2010 Non-Facility Pricing Amount 
= ([Work RVU x Work GPCI] 
+[Transitioned Non-Facility PE RVU x PE GPCI] 
+[MP RVU x MP GPC]I]) x Conversion Factor (CF) 


2010 Facility Pricing Amount 
= ([Work RVU x Work GPC] 
+[Transitioned Facility PE RVU x PE GPCI] 
+[MP RVU x MP GPCI]) x CF 


The conversion factor for CY 2010 is $36.0846. 

Specificreimbursementrates and detail on each codeis 
available in a lookup reference on Medicare’s Web site at: 
https://www.cms.gov/apps/physician-fee-schedule/ 
overview.aspx. 


FINANCIAL MANAGEMENT 


As health care becomes increasingly complex, so too do 
the financial mechanisms layered beneath the practitio- 
ner in support of their clinical practice. Despite national 
recognition of the need to revolutionize how much our 
nation is spending on health care, as of 2011, the payment 
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methodology used to reimburse physicians for their time 
and expertise is based on the volume of services provided. 
A standard value unit is applied to each procedural code 
available to a physician for billing (CPT Coding), and 
further, a dollar value is assigned to that work. As such, 
payment models intrinsically motivate physicians to gen- 
erate the greatest volume possible. Pay for performance 
and value-based purchasing are new buzz words to the 
reimbursement scene in the early 2000s and are each an 
attempt to tie in quality of care in addition to volume. 
The idea being, rather than paying providers simply for a 
specific service, payers would reimburse providers based 
on their clinical outcomes or on measurable indicators of 
effective health care services. These systems are imperfect 
and exist in a variety of pilot modes across the country, 
but they are driving providers to pay attention to quality 
measures and patient population management strategies 
in addition to daily clinic operations. Whether or not our 
industry adopts these models, it is generally agreed across 
political platforms that the current model in the United 
States is unsustainable. Health care financing is convoluted 
and has evolved over time into a difficult to understand 
stratosphere of funds flows. 

Where consumers (patients) are accustomed in most 
industries to paying for goods or services at the time they 
are rendered, in health care there are third-party fiscal 
guarantors who may be responsible for payment on the 
patient’s behalf and most often payment from patients 
is not due or due several weeks after a service has been 
provided. The process to determine financial responsi- 
bility and pursue payment takes time, introducing days 
of lag between the point when a service is rendered and 
when it is fully paid for by either the insurance agent or 
patient. 

Reducing this lag is a goal of any financially savvy clinic 
manager. There are several methods to do so, but most 
effective is to attempt to collect the patient portion of pay- 
ment on the day of their office visit. This point of service 
opportunity allows the provider to make decisions about 
their willingness to see patients who are in debt for prior 
services or unwilling to resolve those balances in a timely 
manner. It is also a key time to educate patients about their 
expected out-of-pocket expense, and patients may need to 
make decisions about the services they receive when care 
is optional. Estimating the actual out-of-pocket expense 
for any visit is a challenge since information around the 
full complement of services that will be provided to a spe- 
cific patient are often undefined until after a patient needs 
assessment is complete. Estimating as accurately as possi- 
ble and practicing consistent policies for services rendered 
before, after, or regardless of payment is critical to estab- 
lish. Typically, offices collect at a minimum the co-pay 
amount for their visits up front, and it is common to bal- 
ance bill the coinsurance, deductible, or other cash outlay 
by patient statement on the back end post-adjudication of 
any insurance claims. 


Another method to expedite payment for health care 
services is to file claims to the payer sources electronically. A 
standard, Health Insurance Portability and Accountability 
Act (HIPAA)-compliant file format exists to promote this 
mode of claims processing. It is beneficial for both the pro- 
vider and insurance agent because it reduces manual inter- 
vention and labor associated with the claims adjudication 
process. 

Patient responsibility for health care costs ebbs and 
flows over time. Insurance companies are shifting more 
out-of-pocket responsibility to patients as health care 
costs rise and threaten to shrink their margins. This trend 
has made it increasingly difficult for physicians and hos- 
pitals to accurately collect payment for their services. 
“The economic recession and rising unemployment— 
plus changing demographics and baby boomers aging 
into Medicare—are among the factors expected to influ- 
ence health spending during 2009 to 2019. In 2009 the 
health share of gross domestic product is expected to have 
increased 1.1% points to 17.3%—the largest single-year 
increase since 1960. Average public spending growth rates 
for hospital, physician and clinical services, and prescrip- 
tion drugs are expected to exceed private spending growth 
in the first 4 years of the projections. As a result, public 
spending is projected to account for more than half of all 
US health care spending by 2012” (8). What this means to 
the average physician is the expectation of increased pro- 
ductivity, despite the inevitability that reimbursements will 
hit a plateau. 

Enrollment in private health insurance plans is also 
changing the composition of guarantors responsible to 
pay for physician services. “Private health insurance premi- 
ums grew 1.3% in 2009, a deceleration from 3.5% growth 
in 2008. Benefit payment growth also slowed, from 4.4% 
in 2008 to 2.8% in 2009. These trends were heavily influ- 
enced by the recession as private health insurance enroll- 
ment declined. In 2009, spending for benefits increased 
faster than premiums, and as a result, the net cost of pri- 
vate health insurance (or the difference between premiums 
and benefits) fell to an 11.1% share of total private health 
insurance spending from 12.4% in 2008—a continuation 
of its recent decline” (9). 

Given these climate changes, it is critical that physi- 
cians and health care managers work towards efficiency 
and contain overhead costs to the degree feasible. Again, 
there is a delicate balance in this task—one must continue 
to provide excellence in health care and promote a positive 
patient experience, while capturing enough revenue to sus- 
tain the practice over the long term. 


CRITICAL PATIENT COMMUNICATION 


Established and dependable communication pathways 
between providers and their patients are a requirement 
of any ambulatory clinic. Nurses often manage most of 
the triage and alleviate the provider from having to be 
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involved in every patient care call. The key to building 
an effective system of triage is to empower clinic staff 
at the lowest common denominator to address patient 
needs. For example, calls from patients requesting 
appointments or seeking driving directions should be 
managed by an administrative support staff member, 
where a prescription refill request requires the medical 
expertise of a nurse to respond. Physicians may receive 
an escalated call if, for example, another physician is 
requesting a consult or advice on patient care. There 
must be systematic accountability built into the flow for 
prompt response times and follow through in meeting 
the caller’s needs. Physicians face great competing inter- 
ests for the time in their day, so building a strong team 
of dependable, capable staff to manage the patient care 
needs expands the breadth and impact of the physician’s 
clinic day. 

Patients will inevitably need to consult their physician 
after business hours, and a process must be in place for 
ensuring patient needs continue to be met during those 
times. Rotating a provider on call is the most common 
method used to promote work-life balance for physicians; 
having some resource available will prevent patients from 
defaulting to the emergency room when faced with an 
after-hours need. 

Technology has promoted communication through 
electronic mail. Health care is still relatively uncharted, 
and physicians face liabilities on medical advice or treat- 
ment offered via e-mail. It is not yet sophisticated enough 
as a technology to fully assess patient status, but can be 
an effective tool of working with established patients to 
refill prescriptions or schedule follow-up appointments. 
While much of this is physician preference, availabil- 
ity of a provider by e-mail can be a major point of sat- 
isfaction for patients who are accustomed to this mode 
of communication for other aspects of their lives. There 
are CPT codes available for consults provided over e-mail; 
however, many insurance companies refuse to reimburse 
for this service. Undoubtedly, as technologies change, the 
potential for varying modes of communication between 
patients and their providers will continue to expand and 
evolve. 

A useful tool for gauging whether a patient popula- 
tion is satisfied with their provider relationship and care 
experience is by conducting randomized patient satisfac- 
tion surveys. There are several vendors on the market that 
will conduct a survey by phone, e-mail, or mail; collate 
the responses; and provide statistical data and comment 
data back to their provider clients. Feedback on the physi- 
cian and the patient’s experience in the clinic is useful to 
gauge likelihood of practice growth, identify weaknesses or 
opportunities for improved bedside manner, and supple- 
ment face to face impressions with measurable, ongoing 
evaluation of care. Patients who feel confident in the abili- 
ties of their provider often demonstrate higher likelihood 
of compliance with treatment plans, and ultimately a solid 
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relationship with their caregiver can mean a healthier 
lifestyle through medication compliance and motivated 
lifestyle choices. In the end, making patients healthy is not 
enough—making patients happy in addition is important 
to a physician’s success. 


PATIENT PRIVACY 


Clinics must be physically and operationally designed to 
protect patient privacy. The Health Insurance Portability 
and Accountability Act of 1996, or HIPAA sets national 
standards for the security of individual identity and health 
information. These guidelines are enforced by the Office of 
Civil Rights, and failure of a practice to comply or breach 
can result in serious penalties. 


Visit the U.S. Department of Health and Human Services 
Web site for detail on who is covered by the Privacy Rule, 
what information is protected, and permitted uses and 
disclosures (http://www.hhs.gov/oct/privacy/). 


Promote privacy in the clinic setting by following simple 
but often overlooked behaviors: 


= Do not discuss patient cases in the hallways. Conver- 
sations can easily be overheard. 

= Do not discuss patient cases with anyone other than 
those who need to know in order to care for the patient. 

m Secure all medical records, paper and electronic. No 
exceptions. 

m Restrict access to information systems at the appropriate 
levels, and track individual activity in any system con- 
taining protected health information. 

m Design work spaces to promote privacy. Shade visible 
computer monitors, ensure patients are offered a space 
to carry on private or sensitive conversations with staff at 
registration desks and vitals stations, and insulate exam 
room walls to prevent noise pollution. 

m Properly disclose breaches, and immediately address the 
security weakness in order to prevent it from impacting 
additional patients. 


INFORMATION TECHNOLOGY 


Information technology has drastically changed the way 
clinicians function. From the medical technologies and 
connectivity between them, to electronic visits and tele- 
medicine, technologic advancement has set the stage for 
physicians to reach further distances to apply their skills. At 
the same time, technology has complicated the clinical set- 
ting by introducing a nonhuman element to patient care. 
Providers often document medical record information 
electronically throughout a patient encounter, which can 
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distract the physician’s attention from the actual patient 
encounter. Balancing bedside manner with the need to 
efficiently and thoroughly document their treatment 
will be a growing challenge for physicians as technology 
continues to become an integral part of the health care 
experience. 

Electronic medical records come in as many variet- 
ies as patients—there are systems designed specifically 
for subspecialists or generic ambulatory models that can 
cross multiple specialties. There are also varying degrees 
of connectivity. Some systems allow a community of pro- 
viders to connect seamlessly to one another's medical 
records, with patient permission, and promote the shar- 
ing of information at the click of a button. However they 
are designed, their role in health care and clinic day-to-day 
operations is growing and critical. When implemented 
and used properly, the benefits of an electronic health 
record far outweigh the burdens. Medicare has begun tying 
reimbursement amounts to the use of this technology by 
providers through a program called Meaningful Use. The 
choice between paper and electronic medical charting is 
becoming obsolete, and drivers point towards a very near 
future where all medical doctors function on some degree 
of electronic medical records, often interconnected across 
practice lines. 


Medicare is introducing financial penalties, which follow 
closely behind a brief period of financial incentives, for 
providers based on their ability to demonstrate Meaningful 
Use. For a full review of the program, refer to https://www. 
cms.gov/EH RIncentivePrograms/30_Meaningful_Use.asp. 


Information technology is opening doors, not only for 
patient care and quality but also for management of phy- 
sician practices as business entities. Making informed 
decisions is critical to survival in the health care industry. 
Regulatory and financial environments dictate constant 
change and require frequent reevaluation of practice via- 
bility. It is important to invest in a technology infrastruc- 
ture that will allow decisions to be driven by data. There 
is a vast array of performance metrics, and within each 
metric there can also be multiple means of calculating 
the metric. Trending performance against both industry 
competitors and collaborators must be done with cau- 
tion due to this variability. It is also highly recommended 
that trending be done against internal benchmarks, for 
example, reviewing the visit volumes of a practice in the 
current month compared to the same month prior year. 
This allows you to monitor both the health and viability 
of the practice as well as its likelihood to compete in a 
given market. 

Below is a list of some basic key performance indicators 
typical of a clinical practice dashboard. 
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Key Measures of Practice Performance 


Metric 
Charges 


Importance to Clinic Management 


Total dollar value of services provided in a given time period. Charges are 


Collection rates 


Patient revenue 


Payer mix 


Resource 
utilization 


Physician work 


relative value 
units (WRVU) 


Visit volumes 


an indicator of volume of work completed by a clinician. In managed 

care contracts, recall that the final reimbursement amount will be the 
contractual allowable, not the actual charge. Always charge equal to or 
greater than the contractual allowable to maximize collections. Charge 
amounts have a greater impact on self-pay patients, unless your practice 
has a discount policy. Tracking charges month to month can be skewed by 
changes in the fee schedule. 

Calculations for collection rates vary greatly, but the most common are 
Gross Collection Rate (GCR) and Net Collection Rate (NCR). 

GCR = Total Amount Collected/Total Amount Billed, does not account for 
differences in contractual allowances, subject to fluctuation with fee schedule 
changes which may not have corresponding impact on actual reimbursement. 

NCR = Total Amount Collected/Total Amount Billed—Contractual 
Allowances + Refunds and Overpayments. 

Most accurate measure of collections performance by calculating effective- 
ness of collecting total potential revenue. 

Total dollars received for services provided in a given time period. The 
primary source of income for most practices is fee-for-service patient care 
revenue; although some have other inputs such as contractual arrange- 
ments to provide consultative work or inpatient hospital coverage. 

Patient population broken out into payer classifications. Percentages are 
commonly broken down into the main five to six payer classes with the 
remainder defined as Other. Practices often measure Medicare, Medicaid, 
Insured, Uninsured, and break Insured down into the top three to four 
coverage plans. Knowing the percent of your patient population in each 
category will gauge whether reimbursement rates will suffice to cover 
overhead. 

How many patients are seen per exam room per hour, or how many of the 
allotted clinic hours are spent providing patient care gives some measure 
of productivity and also use of fixed overhead on space. 

The relative level of time, skill, training, and intensity required to render a 
service. The resource-based relative value scale, developed for the Center 
for Medicare and Medicaid Services, assigns a relative value to each CPT 
code relative to all of the other CPT codes. RVUs are determined by com- 
mittees of the American Medical Association. The committees’ members 
come from all medical specialties and include representatives from other 
health professions, including nursing. The committees assign a relative 
value after hearing testimony from specialty groups on how many hours 
or minutes it takes to perform a procedure, the level of skill required, the 
level of education/training required, and the practice expense associated 
with a procedure. Measuring wRVU totals over time gauge the level of 
complexity and volume of services being provided, and are commonly 
used in productivity-based compensation plans for physicians. 

Basic count of visits attended or billed by a physician can be a gauge of 


3339 


patient demand for services, supply or availability of the physician, or both. 


MARKETING 


There will always be a need for doctors, nurses, and clini- 
cal care teams to serve patient health needs. However, suc- 
cess in the health care market is not a given. While demand 
continues to grow, in some markets supply of health care 
providers exceeds the community need. Marketing and 
attention to the public perception and understanding of 
your practice remain important survival tactics in the field. 
An investment in a marketing firm for guidance on practice 
name, and most effective mediums in your market will pay 
off. Typical mediums include 


Yellow and white pages, update both print and online 
directories 

Web sites—invest in both an owned and operated Web 
site as well as update your information found on go-to 
resources for the general public such as Health Grades, 
WebMD, and Ansgie’s List. 

Social media networks like Facebook or Twitter 
Becoming involved in your local community through 
chamber of commerce memberships, local charity and 
volunteer work, guest speaking at conferences, and other 
networking business opportunities 

Outreach to referring doctor's offices through regular visits 
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m Direct mail campaigns or newsletters to patients and 
their families 

m Provide opportunities for members of your local com- 
munity to become engaged in your practice by offering 
community educational seminars or free screening days. 


Any of the above incrementally or in combination will 
reach key audiences and promote growth. Above all, word 
of mouth prevails, and patients who have come to see you 
and had a stellar experience will be the most powerful mar- 
keting tool you have to grow your practice. 


SUMMARY 


This chapter introduced several fundamental skills critical 
to a physician’s success in the medical business. While not 
meant to be an exhaustive manual on how practitioners can 
become business savvy, we have introduced the core con- 
siderations for physicians whether running a small private 
practice setting or becoming a member of a large physician 
practice plan. Business acumen comes in time and with 
experience, but the highlights on clinic management include 


m Human resources—people are at the core of health care, 
and it is the most important investment of time and 
money you can make to develop a dependable, talented, 
aligned support staff. Physicians set the tone, and the 
attitude and citizenship of the provider will permeate all 
others in a clinic setting. 

m Access management—making it easy for patients to get 
appointments will improve their satisfaction and pro- 
mote relationships with the referring community. 

m Clinic efficiency, remaining adaptable, and promoting a 
climate of safety and quality care will improve the likeli- 
hood that patients will return or recommend their phy- 
sician to others. 

m Financial viability of the practice hinges on managed 
care contracting, financial management, and accurately 
capturing any reimbursement for all services provided. 

m Remaining available to patients for critical communication 
and protecting patient privacy are both a responsibility of 
the physician and a right of the patient. 

= Information technology continues to shape health care, 
and it is inevitable and something that when embraced 
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can enhance both the life of a physician and the quality 
of care given to patients. 

m Marketing and setting oneself apart from competitors 
will be key in establishing an identity not as an individual 
physician but as a leader in the field of medicine. 
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Information 


Comparative Medical 
Systems 


Every year in the United States, over 40,000 people die 
because of lack of health insurance (1). Among industrial- 
ized democracies, only the United States fails to provide 
universal health coverage. According to the U.S. Census 
Bureau, in 2010, 49.9 million Americans—over 16% of the 
population—lack health insurance (2). This is an increase 
in the uninsured, from 2008, of several million individu- 
als, and an increase of over one percentage point of the 
nation’s total population. About 10% of American chil- 
dren under 18 were uninsured in 2009. 

Among those with coverage, the number of people with 
employment-based insurance is falling. Due to recent job 
losses in the current economic downturn, another 2010 study 
by the independent Commonwealth Fund estimates that 
“nine million working-age adults—57 percent of people who 
had health insurance through a job that was lost—became 
uninsured in the last two years” (3). The study further notes 
that “an estimated 44 million people were paying off medi- 
cal debt in 2010, up from 37 million in 2005,” and that “4 
million declared bankruptcy because of medical bills.” 

Most physicians are not experts on the topic of com- 
parative medical systems. This chapter serves as an intro- 
duction, from one doctor’s perspective. The topic is huge 
and covered in detail by peer-reviewed journals such as 
Health Affairs, along with regular commentaries in The New 
England Journal of Medicine, frequently updated books and 
Web sites, and in-depth reports by national and interna- 
tional expert organizations such as the Institute of Medicine 
(10M) and the World Health Organization (WHO). 

Although we do not cover everyone in the United States, 
we spend far more per capita than other similar countries 
and yet have significantly worse outcomes. Figures from 
2009 from the Organisation for Economic Co-operation 
and Development (OECD), whose 34 countries include 
most of the world’s wealthy industrial democracies, show 
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total health expenditure per capita in the United States at 
currently nearly $8,000. This compares to an estimated 
$5,350 in Norway, the next highest spender, and $4,363 
in neighboring Canada (4). In fact, the OECD notes that 
although US government spending on health care is less 
than half of total health care expenditures, at 47.7%, 


...the level of health spending in the United States is 
so high that public (ie, government) spending on 
health per capita is greater (emphasis in original) than 
in all other OECD countries, except Norway and the 
Netherlands. For this amount of public expenditure in 
the United States, government provided in 2009 insur- 
ance coverage only for the elderly and disabled people 
(through Medicare) and some of the poor (through 
Medicaid and the State Children’s Health Insurance 
Program [SCHIP]), whereas in most other OECD coun- 
tries this was enough for government to provide univer- 
sal health insurance (4). 


In effect, one could say that we pay enough in taxes to 
achieve universal coverage, but do not receive it. Other 
analyses point to a significantly higher percentage of total 
US health care spending from taxes—as much as 60%— 
without universal coverage (5). 

Despite our outlier expenditures, our results are sig- 
nificantly below average, compared to similarly wealthy 
nations. Our average life expectancy is 78 years, compared 
to 80.7 years in Canada, for example (putting Canada 
more than 1 year higher than the OECD average, of 79.5 
years, in 2009) (G). Similarly, our infant mortality is 6.5 (in 
2008, latest available), which is much higher than the aver- 
age in other OECD countries, of 4.4 in 2009. Our infant 
mortality rate is much higher than Canada’s, which was 5.1 
in 2007. The OECD notes that “... while life expectancy in 
the United States used to be 11% year above the OECD aver- 
age in 1960, it is now... almost 11% year below the average 
of 79.5 years” (7) (emphasis in original). 
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There are numerous ways, aside from the standard over- 
all statistics of life expectancy and infant mortality, to com- 
pare different countries’ medical systems and outcomes. 
One approach looks at “deaths from treatable conditions,” 
termed “amenable mortality.” A study comparing the 
United States with 18 other industrialized countries, evalu- 
ating “trends in deaths considered amenable to health care 
before age seventy-five between 1997-98 and 2002-3,” 
found a decline in all countries in amenable mortality over 
this period, averaging 17%. However, “the United States 
was an outlier, with a decline of only 4 percent” (8). 

While our higher per capita health expenditures buy 
us more MRI and CT machines, on average, than other 
OECD countries, we have fewer doctors and hospital beds. 
The 2011 OECD comparison report notes that “in 2009, 
the United States had 2.4 practising physicians per 1,000 
population, below the OECD average of 3.1.” The report 
notes that we have 2.7 hospital beds per 1,000 popula- 
tion in 2007 (latest year available), lower than the OECD 
average of 3.5 beds in 2009. We have 34.3 CT scanners per 
million population in 2007 (latest year available), much 
higher than the OECD average of 22.1, and 25.9 MRIs per 
million population, “more than twice the OECD average 
of 12.0” (9). But more machines, and fewer doctors and 
hospital beds, do not equate to longer life expectancy nor 
lower infant mortality. 

Among other participants in the field, thousands of 
physicians, including this author, are active in Physicians 
for a National Health Program (PNHP.org), a nonprofit 
advocacy group working for single-payer national health 
insurance in the United States, also termed Medicare for 
All. My personal perspective, based on my reading of rel- 
evant research, is that such a system would provide the 
most rational and cost-effective solution to the problem 
of the uninsured. You will make your living as an otolar- 
yngologist via compensation from our medical system (or 
fragmented parts of it, as detailed below), throughout your 
career. If your doors are open to them, self-pay patients—a 
euphemism for the uninsured—will likely present them- 
selves in your clinic every week. 


THE PROBLEM: LACK OF UNIVERSAL 
COVERAGE IN THE UNITED STATES 


Through diverse approaches, the citizens of every indus- 
trialized democracy but ours have passed universal health 
coverage for their populations. We are also alone in hav- 
ing a predominantly for-profit health insurance industry, 
in which insurers are private corporations that (must) gen- 
erate dividends for stockholders and multimillion-dollar 
incomes for top executives. Here, of course, any patient 
“can always go to the ER,” but this inadequate “safety net” 
approach does not constitute universal coverage. 

Most otolaryngology residents see patients in the ER 
who have delayed seeking medical attention due to lack 
of health insurance. Of course, this delay often worsens 
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their prognoses and outcomes. A study of over 60,000 
laryngeal cancer patients in the National Cancer Database 
from 1996 to 2003 found that “individuals lacking insur- 
ance or having Medicaid are at greatest risk for presenting 
with advanced laryngeal cancer” (10). (The study’s authors 
further note that “results for the Medicaid group may be 
influenced by the postdiagnosis enrollment of uninsured 
patients.” Medicaid is the public insurance program for 
the poor, jointly funded by federal and state governments.) 
They comment that “in multivariate analysis, the type of 
health insurance remained the strongest predictor of stage 
at diagnosis and tumor size.” 

The authors of the laryngeal cancer study also looked 
at over 40,000 oropharyngeal cancer patients in the same 
national database. They found that, “after controlling for 
other sociodemographic characteristics, patients with 
advanced oropharyngeal cancer at diagnosis were more 
likely to be uninsured (odds ratio 1.37; 95% confidence 
interval 1.21-1.55)” (11). They noted that, after “control- 
ling for covariates [patient sex, age, race, treatment facil- 
ity type, zip code-based education and income categories, 
and U.S. Census region],” this association reached a very 
high statistical significance, with a value of P < 0.0001. 

From my own residency, I remember more than one 
patient with laryngeal cancer who waited until experienc- 
ing acute airway compromise, after having been hoarse 
with odynophagia for weeks or months, before coming to 
the ER. These patients then usually needed a total laryngec- 
tomy for their T4 tumor. An earlier diagnosis would likely 
have required a less extirpative treatment. In a long-stand- 
ing free annual community head and neck screening clinic 
conducted by the University of Michigan Department of 
Otolaryngology, “lack of insurance (P = 0.05) was a signifi- 
cant predictor of a lesion suspicious for malignancy” (12). 

The IOM, the health arm of our National Academies, has 
noted for a number of years that, “for adults without health 
insurance [emphasis in original], the evidence shows: ... 
adults are more likely to be diagnosed with later-stage 
cancers that are detectable by screening or by contact with 
a clinician who can assess worrisome symptoms” (13). 
The IOM physician representative who testified before 
Congress on its most recent report on the uninsured, Dr. 
John Ayanian of Harvard Medical School, noted in his tes- 
timony that “Uninsured adults are 25 percent more likely 
to die prematurely than insured adults overall, and with 
serious conditions such as heart disease, diabetes or can- 
cer, their risk of premature death can be 40 to 50 percent 
higher” (14). 

Lack of insurance, of course, is not the only factor con- 
tributing to the delay of diagnosis and treatment in seri- 
ously ill patients, including head and neck cancer patients. 
There are what have been termed “patient delay” fac- 
tors, including vague or nonurgent-appearing symptoms. 
There are also “professional delay” factors, attributable to 
clinicians initially evaluating head and neck malignan- 
cies, in diagnosis and/or referral. These delays have been 


identified for over two decades as a contributing factor in 
the advanced stage at which oral and oropharyngeal carci- 
nomas are often diagnosed (15), for example. 


THE SOLUTION(S)—WHAT OTHER RICH 
COUNTRIES DO 


There are numerous different classification schema for 
comparing countries’ medical systems. With his permis- 
sion, I borrow a classification system published by the jour- 
nalist and author T.R. Reid, a longtime correspondent for 
The Washington Post. He served as chief of the Post's Tokyo 
and London bureaus, and hence lived in those countries, 
and utilized their health systems, for extended periods of 
time. He recently spent over a year surveying other rich 
countries’ health care systems, using his own stiff and pain- 
ful shoulder as an entrée for a personal evaluation of these 
other systems. He also interviewed many physicians and 
policymakers, in many industrialized democracies. 

He detailed his experiences and conclusions in a tele- 
vision documentary and a best-selling book. The docu- 
mentary aired on the PBS program Frontline, entitled “Sick 
Around the World—Can the United States learn anything 
from the rest of the world about how to run a health care 
system?” (16). The countries’ systems differ quite signifi- 
cantly, from one to the other, but they each provide uni- 
versal coverage. One section of the program’s website is 
entitled “Five Capitalist Democracies & How They Do It.” 
His subsequent book is entitled The Healing of Democracy: 
A Global Quest for Better, Cheaper, and Fairer Health Care 
(17) and provides an entertaining and very readable intro- 
duction to comparative medical systems. Michael Moore’s 
2007 popular movie Sicko (18) also compared our sys- 
tem to other countries and includes numerous personal 
vignettes of American uninsured individuals. 

Reid writes at length about his conversations with the 
Harvard economist William Hsiao, who has been involved 
in setting up health care systems in over a dozen countries. 
Hsiao (19) has coauthored a prominent textbook, Getting 
Health Reform Right, and his “team of health system analysts 
was commissioned by the Vermont Legislature to develop 
and evaluate three options for health system reform and 
determine which option would best achieve the stated 
goals” (20). His team “found that the system capable of 
producing the greatest potential savings and achieving uni- 
versal coverage was a single-payer system.” 

Hsiao was very involved in setting up Taiwan’s relatively 
new single-payer system. Reid reports that his conversa- 
tions with Hsiao focused on first principles: 


“Before you can set up a health care system for any 
country,” Hsiao told me, “you have to know that coun- 
try’s basic ethical values. The first question is: Do people 
in your country have a right to health care? If the people 
believe that medical care is a basic right, you design a 
system that means anybody who is sick can see a doctor. 
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If a society considers medical care to be an economic 
commodity, then you set up a system that distributes 
health care based on the ability to pay. And then the 
poor, pretty much, are left out” (17). 


As Reid notes, “all the developed countries except the 
United States have decided that every human has a basic 
right to health care.” He divides health care systems into 
four basic models: 


m The “Beveridge” model (the United Kingdom, Spain, 
and others) 

m The “Bismarck” model (Germany, Japan, Switzerland, 
and others) 

m The National Health Insurance model (Canada, Taiwan, 
and others) 

m The Out-of-Pocket model 


While most wealthy democracies have adopted one of the 
first three models exclusively, our “system” in the United 
States comprises parts of all four of these models, includ- 
ing the last, which is neither “coverage” nora “system.” 

One important distinction among medical systems 
is often initially difficult for some Americans, includ- 
ing many American physicians, to grasp, in part because 
of imprecise rhetorical attacks on “socialized” medi- 
cine: There is a significant difference between national 
health insurance, with doctors in private practice, and a 
national health system, with doctors sometimes employed 
by the government. Additionally, in a universal coverage 
approach with insurance, health insurance can be single- 
payer, or multi-payer. The United States has a hodgepodge 
of different approaches, but its multi-payer (usually for- 
profit) insurance system does not provide universal cover- 
age and access. 

Our Medicare program is single-payer national health 
insurance program for seniors. Medicare reimburses phy- 
sicians in private (or academic) practice who care for 
these seniors. Medicare is a “third-party payer,” separate 
from the patient (first party) and the provider (second 
party). Physicians compete against one another, in the 
marketplace, for these senior patients, although all phy- 
sicians get paid by the same government insurance sys- 
tem. In contrast, the Veterans Administration (VA) is a 
pure national health system, where the physicians are 
employed directly by the government and receive a salary 
for providing care to patients in that system. VA physi- 
cians do not compete among one another for patients, 
for example. 


THE “BEVERIDGE” MODEL 


The United Kingdom and a number of other industrialized 
democracies have health care systems in which the govern- 
ment is the owner of hospitals and heavily involved in doc- 
tors’ compensation. Patients do not pay for care at the point 
of service (doctors’ offices or the hospital). General taxation 
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provides the revenues to pay physicians’ and other provid- 
ers’ salaries. In Britain, hospital-affiliated specialists, like 
surgeons, are government employees, while “general practi- 
tioners” (GPs) have their own businesses. T.R. Reid names 
this model after Lord William Beveridge, the aristocratic 
reformer who was one of the prime architects of Britain’s 
National Health Service (NHS), which was conceived and 
implemented during World War II. As Reid notes, the sys- 
tem has “minimal paperwork and no billing.” The NHS 


“cares for roughly one-fifth the population of the 
United States but spends only one-fifteenth of the U.S. 
health care bill. And yet the results are good: Britain has 
lower child mortality, longer healthy life spans, and bet- 
ter recovery rates from most major diseases than does 
the United States” (21). 


Just as there are downsides to the lack of universal cover- 
age in the United States, including avoidable deaths, the 
Beveridge model has downsides. The NHS limits medica- 
tions and procedures which are covered, just as American 
private insurers do. Patients often have to wait for nonur- 
gent, elective procedures. The NHS decides on these limits 
through an open, public process, via its National Institute 
for Health and Clinical Excellence, or NICE (22). Following 
NICE guidelines also insulates British physicians from mal- 
practice suits. In the case of T.R. Reid’s shoulder, for which 
an American orthopod had recommended a total arthro- 
plasty, his GP told him that the NHS would most likely not 
pay for surgery, because he did not have a serious disability 
from the condition. 

The NHS doesn’t directly employ GPs in Britain, but 
it does provide their only source of payment. A doctor 
receives a capitation fee for each patient in her practice, 
whether the patient needs the doctor's care regularly or not. 
This incentivizes the doctor to provide preventative care, 
to reduce the number of patients with long-term sequelae 
from diabetes, hypertension, etc., for whom she must care. 
The more patients a doctor has in her practice, the higher 
her income. Reid notes that Britain has far more GPs than 
specialists, about 60%, because “the GPs in Britain gener- 
ally make more money than the specialists—on average, 
about twice as much” (23). 


THE “BISMARCK” MODEL 


Before the latter part of the 19th century, “Germany” was 
a collection of separate principalities. Otto von Bismarck 
unified these fiefdoms into one empire. He also pushed 
Germany’s parliament, the Reichstag, in 1883 to pass what 
is now termed “statutory health insurance (SHI)"(24). A 
detailed history of the evolution of the Bismarck model 
in Germany is available from The European Observatory 
on Health Systems and Policies. This institution is a col- 
laboration of the WHO and many European governments 
and other institutions and publishes “health system 
profiles (HiTs)” on most countries in Europe and some 
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additional countries outside of Europe, as well (eg., 
Australia, Israel). 

In the German system, a fixed percentage of an 
employee’s paycheck, about 15%, goes toward member- 
ship in one of many competing, but nonprofit, health 
insurance plans, termed “sickness funds” (Krankenkassen), 
which the employee chooses. Employers and employees 
divide this expense, and joining a sickness fund is man- 
datory, except for the highest earners. Unlike American 
insurers, though, the sickness funds must accept anyone 
and pay any legitimate claims by providers. Elected repre- 
sentatives of employers and employees control the sickness 
funds (25), and local hospitals and doctors’ organiza- 
tions negotiate reimbursement fees with the funds. The 
sickness funds compete against one another for patients. 
The wealthy can “opt out” and buy private coverage from 
for-profit companies, which about 7% of the population 
chooses to do (17). The government pays the employers’ 
share for unemployed and retired enrollees. 

In 1994, with a largely private for-profit health insur- 
ance system and rising numbers of uninsured, like the 
current US situation, Switzerland adopted a Bismarck 
type system of private nonprofit health insurance plans. 
The plan was approved by national referendum and took 
effect in 1996. Reid also details his experiences in other 
Bismarck-type systems, in France and Japan. 


THE NATIONAL HEALTH INSURANCE 
MODEL 


A single-payer insurance system eliminates many unneces- 
sary expenses. First of all, the insurance system does not 
have to generate profits, above and beyond providing care 
for enrollees. Because there is no reason to exclude sick 
patients, the system does not have to expend resources 
“cherry-picking” healthy individuals. Nor does the insur- 
ance system need to spend money on marketing. Physicians 
and other providers do not have to employ staff to sort 
through different payers, claims processes, denials of cover- 
age for appropriate services, and other similar administra- 
tive headaches. 

A study of the administrative costs of health care in 
the United States and Canada in fiscal 1999 found total 
administrative costs in the United States of $1,059 per 
capita, compared to $307 per capita in Canada. For prac- 
titioners (e.g., readers of this chapter), administrative costs 
were $324 per capita in the United States versus $107 in 
Canada. The authors note that “Canadian physicians send 
virtually all bills to a single insurer” (26). 

Though both Canada and Taiwan have a single-payer 
system, there is a notable “policy” difference between 
them. When Taiwan adopted a single-payer system in 
1994, one of its authors, Harvard economist William 
Hsiao, made sure that employee and employer contribu- 
tions to fund the system were termed a health insurance 
“premium,” rather than a “tax.” Canada’s single-payer 


system is funded through general taxation, although 
three provinces do charge premiums (27). Taiwan's 
program led to coverage for 11 million previously unin- 
sured, and this led to a “sudden explosion of new sup- 
pliers,” Hsiao notes in Reid’s (28) book, with intense 
competition among providers, who are independent 
businesspeople. 


WHAT WE DO—INCLUDING “OUT 
OF POCKET” FOR UNINSURED AND 
UNDERINSURED 


In the United States, we have different “systems” for dif- 
ferent classes of patients. If you are 65 or older (disabled 
or have end-stage renal disease), you are in a single- 
payer government-financed insurance system, and you 
can see your choice of any participating, competing pri- 
vate provider, through Medicare. If you are poor enough 
(criteria vary by state), you may qualify for government- 
financed Medicaid, though generally fewer private pro- 
viders accept that third-party payer for their services, 
because of low reimbursement. If you are a veteran or 
Native American, you may qualify for a Beveridge-style 
government-run system, through the VA or the Indian 
Health Service. 

If you have a job with good benefits, you may be able to 
choose from one of a number of competing Bismarck-style 
insurers—with the significant difference that the insurers 
are for-profit and hence financially interested in limiting 
their coverage of your claims. If, however, you are not poor 
enough to qualify for Medicaid, and your employer does 
not offer an affordable health insurance option, you will 
pay “out of pocket” for your health expenses. The out-of- 
pocket “model,” or “self-pay,” is of course predominant in 
poor countries without the resources to provide universal 
coverage, also. 


RECENT AND ONGOING 
DEVELOPMENTS IN THE UNITED 
STATES—THE “PATIENT PROTECTION 
AND AFFORDABLE CARE ACT” (PPACA 
OR ACA) OF 2010 AND MEDICARE 
“REFORM” 


In the spring of 2010, President Obama signed a mas- 
sive new health care bill into law, attacked by critics as 
“Obamacare,” and known more neutrally by its acro- 
nym PPACA or simply the “Affordable Care Act” (ACA). 
On the last day of its 2011-2012 term, a majority of the 
Supreme Court upheld the constitutionality of the ACA 
(29). The ruling is complex and incorporates several sep- 
arate decisions, specifically about the mandate on indi- 
viduals to purchase health insurance, and state Medicaid 
expansion. 

The ACA’s individual mandate, requiring most people 
and their dependents to have health insurance coverage, 
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begins in 2014. The ACA includes a range of acceptable 
plans (“silver level,” etc.), varying by an individual's 
income, subsidized for individuals through tax credits, and 
a tax-like penalty for noncompliance. (More details are 
available at the Kaiser Family Fund[KFF] website and docu- 
ment cited in reference 29.) The KFF analysis notes that 
“almost 9 in 10 non-elderly people would either satisfy the 
mandate automatically because they already are insured or 
be exempt from it.” 

In February 2013, Florida Republican Governor Rick 
Scott, who had sued to block ACA on the day of its sign- 
ing by the President (one of the lawsuits that led, in con- 
junction with other states’ actions, to the Supreme Court 
case), reversed his opposition to expanding Medicaid in 
his state (30). Numerous other Republican Governors have 
taken similar steps in their states. In a contrasting state- 
level development, in the spring of 2011 the Governor of 
Vermont “signed a bill... that sets Vermont on a path to 
creating the nation’s first publicly financed health care sys- 
tem.” (31) 

The Congressional Budget Office, as of February 2013, 
predicts that by 2023 ACA will result in insurance cov- 
erage for an additional 27 million currently uninsured 
Americans, who would not otherwise have had insurance 
(32). Unfortunately, it also predicts that 30 million other 
nonelderly people will continue to remain uninsured in 
2023. Legislators continue to introduce bills for a single- 
payer, Medicare-for-all system (33). 

Prominent specialist observers of our health care sys- 
tem, like Jonathan Oberlander (34), a political scientist on 
the faculty of the School of Medicine, at the University of 
North Carolina at Chapel Hill, note that “there is broad 
agreement that the United States must slow rising health 
care costs.” But he notes also that 


...the predominance of fiscal issues also distorts health 
policy by producing “reforms” that are exercises in cost 
shifting, not cost saving. For example, raising Medicare's 
eligibility age would actually increase total health care 
spending while shifting federal costs to employers, pri- 
vate health insurance, and seniors... 

The United States needs systemwide cost control, not 
budget gimmicks (34). 


Canada’s road to a single-payer health insurance system 
began with passage in one province, Saskatchewan, and 
perhaps a similar evolution will occur in the United States. 
The state legislature of our largest state, California, passed 
single-payer legislation in 2006 and again in 2008, which 
Governor Schwarzenegger subsequently vetoed (35). The 
father of Canada’s Medicare system, Tommy Douglas, was 
premier of Saskatchewan when he overcame a doctors’ 
strike in 1962 to implement the plan there. Mr. Douglas 
(who coincidentally is actor Kiefer Sutherland’s grandfa- 
ther) was chosen as “The Greatest Canadian,” in a 2004 
nationwide poll conducted by the Canadian Broadcasting 
Corporation (36). 
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OBSTACLES TO UNIVERSAL COVERAGE 
IN THE UNITED STATES 


Of course, the biggest obstacle to changing the current 
fragmented, inadequate health care system in the United 
States is the political power of the for-profit health insur- 
ance industry. Aside from the dependency of federally 
elected officials on private campaign contributions, the US 
Supreme Court has ruled in January 2010 that “No suffi- 
cient governmental interest justifies limits on the political 
speech of nonprofit or for-profit corporations” (37). The 
private insurers’ trade group, “America’s Health Insurance 
Plans” (AHIP) made up of companies “providing health 
benefits for over 200 million Americans,” is essentially 
silent with respect to the issue of the uninsured (38). 

Wendell Potter was the head of corporate communi- 
cations at the multibillion dollar health insurance giant 
CIGNA, before becoming a whistle-blower about the 
industry's dumping of sick patients to boost profits. His 
book, Deadly Spin: An Insurance Company Insider Speaks Out 
on How Corporate PR is Killing Health Care and Deceiving 
Americans (39), details the mechanics and tactics of AHIP 
in Washington. He testified before House and Senate com- 
mittees in the run-up to the passage of ACA. He notes in 
his book that he warned legislators that if 


...the so-called solutions insurers were “bringing to the 
table”... did not include a public insurance option to 
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compete with private insurers, it might as well be called 
the “Health Insurance Industry Profit Protection and 
Enhancement Act.” 


Although he somewhat reluctantly supports the law, given 
that some of the millions of uninsured patients will get 
coverage, he notes that 


...insurers will get billions of dollars in new revenues 
from people required by law to buy their products and 
billions more from the government to subsidize premi- 
ums for people who can’t afford them (40). 


His book is a detailed primer on how the insurance indus- 
try has used vast public relations (PR) efforts, like the 
focus-group tested phrase, “government takeover,” success- 
fully, in “every campaign the industry has conducted in 
recent decades to defeat reform efforts” (41). In his ongo- 
ing on-line coverage, he notes how the health insurance 
industry pursues “clear obscurity” to obfuscate the waste 
and expense of our for-profit, private system (42). 


PHYSICIAN SUPPORT FOR NATIONAL 
HEALTH INSURANCE IN THE UNITED 
STATES 


In a recent survey of over 2,000 US physicians, a major- 
ity support national health insurance (43). Only 42% 
support the federal government as the sole payer, in 
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another survey of over 1,500 physicians from 2009, 
however (44). The authors of the first survey note that 
“more than one half of the respondents from every 
medical specialty supported national health insurance 
legislation, with the exception of respondents in surgi- 
cal subspecialties, anesthesiologists, and radiologists.” 
With respect to physician satisfaction in countries that 
do have universal coverage, T.R. Reid (17) notes in his 
medical travels that “almost every doctor in almost every 
country...complains that he isn’t paid enough for his 
hard work.” 


ALL HEALTH CARE SYSTEMS 
“RATION” CARE 


All medical care exists in a framework of virtually unlim- 
ited demand from patients, constrained by a limited 
supply by providers and institutions. Any such phenom- 
enon requires “rationing,” though countries use different 
methods to distribute this limited resource. In the United 
States, we ration by economic status: If you have a good 
job with benefits, or fall into one of the patchwork gov- 
ernment systems, you have coverage. A former British 
health minister, John Reid, describes rationing in the UK’s 
Beveridge system with the phrase, “We cover everybody, 
but we don’t cover everything” (45). Canada has wait- 
ing lists for many elective surgeries, but has better overall 
health outcomes than the United States. No other coun- 
try, though, arranges its health system to provide a profit 
to investors and disproportionate salaries to insurance 
company executives, and squeezes patients to generate 
those funds, as we do. 

The prominent health care economist Uwe Reinhardt 
(46), Professor of Political Economy at Princeton, notes 
that “The price system constitutes just one of many ways 
to ration scarce resources.” He details one vignette of price 
rationing, which leads to many physicians not treating 
patients on Medicaid: 


Consider the legislators of my home state, New Jersey, 
who apparently think nothing of limiting compensa- 
tion to a pediatrician to $30 for a Medicaid office visit, 
while bestowing upon themselves insurance that pays 
that same pediatrician $90 or more for treating their 
children. 


He later notes that 


It is not clear to me on what ethical or scientific basis one 
could judge this (US) approach to rationing health care to 
be more “efficient” than rationing by queue.... 

As already suggested, few Canadians would consider 
it ethically acceptable to pay a pediatrician much less for 
treating a poor child than for treating a rich child (46). 


I urge readers, particularly residents, to become more than 
lay people, when it comes to the system by which you will 
make your living. 
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m= The United States is the only industrialized democ- 
racy without a system of universal health care. 

m The United States spends far more per capita on 
health care than other rich countries, with worse 
health outcomes—for example, higher infant mor- 
tality and shorter average life expectancy. This results 
in large part from far higher administrative costs, 
generated by private, for-profit health insurance. 

m Lack of health insurance in the United States leads 
to avoidable deaths and advanced disease at presen- 
tation. For example, laryngeal and oropharyngeal 
tumor stage is more likely to be advanced at time 
of diagnosis, in patients without health insurance. 

m= Other industrialized democracies have a variety 
of universal health care systems, including the 
“Beveridge” model of a National Health Service (e.g., 
the NHS in the United Kingdom), the “Bismarck” 
model of nonprofit cooperative insurance funds 
with physicians in private practice (e.g., Germany), 
and single-payer National Health Insurance (eg., 
Canada’s Medicare system), also with physicians in 
private practice. 

m The United States has different systems for different 
populations: National Health Insurance for seniors 
(our Medicare), a Beveridge system for veterans and 
Native Americans (the VA and Indian Health Service), 
for-profit private insurance for some employees, and 
“self-pay” (no insurance) for many other individuals. 

m The United States is the only industrialized democ- 
racy with a predominantly private, for-profit insur- 
ance industry. These companies must generate a 
return for stockholders and high salaries for execu- 
tives, leading to necessary rationing of patient care 
on the basis of expanding company profit. 

m= The ACA of 2010 will insure tens of millions of cur- 
rently uninsured Americans, but will still leave tens 
of millions of others uninsured. 

m The primary obstacle to universal coverage is the stran- 
glehold on reform exercised by the for-profit private 
insurance industry, through deceptive public relations 
strategies, multimillion-dollar lobbying campaigns, 
and privately financed elections of Congress. 
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Effective Education in 
Medical Practice 


Graduation from a residency training program and entry 
into surgical practice represents an abrupt and often per- 
manent change in learning styles. Professors are fond of 
telling the graduate, “This is just the beginning of your 
education, not the end.” The divide is dramatic. Nothing 
in didactic form approaches the learning experience of the 
real world, where there is no textbook, no lesson plan, and 
no instructor to fall back on. Indeed, many early decisions 
are based on the teacher's transplanted wisdom. Often the 
transition is abrupt; the educational process up to gradu- 
ation is based on a teacher-directed model of learning for 
which there is no direct continuity in practice. Currently, 
there are multiple, instructor-led resources for long-term 
learning including opportunities for continuing medical 
education (CME) from annual national and regional pro- 
fessional meetings, home study courses, audio digests, and 
online reviews. 

This chapter, however, is not about formal, teacher- 
directed learning activities such as lectures and CME. The 
reality is that instructor-led CME activity, while valuable, 
represents not only an artificial learning environment but 
a relatively ineffective one at that (1). Active engagement 
in self-planned learning activities tends to be more effec- 
tive than the passive learning, which commonly charac- 
terizes formal CME. The vast majority of postgraduate, 
or lifetime, learning is problem specific and occurs in 
the context of real experience: the clinic, on an Internet 
search engine at night, or over the phone with a colleague; 
those conversations that invariably begin, “I have this 
patient...” 

Lifetime learning involves finding and implement- 
ing solutions to everyday problems encountered in the 
clinic, in the emergency room, in the operating room, and 
on the wards. The process by which much of this educa- 
tion occurs is via self-directed learning (SDL). According 
to Gibbons, a paradigm shift in instruction is “teaching 
students to challenge themselves to pursue activities that 
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arise from their own experiences, employing their own 
emerging styles to find patterns of meaning and processes 
of productivity that lead them to a high level of achieve- 
ment and fulfillment. The prime imperative... is not to 
enhance teacher-directed learning, but to develop a more 
student-directed model” (2). 


Initially described by Malcolm Knowles, in its broadest 
meaning “self-directed learning” is a process 


au 


. in which individuals take the initiative... in diag- 
nosing their learning needs, formulating learning goals, 
identifying human and material resources for learning, 
choosing and implementing appropriate learning strat- 
egies, and evaluating learning outcomes” (3). 


Knowles argues that proactive learners learn more things 
better than do passive, or “reactive,” learners. They enter 
into learning purposefully with greater motivation and bet- 
ter long-term retention. Finally, because of rapid changes 
in our understanding of the world, it is no longer realistic 
to define education as the transmission of static knowledge 
but to develop instead skills of inquiry. 

Hammond and Collins (4) describe SDL as “a process in 
which learners take the initiative, with the support and col- 
laboration of others. For increasing self- and social aware- 
ness; critically analyzing and reflecting on their situations; 
diagnosing their learning needs with specific reference 
to competencies they have helped identify; formulating 
socially and personally relevant learning goals; identifying 
human and material resources for learning; choosing and 
implementing appropriate learning strategies; and reflect- 
ing on and evaluating their learning.” This humanistic 
characterization of SDL implies a sense of social awareness, 
self-actualization, and the acceptance of personal responsi- 
bility for one’s own learning. 
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5) SKILLS AND COMPETENCIES 
yo: Bal) OF THE LIFELONG LEARNER 


The lifelong learner would: 

¢ Be methodical and disciplined 

¢ Be logical and analytical 

¢ Be reflective and self-aware 

¢ Demonstrate curiosity, openness, and motivation 

° Be flexible 

¢ Be interdependent and interpersonally competent 

¢ Be persistent and responsible 

¢ Be venturesome and creative 

¢ Show confidence and have a positive self-concept 

© Be independent and self-sufficient 

¢ Have developed information-seeking and retrieval skills 

¢ Have developed knowledge about, and skill at, learning 
generally 

¢ Develop and use defensible criteria for evaluating learning 


The acquisition of SDL is a complex process, involving 
numerous skills and competencies relied upon to complete 
challenges such as medical school and residency. Unlike 
the classroom setting, where the emphasis is on mastery of 
content, SDL emphasizes personal action taken to become 
more productive. Testing is no longer an issue, but perfor- 
mance certainly is. Many authors have identified SDL as 
essential to continuing education efforts in adults (5,6). 

Not everyone is ready to accomplish SDL, however; 
this is because certain traits are essential for becoming 
a successful, productive individual. Candy (7) synthe- 
sized an essential character list from over 100 such traits 
(Table 203.1). 

Barrows called for the application of SDL in medical 
education because “the curricula of many medical schools 
put too heavy an emphasis on memorization of facts and 
little stress on problem solving or self-directed study skills 
necessary for the practice of medicine. Problem-based SDL 
is a teaching-learning method specifically designed to 
emphasize these skills and to increase the retention of facts 
and their recall in the clinical situation” (8). Generally, 
SDL is not limited to specific settings but can occur as a 
part of any process and include formal learning activities 
as well. Among Tough’s factors are three common patterns 
in independent study: a specified learning need, curios- 
ity, and a general desire to learn (9). Houle (10) described 
three groups of adult learners: goal oriented, activity ori- 
ented, and learning oriented based on their immediate 
educational needs, not necessarily on individual learning 
styles. Of these, most practicing physicians clearly fall into 
the first category, as they embark on a learning project to 
acquire new procedural skills, to become familiar with new 
medications, or updates in coding and reimbursement 
schedules, for example. Activity-oriented learners partici- 
pate for social interaction and learning-oriented for the 
sake of knowledge itself. 


Section XI: Contemporary Issues in Medical Practice 


THE CHALLENGE MODEL OF 
SELF-DIRECTED LEARNING 


Possibly the most influential essay on SDL is The Walkabout 
by Maurice Gibbons published in the 1974 edition of the 
Phi Delta Kappan. At the heart of the essay is the movie of 
two children lost in the desert wilderness of the Australian 
outback. Facing certain death, the two are found and cared 
for by a young aborigine on his walkabout, a 6-month long 
endurance test during which he must survive alone in the 
wilderness and return to his tribe an adult. Gibbons sur- 
veys the ramifications of the story from a societal stand- 
point: 

“The movie is a haunting comment on education. What 
I find most provocative is the stark contrast between the 
aborigine’s walkabout experience and the test of adoles- 
cent’s readiness for adulthood in our own society. The 
young native faces a severe but extremely appropriate trial, 
one in which he must demonstrate the knowledge and 
skills necessary to make him a contributor to the tribe 
rather than a drain on its meager resources. By contrast, the 
young North American is faced with written examinations 
that test skills very far removed from the actual experience 
he will have in real life. He solves familiar theoretical prob- 
lems; he does not apply what he knows in strange but real 
situations.... His preparation is primarily for the mastery 
of content and skills in the disciplines and has little to do 
with reaching maturity, achieving adulthood, or develop- 
ing fully as a person.” 

The walkabout model is quite applicable to the learning 
required by the practicing physician. First of all, it should 
be experiential and the experience should be “hands-on.” 
Second, it should be a challenge that extends the capacities 
of the learner. Third, it should be a challenge specific to or, 
better, designed by the learner. A productive learning expe- 
rience depends on the learner's ability to make appropriate 
choices, but in most teacher-directed situations the student 
is not called upon to make any meaningful choices. “The 
test of the walkabout, and of life, is not what (the learner) 
can do under a teacher's direction, but what the teacher has 
enabled him to decide and to do on his own” (Gibbons, 
1974). Most importantly, the trial should be an important 
learning experience in itself and should involve not only 
the demonstration of the student’s knowledge and skill but 
also his or her self-awareness, flexibility, and nature as a 
person. 


THE “CHANGE” MODEL 


Fox et al. (11) developed a model of learning and change 
based on 700 incidents in over 300 physicians. The authors 
found that the most common forces for change were pro- 
fessional: a general desire for competence or the percep- 
tion of a changing clinical environment. Once a need for 
change is identified, the physician develops an image of 
how the practice would appear following the change. 
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Information is gathered to help analyze the gap between 
existing skills and those necessary to complete the change. 
It is the process of analyzing and describing the gap that 
provides the jumping-off point for planning, development, 
implementation, and assessing learning activities. The pro- 
cess of change involves three stages: preparing to change, 
making the change, and sustaining the change (12). 


LEARNING THROUGH EXPERIENCE 


The process of learning through experience has been 
described in Kolb’s (13) experiential learning cycle. 


1. Concrete experience: In the first stage, a physician may 
encounter an unexpected situation that differs from 
expected practice, for example, a complaint of hoarse- 
ness with a normal-appearing larynx. 

2. Reflective observation: Following the encounter, the phy- 
sician reflects on the experience, performs an Internet 
search, consults with a colleague, or perhaps takes no 
further action. 

3. Abstract conceptualization: The physician combines the 
results of reflection with any new knowledge gained to 
conceive of a possible new approach, which would the- 
oretically encompass the problem, in this case a neu- 
rologic disorder such as spasmodic dysphonia or vocal 
scarring. 

4. Active experimentation: A new approach may be taken. In 
the present example, a videostroboscopy might be per- 
formed or a new diagnosis considered and tested. The 
experience with the new approach, for example, find- 
ings on videostroboscopy, immediately lead to a new 
concrete experience and the cycle begins anew. 


Kolb’s cycle provides an excellent model for conceptual- 
izing the learning process a practitioner might undergo 
as a result of clinical challenges encountered on a regular 
basis. There is an abundance of adult learning research that 
supports the role of experience and reflection in continu- 
ing education (14-18). In reality, the process is likely to 
be more dynamic, complex, and interrupted with fits and 
starts, dead ends, misinterpreted experiences, and incor- 
rect conclusions. An awareness of the process will assist the 
learner and educator in designing and promoting educa- 
tional experiences, which allow for each stage to occur and 
mature. 


PROMOTING SELF-DIRECTED LEARNING 


Although an internal motivation for learning is more pow- 
erful and enduring than external forces, near-term goals 
such as recertification and renewal of medical licenses and 
hospital privileges will be the order of the day when time is 
limited, as is always the case. Factors that may both facili- 
tate and combine these processes will ultimately be more 
productive and satisfying to the learners and to professional 
boards and licensing bodies. Specialty literature, national 
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and regional conferences, and other CME activities may 
help learners identify gaps between needed skills and cur- 
rent capabilities as well as help learners to visualize an 
image of change to see how it might look to do something 
differently. 

Computerized learning modules and portfolio projects 
may potentially bridge these knowledge gaps. Similar to 
a teacher-directed learning experience, computer mod- 
ules may serve to drive Kolb’s learning cycle by provid- 
ing prompts and asking questions that require reflection 
or application of new knowledge. Online searches offer 
access to very specific sources of knowledge not readily 
available in texts. Portfolio projects can serve to document 
the SDL process, both for refinement and potentially for 
CME credit or recertification. A portfolio is a purposeful 
collection of work that chronicles learning needs, goals, 
efforts, progress, and achievements. These can take the 
shape of a collection of loose papers or a sophisticated 
interactive computer-based module. Presented to a profes- 
sional or licensing board, they represent the comprehen- 
sive learning efforts of the individual as opposed to strict 
learning outcomes as obtained through exams. Portfolios, 
consequently, provide both instruction and assessment 
simultaneously. Unlike standardized tests, portfolios are 
as unique as their creators and can be used to discover 
the needs of individual learners and their evolution over 
time, as opposed to legislating knowledge from a central 
authority. 


Identifying Needs 


Once a strong professional identity has formed, usually 
after the first year of training, resident learning may be 
described in a manner similar to that of practicing physi- 
cians by the “change model” of Fox et al. (11). In interviews 
with over 300 practicing physicians, the authors found that 
the desire to learn and change can come from professional, 
personal, and social reasons. In their experience, the most 
common reasons for change included a desire for gen- 
eral competence or the recognition of a changing practice 
environment (such as competition, improved patient self- 
education, and access to the Internet). Physicians respond 
to areas of deficient knowledge by referring complex 
patients, discussions with colleagues, and consultation of 
the literature (14). These behaviors are typically stimu- 
lated by perceived deficiencies from caring for a particular 
patient, discussion, or reading. However, these deficiencies 
are often subjective and may not accurately reflect actual 
needs. Objective needs assessment is therefore needed 
in order to provide a more realistic image of knowledge 
gaps. Systematic assessments, such as performance audits 
and outcomes measures; patient care benchmarks; billing; 
and documentation audits are examples of measures that 
provide objective measures. Other examples include inde- 
pendently reviewed portfolio projects and written or com- 
puterized tests and problem-based scenarios. Regardless of 
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the assessment strategy used, it is important to allow the 
physician to develop a self-monitoring strategy rather than 
to merely respond to external events. 


Computerized Self-directed Learning Modules 


Adult learning theory, including Kolb’s cycle and the prin- 
ciples of SDL, depends on the developments of practical 
tools that help individuals take charge of their learning 
and apply the theory to their own practice. As the personal 
computer and the Internet have enjoyed growing wide- 
spread use among physicians as an essential resource, the 
potential for their application in CME has also expanded. 
Although the full potential of computerized SDL has not 
yet been reached, several models are available in fields 
other than otolaryngology, which serve as examples of 
potential structured programs. 

The Maintenance of Competence (MOCOMP) program 
is designed to encourage specialists to take charge of their 
own CME efforts (19). The program has three components: 
(a) a credit system to promote production of high-quality, 
practice-based, educational programs; (b) a self-directed 
CME plan designed to motivate individual specialists to 
record and critically appraise their CME activities; and (c) 
an annual, personalized CME profile. There are many ways 
that physicians obtain information, that is, reading, con- 
sultations, rounds, research, etc., but these activities are too 
numerous to record on a regular basis and rarely lead to a 
change in practice. This information screening is defined 
as “General Professional Activity” in the revised MOCOMP 
program and consists of scanning the professional environ- 
ment for new ideas. Occasionally information does capture 
the interest of the specialist who might then explore the 
area in more detail, known as “In-Depth Review.” These 
activities are focused and goal oriented and should lead to 
one of the following outcomes after completion (20): 


1. I will modify my practice. 

2. I will wait for further information before I modify my 
practice. 

3. Isee no need to modify my practice. 


The Computerized Evaluative Learning Tool (CELT) is 
based on the adult learning principles that learning should 
acknowledge prior experience, allow reflection, be partici- 
Pative, provide ownership, and be self-directed (21). The 
users enter data under four menus depending on whether 
they have a specific learning need, wish to apply new 
knowledge, or learn from an event to reduce future risk 
and/or to analyze and learn from the emotions the event 
caused. The four menus are as follows: 


1. Educational need: The user starts with a learning need 
and the program takes them through meeting the need 
and then applying the learning in practice. 

2. Educational event: The user recollects a specific learning 
point and is guided to apply it in practice. 
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3. Emotional response: This allows learning from an emo- 
tional experience to take place and enables a change in 
future behavior. 

4. Significant event analysis: This allows learning to take 
place following a significant event in the workplace and 
enables the user to make changes to minimize the risk 
of a subsequent event. 


CELT provides a learning structure to enable physicians to 
recognize and document that learning has taken place, to 
be specific about what has been learned through reflection, 
and then, if appropriate, to act on the learning and apply 
it in practice. 


Portfolio Projects as a Model for Future 
Recertification 


The computer models described above provide not only 
a framework for SDL but documentation of the process, 
which becomes an individual portfolio. Indeed, this process 
and the accompanying documentation could potentially be 
used not only for CME credits but for recertification itself as 
discussed previously. The Royal College of Physicians and 
Surgeons of Canada and several of the specialty societies, 
including the Canadian Anesthetists’ Society, have devel- 
oped the MOCOMP project as part of the recertification 
process. The philosophy of MOCOMP is to develop a com- 
prehensive CME strategy, which will motivate specialists to 
continuously update their clinical practice. 

Whether through the use of a software-based SDL com- 
puter module or simply documentation on the computer, 
the use of portfolio projects as part of the recertification 
process benefits physicians in several ways. First, it encour- 
ages and formalizes the process of SDL. It is likely that the 
documentation will encourage both an increase in quality 
of the process and product as well as the learning experi- 
ence. Second, it encourages familiarity and therefore skill 
with the process so that each time SDL is initiated with less 
reservation. Finally, and most importantly, the physician 
can be rewarded with specialty CME hours or potentially 
with partial recertification credit depending on acceptance 
from accreditation bodies. 


INTRODUCTION OF SDL IN THE 
UNDERGRADUATE CURRICULUM 


The origins of Kolb’s work may be traced back to a famous 
dictum of Confucius circa 450 BC: “Tell me, and I will for- 
get. Show me, and I may remember. Involve me, and I will 
understand.” As discussed at the beginning of the chapter, 
the transition from teacher-led to learner-directed activity 
is unnecessarily abrupt. Given the rapid changes in medi- 
cal knowledge and practice, the need to keep abreast of the 
field is the one constant. But are graduates really ready for 
SDL? Seemingly not, as residency prepares them for learn- 
ing passively from lectures and actively only from studying 
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textbooks, board preparation materials, and journals. 
These activities are directed toward mastery of a body of 
knowledge. As described previously, real-world learning is 
typically problem based, not comprehensive. So, it seems 
intuitive that incorporation of problem-based learning in 
residency is more preparatory for SDL than simply memo- 
rizing a body of knowledge. 

The goals of teaching as described by Isaacs (22) are 
(a) to arouse and keep students’ interest, (b) to give facts 
and details, (c) to make students think critically about the 
subject, and (d) to prepare students for independent stud- 
ies by demonstration of problem solving and professional 
reasoning. Isaacs notes, however, that only two of these 
purposes are well suited to didactic lectures. The problem 
then is how to organize lecture material so that individual 
student’s learning needs are better addressed. Gibbs (23) 
suggests that lecture sessions contain a variety of activities 
designed to stimulate individual students to think includ- 
ing small group discussion, working problems during lec- 
ture time, questions included in the lecture, and quizzes at 
the end of lecture, among others. Possibilities considered 
include standard interactive lecturing, facilitated discussion, 
brainstorming, small group activities, problem solving, 
competitive large group exercises, and the use of illustra- 
tive cliff hanger and incident cases. Kell and Van Deursen 
(24) identified a preference toward teacher-directed learn- 
ing in average age learners and student-directed in mature 
learners. The differences in learning preference persisted 6 
months after graduation. The results suggest that mature 
students enter the course with skills that equip them to be 
more flexible in their learning, less dependent on instruc- 
tor direction, and more self-reliant. Although further 
research is needed to identify which life skills are practiced 
by mature students and those that would promote SDL if 
encouraged in younger students, activities that promote 
involvement and active learning would be expected to pro- 
mote SDL in later life (25). 


CONCLUSION 


This chapter is intended as a primer and not a comprehen- 
sive discourse on SDL and its application in CME. It is every 
teacher's responsibility to realize the impact of their teach- 
ing on their learners so that the learners’ natural tendency 
for self-direction, displayed in their personal lives, can be 
transferred to their educational and working environments 
(26). Similarly, national specialty boards and associations, 
licensing boards, and governing bodies should recognize 
the importance of continuous SDL motivated by an inter- 
nal desire to improve rather than as merely a reaction to 
external mandates. 
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Medical Informatics and 
Databases 


John C. Sok 


Our ability to obtain medical information has increased 
exponentially with public access to the Internet (1). As 
more hospitals and health care systems transition to the 
use of electronic health records (EHRs), the potential for 
machine-searchable clinical data significantly increases. 
EHRs store various forms of data including clinical diag- 
nosis, drug prescriptions, treatment interventions, test- 
ing, and other associated medical records. We have more 
clinical data available to us now than at any other time in 
history, and the volume only continues to increase. This 
chapter describes the emerging field of medical informat- 
ics in otolaryngology and serves as an introduction to data 
mining and searchable clinical databases. 

Collections of clinical data comprise various forms of 
databases. Smaller studies are amenable to researcher- 
performed manual searches through primary data. 
However, given the increasing volume and complexity 
of the data, medical informatics will become even more 
essential when performing clinical studies. Data min- 
ing of clinical databases also has the potential to find 
associations that would not otherwise be uncovered by 
traditional manual search and analyses. Furthermore, 
genomics and other translational forms of data are add- 
ing more complexity to clinical databases. This volume 
and variety of data is likely to continue to increase and 
become more complex as we shift from analysis of static 
targets (e.g., DNA, RNA, protein sequences) to dynamic 
targets (e.g., transcription, expression, metabolism, and 
genomics). Although daunting, such data present us 
with unparalleled opportunities. The medical informat- 
ics required to perform successful analyses of large clini- 
cal databases entails the combination of biostatistics and 
computational biology, among many other disciplines. 
Here we provide a framework to understand and apply 
medical informatics to clinical and translational studies 
in otolaryngology. 
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Richard K. McHugh 


A database represents any organized collection of informa- 
tion, usually in digital form. There are several types of data- 
bases utilized in clinical medicine as reviewed by Harrison 
and Aller in 2008 (2). Larger regional and national data 
may be obtained from insurance or care provider claims 
data, single or cooperative provider repositories, or public 
health and government databases. Unfortunately, insur- 
ance databases and most government databases are not 
designed to record complete clinical records. Furthermore, 
such databases may be greatly impacted by selection, 
analysis, and interpretation biases (3). For instance, bill- 
ing codes may be used to identify a study group. However, 
such codes may have been submitted as “rule out” diagno- 
ses and may not represent the actual diagnosis. Moreover, 
the choice of codes utilized may be influenced by finan- 
cial incentives. Further, only billed interventions may be 
listed such that the study lacks a complete clinical record 
of observations due to nonbillable interventions being 
excluded. Therefore, databases comprised of insurance 
claims data or similarly compiled data may be used to 
draw broad population-based associations but are not suit- 
able for higher complexity clinical questions. 

An individual clinician or clinical service often cre- 
ates clinical databases composed of a series of patients 
with a common disease process, symptom, or treatment 
paradigm. Although this type of data is more precise and 
prone to fewer selection errors than insurance claims data, 
the population study size and size of the geographic area 
are generally small. The creation of such databases is usually 
under the auspices of a single Institutional Review Board 
(IRB) approval and designed to study a focused set of ques- 
tions. These databases are usually small enough to facilitate 
manual analyses performed by one or more researchers. 


Unfortunately, databases created in this format are not 
broadly applicable to other clinical data mining queries. 

Although there still remains some resistance by physi- 
cians to adopt EHR systems, EHRs are becoming more 
prevalent (4). In February 2009, US Congress enacted into 
law the Health Information Technology for Economic 
and Clinical Health (HITECH) Act, which implemented 
new policies to induce adoption and “meaningful use” of 
EHRs by hospitals and physicians. Therefore, the American 
Academy of Otolaryngology—Head and Neck Surgery 
Medical Informatics Committee recently published formal 
recommendations and guidelines to encourage the adop- 
tion of EHRs (5). EHRs yield a wealth of clinical data. When 
planning a study that uses EHRs, the specific types of data 
and analyses should be predetermined prior to beginning 
the study. For instance, the population under study should 
be definable such that conclusions have wide applicabil- 
ity. Other factors to consider include age, gender, interven- 
tions, follow-up, and others. These factors produce many 
types of data. All of the temporal data and some labora- 
tory results may be represented by numerical data. Binary 
coding may be used for gender, qualitative laboratory 
results, and status changes such as recurrence of a disease. 
Staging systems, ICD-9, and CPT numbers yield commonly 
accepted codes. However, a significant proportion of clini- 
cal data is textual and is in analog form derived from vari- 
ous health practitioner notes including clinic and operative 
notes, or descriptive reports from imaging studies. 

Outcome measures, narrative text, and other textual data 
are most cumbersome to evaluate. It requires a researcher 
to manually evaluate each case individually in order to 
ascertain the data and often presents additional challenges 
related to the analysis of such data. Furthermore, text- 
based data sets are generally not conducive to data min- 
ing analyses for several reasons (G). First, EHRs record a 
significant portion of data in nonsearchable textual form. 
Nonsearchable text-based data need to either be trans- 
ferred to a data warehouse as coded and searchable data, 
or a text-based search engine capable of utilizing the EHR 
directly must be in place. Second, there are a multitude of 
incompatible EHR systems. The differences in these sys- 
tems limit one’s ability to merge the data for collaborative 
efforts. Natural language processing presents a possible 
solution for recording and analyzing textual data, and it 
has been proven to have had at least limited success for 
data mining in the field of Allergy (7). 

The Veterans Administration (VA) manages a nation- 
wide system of EHRs. This is perhaps the best documen- 
tation of EHR models, and it has been noted to have 
significant advantages and disadvantages (8). The VA 
EHR system is known as the Veterans Health Information 
Systems and Technology Architecture, or VistA. The great- 
est advantage of the VA EHR database is the immense 
volume of available clinical data. However, at this time, 
its data searches are not perfect and can produce duplica- 
tive results, requiring manual review and thereby creating 
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inefficiencies. There are plans to update VistA to improve 
its data mining capabilities and to support evidence-based 
medicine studies. 

Since EHR databases are difficult to utilize due to textual 
data and inefficient search strategies that were not designed 
to facilitate clinical studies, researchers have created data 
warehouses (6). Data warehouses are comprised of EHR 
data that is coded, structured, and inclusive of all personal 
patient information deidentified for Health Insurance 
Portability and Accountability Act (HIPAA) of 1996 com- 
pliance. The software for such a warehouse is designed 
to support clinical databases studies and data mining. 
As such, data warehouses represent a powerful source for 
associative clinical studies. However, the cost to create and 
maintain a data warehouse is substantial. Usage of such 
clinical data framework for research on a population at a 
national level has been examined for the United States (9). 

Regardless of the source, data must be accurate and stan- 
dardized in order to be useful in any study. Therefore, the first 
step to answering a research question that proposes to query 
a database should be to ensure that the data is of acceptable 
quality for such analysis. Likewise, the first step in creating a 
database should be to set universal standards for how data 
are recorded to maintain or increase relevance for studies. 


BASICS OF CLINICAL DATABASE 
ANALYSES 


As clinical databases grow to provide increased statistical 
power and become representative of the overall population, 
the methods to perform clinical analysis of these databases 
grow beyond the limit of manual search strategies. Medical 
informatics seeks to create and utilize robust computa- 
tional methods in database studies. The basic principles 
of clinical trial design and statistical analyses are the foun- 
dation for medical informatics. Although the details of 
these principles are beyond the scope of this chapter, many 
reviews on this topics have been published (3,10-12). It 
should be noted that nonrandomized or noncontrolled 
data are not able to establish causality. However, popu- 
lation-based correlative studies may be extremely power- 
ful at revealing associations and limiting bias and may be 
applicable to situations in which a randomized, controlled 
trial could not otherwise be performed. 

Unfortunately, studies that are not randomized and 
controlled are more likely to be predisposed to bias. Bias 
entails random, systematic, or intentional disagreement 
between the results and the true occurrence. Bias may 
influence any part of a clinical study including popula- 
tion accrual, data collection, analysis, or interpretation. 
Formulation of any clinical study should include efforts to 
understand and limit potential biases (3). 

Data mining involves “extraction of implicit, previously 
unknown, and potentially useful information” through 
mathematical analysis (13). Therefore, through pattern 
discovery, clustering, and other methods, it may reveal 
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clinically significant associations. By definition, data mining 
is different from the standard statistical analyses used in 
clinical studies. Brown and Harrison provide encompassing 
reviews of data mining and the complex analyses possible 
(14,15). As with any database study, data mining requires 
complete, accurate, structured, and coded data to perform 
adequate calculations. Unfortunately, medical data are 
perhaps the most difficult on which to perform data min- 
ing due to multiple factors including high dimensionality, 
heterogeneity, imprecision, and temporal patterns (15). 
A number of premade tools for data mining exist. “Open- 
source” tools created in a collaborative, nonprofit, and 
expandable manner have distinct advantages over commer- 
cial data mining software packages (16). Specific usage of 
data mining tools is beyond the scope of this introduction, 
and collaboration with a statistician familiar with these 
methods is recommended. 


CLINICAL DATABASE APPLICATIONS 


Clinical databases may take many forms based on the type 
of data, structure, and other features (see Table 204.1). 
Here we describe the steps to complete three types of clini- 
cal study based on specific databases. First, we describe 
the meta-analysis study using the PubMed and other lit- 
erature databases, which is a commonly employed study 
for clinical research. Second, we describe the Surveillance 
Epidemiology and End Results (SEER) database for cancer 
population studies. Lastly, we describe the utility of the VA 
EHR VistA. A published study relating to laryngeal cancer 
is utilized for each database study example. Each example 
study may be obtained for in-depth information and assist 
extrapolation to similar types of studies and databases. 


TABLE 
COMMON DATABASES 


204.1 


Database Type of Data 


Cochrane Collaboration In-depth clinical reviews 


ENSEMBL 
NCCN 


Genomic sequences 

Cancer registries 

Medical records 

DNA sequences 

Protein sequences 

Compilation of biomedical citations 
from MEDLINE, life science 
journals, and online books 

Reports, data, and analysis of 
NIH research activities 

US cancer statistics 


Nucleotide/BLAST (NCBI) 


PubMed (NCBI) 


Research Portfolio Online 
Reporting Tools (RePORT) 
Surveillance Epidemiology 
and End Results (SEER) 
VA EMR 
Million Veteran Program 
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Although software-based search and analysis has become 
more commonplace, these studies required manual review 
by a researcher to some degree. 


PubMed and Literature Databases 
(e.g., Meta-Analyses) 


The PubMed database is a free resource that was devel- 
oped and is maintained by the National Center for 
Biotechnology Information (NCBI). It is one of the most 
commonly accessed literature databases in clinical medi- 
cine and basic science research. The PubMed database 
from the National Institute for Health (NIH) and National 
Library of Medicine (NLM) comprises almost 21 million 
citations for biomedical literature. It includes all cita- 
tions from MEDLINE, life science journals, NLM, as well 
as older citations from the print version of Index Medicus 
going back to1951. It also includes some new citations 
prior to publication and indexing in MEDLINE. For most 
clinical researchers, PubMed provides the majority of the 
data to perform meta-analyses and practice evidence-based 
medicine. Searching on PubMed is facilitated through 
several key concepts. Searches are best performed for con- 
cepts while being as specific as possible. By using several 
conceptual words, a search may be narrowed. Searching 
for English language only or review articles may further 
narrow a search. Combining searches may be useful to 
understanding the volume of literature available for top- 
ics. For instance, a search for “chemotherapy” returns over 
2 million citations. A second search for “laryngeal can- 
cer” returns just over 25,000 citations. Next, combining 
these searches (e.g., searching for both “chemotherapy” 
and “laryngeal cancer”) returns just over 2,300 citations. 


Type of Studies References 


Systematic review 

Meta-analysis 

RevMan statistical analysis software 
Sequence comparison 


www.cochrane.org 


www.ensembl.org 


Sequence comparison www.ncbi.nlm.nih.gov/ 
nuccore 

www.ncbi.nlm.nih.gov/ 
pubmed/ 


Ongoing NIH research activities www.report.nih.gov/ 


Population trends www.seer.cancer.gov/ 


www.research.va.gov/ 


Although not exact, this combination gives the impres- 
sion that approximately 10% of the literature on laryngeal 
cancer involves chemotherapeutic treatments. Or approxi- 
mately 0.1% of the literature concerning chemotherapy 
is also concerned with laryngeal cancer. Finally, by regis- 
tering and opening an individual account with NCBI, a 
researcher may save the searches for future study. There are 
also other methods used to manipulate searches, and an 
online training tutorial can be found on PubMed (http:// 
www.nlm.nih.gov/bsd/disted/pubmed.html). 

The Cochrane Collaboration is a nonprofit international 
organization established in 1993 and designed to support 
best evidence-based comprehensive reviews of treatment 
modalities (www.cochrane.org) (17). Submission of a 
review begins with registering your topic in order to pre- 
vent duplication and to judge the appropriateness of the 
topic. The process of developing a Cochrane review topic 
is undertaken by a team with expertise that covers both the 
topic and the statistics required for analysis. Such reviews 
require data mining literature, most commonly utilizing 
PubMed. Most Cochrane reviews analyze randomized 
control studies and study interventions or diagnostic tests. 
Therefore, a Cochrane Review represents both a powerful 
resource for data mining results and a database of evidence- 
based reviews. It is perhaps the pinnacle of evidence-based 
medicine studies utilizing other literature databases to per- 
form systematic reviews. 

A meta-analysis involves statistical analysis from a com- 
pilation of multiple related studies. Features extracted from 
each study must include similarities in the type of data 
and population such that the data may be grouped and 
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reanalyzed. By employing multiple studies, power may be 
increased in the analysis of a potential clinical result. The 
use of multiple studies seeks to reduce the effect of system- 
atic error in most cases. However, publication bias may 
occur due to the increased probability that research with 
statistically significant results will be published, while stud- 
ies without significant results are less likely to be published. 
Therefore, a meta-analysis involving multiple published 
studies may be more affected by publication bias. A funnel 
plot may demonstrate that publication bias is minimized. 
Performing a meta-analysis requires a stepwise approach 
(see Table 204.2) and, often, the assistance of a biostatisti- 
cian. Resources required for performing a comprehensive 
meta-analysis is detailed in literature (17,18). A meta- 
analysis begins with a research question or a clearly stated 
hypothesis. Often, both published and unpublished studies 
are incorporated into the meta-analysis. “Gray literature” 
includes studies that are not available in the standard search 
engines, such as unpublished results, abstracts, conference 
proceedings, graduate theses, and book chapters (18). In 
some instances, the incorporation of gray literature improves 
the quality of the meta-analysis as it may serve to reduce 
publication bias (19). However, gray literature is often not 
peer reviewed and tends to be smaller studies of generally 
lower statistical power. To obtain homogenous data between 
studies, definable criteria such as age, sex, tumor site, stage, 
performance status, treatment allocated, date of randomiza- 
tion, date and site of first recurrence, date of second primary 
cancer, and cause of death are collected. Survival status and 
latest follow-up data are also collected. Often, each study is 
statistically analyzed independently for internal consistency. 


204.2 STEPS IN COMPLETING A META-ANALYSIS 


Further Information 


This is the basic research question(s). 
Type(s) of studies to review? 
What years? Follow-up? 


What database(s) will be searched? 
Will gray literature be included? 


Create a grading system for literature based on inclusion criteria. 
This will identify specific literature that fits the criteria and provide a quality 


grade for each. 
If fewer than expected studies are included, consider modifying the hypothesis 
to fit available literature. 


Calculate effect sizes. 


Code moderating variables. 

Summary estimate of effect (with 95% confidence interval) 
Test of homogeneity 

Provide a descriptive analysis. 


Relate the results to the hypothesis 


Consider possible mechanism(s) 
Consider limitations (appropriateness of data to hypothesis, type and quality of 
studies, power) 


Step No. Action 
1 Formulate a hypothesis. 
Define the search parameters 
(database). 
3 Define the inclusion criteria (study). 
4 Perform the search. 
5 Analyze the included literature. 
6 Interpret the results. 
7 Future directions 


Consider future directions for further research. 
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The analyzed data then undergo interpretation and discus- 
sion. It is common to compare the result to that of other 
prominent literature in terms of proposed mechanism, 
study design, results, and study limitations. 


Population Databases and Data Warehouses 
(e.g., SEER Database) 


The SEER database collects cancer data including inci- 
dence, prevalence, and survival and represents 26% of 
the US population. The SEER database is an example of 
a clinical data warehouse based on collections of data 
from defined populations. It comprises 17 population- 
based cancer registries from the Alaskan Native Tumor 
Registry, Arizona Indians, greater California, Connecticut, 
Detroit, Atlanta, greater and rural Georgia, Hawaii, lowa, 
Kentucky, Los Angeles, Louisiana, New Jersey, New Mexico, 
San Francisco—-Oakland, San Jose-Monterey, Seattle-Puget 
Sound, and Utah. SEER also contains data on cancer mor- 
tality for the entire United States. This database is primarily 
employed for comparative cancer statistics based on age, 
geographic region, socioeconomic class, and race. Among 
the many possible comparisons, this broad data set also 
allows analyses related to health disparities. The SEER sys- 
tem includes both a database of cancer registry patients 
and software to perform statistical analyses. Population 
databases such as the SEER database provide access 
to high-quality clinical data and a relatively easy interface 
to perform studies for retrospective association. 


Institutional Database Studies (e.g., Veterans 
Administration) 


The VA employs EHRs of all veterans who undergo medical 
evaluation and treatment at their facilities. Not only does 
this wealth of clinical data provide the ability to perform 
powerful retrospective studies, the VA also enrolls veter- 
ans into prospective studies including random controlled 
trials. IRB approval is required to perform human research 
utilizing VA materials. 

The VA has completely transitioned to the use of EHRs 
ahead of national mandate. This created a very comprehen- 
sive database in terms of clinical details; however, the issue 
here is that most of the data are textual (8). Coding variables 
that include ICD-9 and CPT codes are available but have not 
been universally applied given the VA's status as a single- 
payer system. Furthermore, the software systems available 
for searching and extracting patient data from VistA are lim- 
ited with respect to data mining and clinical studies. 


BASIC SCIENCE ADJUNCTS TO 
TRANSLATIONAL MEDICINE 


The complete sequencing of the human genome in 2001 
opened the door to a new world of analyses (20,21). 
Knowledge of genomic, proteomic, and related resources 
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is often essential in transitioning clinical data into trans- 
lational data. Here we present just a few of the possible 
resources that assist in bridging basic science and clinical 
data. Most of these resources are available to the public 
and represent open-source data. 

ENSEMBL is a database comprising multiple verte- 
brate and eukaryotic genomes that is freely available 
(www.ensembl.org). Multiple search methods and types 
of analysis are possible. Searches can also be based on 
disease names or physiologic functions. Therefore, one 
may quickly search for genes involved in disease or other 
processes. 

The NCBI provides a multitude of searchable resources 
including PubMed (see Clinical Database Applications), 
OMIM, SNP, and others. A review of their functions and 
tutorials can be readily obtained by going directly to the 
NCBI home page (www.ncbi.nlm.nih.gov). 

The Research Portfolio Online Reporting Tool (RePORT) 
provides information on all funded research grants from 
the NIH including areas of research, funded organiza- 
tions, success rates, and budgets. In addition, the RePORT 
Expenditures and Results (RePORTER) supports queries of 
all current and historical funded grants. Most importantly, 
this allows for searches of funded grants by terms related 
to the research topic. Therefore, a researcher can identify 
funded studies in the REPORTER database in order to pre- 
vent redundancy in their research grant application (www. 
report.nih.gov/). 

Bioinformatics supports the analysis of a multitude of 
areas in basic science research. In genomics, gene identi- 
fication and genome assembly may be predicted. Protein 
structure predictions and protein interactions may also be 
predicted. These can lead to rational drug design and dis- 
covery. If a potential candidate protein or genetic sequence 
is isolated as a target molecule during pathogenesis, these 
resources may assist in identifying additional mechanisms 
or pathways, providing new directions in translational 
research and interceptive therapeutics. 


Translational Research Databases 


As advances in molecular biology and refinements in 
techniques such as gene therapy develop, translational 
research databases are steadily emerging. However, they 
are perhaps the most difficult kind of database to populate 
and analyze. Currently there are a small number of stan- 
dard genetic tests reported in EHRs. In the future, genetic 
screening tests, such as a disease-specific CDNA microarray 
test, may become readily available and incorporated into 
EHRs. Textual data are common in genomics, proteomics, 
PubMed literature, and EHRs (22). Multiple text associa- 
tions are possible per entity, such as abbreviations, syntax, 
semantics, and specific sequences. Effective search meth- 
ods utilizing text-based data sets require either exhaustive 
manual effort if the database is limited or search engines 
for larger databases. 


Obtaining sufficient power in databases requires larger 
populations. To effectively populate translational data- 
bases, collaboration between collection centers is neces- 
sary. Collaborative efforts may include private hospital 
systems, state and federal systems, and academic hospitals. 
Data themselves may present a problem, particularly in 
collaborative databases. If data are to be compared across 
multiple sources, then standardized coding must be pre- 
sented such that data are presented in an equivalent man- 
ner. This may require manual coding and incorporation of 
translational data into translational databases. 

Private and public databases of genetic information 
from human tissue samples are another source of transla- 
tional databases (Reviewed in 26). These either record a 
limited set of clinical data along with the genetic informa- 
tion or link to the genetic information such that associated 
clinical data may be acquired from EHR. 


Ethical Issues in Translational Research 


Translational databases create ethical challenges due 
to the inclusion of genetic and other personal data. 
Discrimination based on genetic data may occur at a vari- 
ety of levels or influence insurance coverage. In response 
to this evolving concern, Congress passed the Genetic 
Information Nondiscriminating Act (GINA) in 2008 (23). 
Title I of GINA seeks protection for alteration of health 
insurance coverage based on genetic information. Title II 
provides individuals with protection related to genetic 
information from employer and workplace discrimina- 
tion. GINA also amends genetic information to be part 
of the clinical information protected under HIPAA. Some 
researchers have fought against the stringent restrictions 
in GINA, believing that they will create a bureaucracy of 
increased costs and compliance to perform studies involv- 
ing genetic information. This has been deemed akin to the 
effect of HIPAA on human research. Finally, genetic infor- 
mation about a patient opens doors to similar information 
about related family members, against whom similar dis- 
crimination may ensue. These issues have undergone phil- 
osophical debate for many years and will create a greater 
impact as advances in genetic testing further develop. 


Translational Database Studies 


Small-scale translational databases can be readily formed 
from patient cohorts at a single institution. Such collec- 
tions may be prospective, randomized, and controlled. 
Given the generally limited numbers of patients, textual 
clinical data coding and the security overseen by an IRB 
may be managed by a few researchers. Although power- 
ful in answering a limited number of questions related to 
specific accrual criteria, small translational studies cannot 
compare to the statistical power of a large-scale database. 
The electronic MEdical Records and GEnomics (eMERGE) 
network is a consortium of five institutions collaborating 
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to merge DNA repositories and EHRs (24,25). Currently, 
genome-wide association studies to provide genotyping 
have been performed for a small number of specific pri- 
mary disease phenotypes. Each of the five sites has created a 
biobank combining genomic data and EHR-based clinical 
correlative data. Challenges in synthesis of data between 
the sites have been addressed. Unfortunately, the cohorts 
may not be comparable for some conditions. However, the 
eMERGE system provides a valuable example for the feasi- 
bility of collaborative translational research. 

As part of EHRs, comprehensive medication histories are 
recorded, which may provide important translational asso- 
ciations. Both clinical utility and technical difficulties in 
synthesizing these data into multi-institutional data ware- 
houses, also referred to as biobanks, have been reviewed 
(26). Collaborative efforts of Johnson and Johnson, the 
Cancer Institute of New Jersey, and St. Jude Children’s 
Research Hospital has created a translational database 
combining biomarker data (e.g., gene expression profiles, 
genotypes, serum protein panels, and others) with clinical 
correlations from internal clinical trials (27). Open-source 
tools were used to analyze the data. This database has been 
mined for multiple drug discovery functions including 
indication selection and trial design. The related intuitive 
graphical interface allows for quick validation of hypoth- 
eses such that the effect of small changes may be evalu- 
ated. One problem with such systems is the propensity to 
create analysis and interpretation biases by tailoring search 
parameters to find significant effects. 

Crowley et al. (28) furthered a research-based transla- 
tional database of deidentified clinical and tissue speci- 
men data by integration with the Cancer Biomedical 
Informatics Grid (caBIG). This created standardized archi- 
tectural grouping and vocabulary with graphical interfaces 
and text-based search mechanisms. Although the caBIG 
database was successfully generated, no multi-institutional 
collaborative data mining studies have yet been produced. 
This also exemplifies the multidisciplinary and costly 
nature of creating a multi-institutional translational data 
warehouse. 

Currently, translational databases represent a promising 
and novel technology that is under continuous develop- 
ment. Given that the establishment of translational data 
warehouses requires significant financial commitments, 
for smaller groups we recommend seeking opportunities 
to be included in existing and emerging institutional and 
multi-institutional studies. 


CONCLUSION 


Clinical information from patient records and medical 
research has been stored in paper-based form for centuries. 
Over time, this paper-based system has consumed increasing 
space, created inefficiencies in storage and acquisitions, and 
most notably, delayed access to medical care. In contrast, the 
ability to store clinical information digitally into a computer 
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database allows for instant and more efficient access to 
patient records and research data, and has revolutionized all 
aspects of medical care and research. To this end, the field 
of medical informatics is an emerging discipline that relates 
computer applications and algorithms in the delivery of 
medical care to ultimately improve human health. 


m= In 2009, US Congress enacted into law the HITECH 
Act, which implemented new policies to induce 
adoption and “meaningful use” of EHRs by hospitals 
and physicians. Therefore, the American Academy of 
Otolaryngology—Head and Neck Surgery Medical 
Informatics Committee recently published formal 
recommendations and guidelines to encourage the 
adoption of EHRs. 

= Most EHR databases currently available are stored 
as narrative text and other textual data, presenting 
research challenges for data mining and other clini- 
cal research. 

m There are many clinical databases available for the 
researcher; examples include PubMed, SEER data- 
base for cancer population studies, VA EHR, or VistA. 

m The complete sequencing of the human genome 
in 2001 is uncovering the molecular basis of 
human pathologies. Basic Science database includes 
ENSEMBL, which is a database comprising multiple 
vertebrate and eukaryotic genomes and the NCBI. 

= Translational Research databases are emerging; 
however, they are the most difficult kind of database 
to populate and analyze due to limits in technology 
and small population size. 
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Telemedicine for 


Otolaryngology 


John Kokesh Chris Patricoshi 


Telemedicine utilizes technology to enhance communi- 
cation and provide services over a distance. In this way, 
“telemedicine” represents an evolution in health care that 
has adopted the technologies and communication infra- 
structure now available in society. The telephone and fax 
machine were the earliest telecommunication tools used 
in clinical practice, and are now so ubiquitous that we can 
hardly imagine medicine without them. 

With the rapid advances in technology and telecom- 
munications, and perhaps more importantly, widespread 
societal acceptance of technology, a new generation 
will redefine how medicine is practiced in the future. 
“Telemedicine” will likely become an antiquated term 
requiring redefinition, no longer describing a niche area 
in certain medical specialties but rather a methodology by 
which modern information transfer is used to improve the 
practice of medicine. 

This chapter examines the current telemedicine technol- 
ogies and present applications of telemedicine in otolaryn- 
gology. While telemedicine has grown significantly in the 
last 10 years, there is a need for further adoption through- 
out the United States. The realization that improvements 
are needed in access for care, costs of care delivery, and 
availability of medical specialists will likely help remove 
some of the barriers that have thus far thwarted widespread 
innovation and adoption of telemedicine in otolaryngol- 
ogy. The nature of the specialty, with well-developed and 
extensive use of endoscopy, microscopy, photographic 
imaging, and physiologic data, makes otolaryngology a 
potential beneficiary of an expanded role for telemedicine 
in the future practice of medicine. 


The American Telemedicine Association (ATA) defines tele- 
medicine as “the use of medical information exchanged 
from one site to another via electronic communications 
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to improve patients’ health status” (1). Telemedicine has 
been traditionally divided into three areas: Interactive 
Video Teleconferencing (VIC), Asynchronous Store-and- 
Forward (S&F), and Remote Patient Monitoring (RPM). 
While the distinction between these categories has begun 
to blur with advances in device technology and means of 
information transfer, it is worthwhile to review each as well 
their current usage in medicine. 

The term “VIC” telemedicine applies to a medi- 
cal encounter performed over a live teleconference link 
with video and audio and, in some instances, a live dis- 
play of data from remote medical devices. As commonly 
practiced, a “presenting provider” is physically present with 
the patient to assist with the interview, conduct aspects of 
the examination, and operate devices to obtain parts of the 
examination to be transmitted. The presenting provider, for 
example, may operate an endoscope to provide live video 
of the examined body system. The “consulting provider” is 
located at a distance and receives the live video feed. There 
is synchronous communication between the providers 
and the patient; questions can be asked and immediately 
answered. The consulting provider may direct certain parts 
of the examination. The encounter may be recorded for 
future reference. Some of the advantages of VIC are that it 
is interactive, patient movement and affect can be assessed, 
and a “human” connection between the involved parties 
can be established. The consulting provider has the ability 
to conduct an interview similar to an in-person exam and 
can help direct the encounter. The disadvantages of VIC 
are that all involved parties must be available simultane- 
ously for the encounter, technical and network support is 
needed to ensure full function at the time of the scheduled 
encounter, and sufficient bandwidth is required for ade- 
quate video quality. VIC has generally been most success- 
ful when used as part of an integrated health system where 
coordinated scheduling, technical support, training, and 
funding are provided (2). Examples of medical specialties 
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where VIC has been successfully used include psychiatry 
and mental health services, cardiology, and intensive care 
unit consultation (Tele-ICU) (3,4). VIC has also been 
used in the recent development of “telestroke” networks, 
where a remotely located neurologist assesses patients with 
evolving strokes and decides whether thrombolytic therapy 
should be administered (5). 

“S&F” telemedicine involves the capture, storage, and 
transmission of data between providers for the purpose of 
obtaining medical advice and opinion. As commonly prac- 
ticed, the “creator” is physically present when interviewing 
the patient, conducting an examination, capturing data, 
and documenting the encounter in a telemedicine case. 
The “consultant” at a remote location would then review 
the transmitted data after it was sent in its entirety. S&F is 
asynchronous; the providers need not be available at the 
same time, and the created “case” may be viewed minutes, 
hours, or days after it was created and transmitted. Typical 
data that are captured and utilized in S&F include clini- 
cal histories, vital signs, digital photos, radiology images, 
endoscopic images, scanned documents, audiograms, tym- 
Ppanograms, and heart and lung sounds. The advantages of 
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S&F are that it does not require simultaneous availability 
of providers, thereby avoiding scheduling and logistic 
problems. It can be extremely time efficient for the con- 
sultant as complete data collection and organization of 
information have occurred during creation of the case, 
often along predetermined guidelines (Fig. 205.1). S&F 
can be used with low or interrupted bandwidth, enabling 
its use in very remote or infrastructure-deprived locations. 
Finally, once set up with the appropriate software, security, 
and operational standards, S&F “works like e-mail” requir- 
ing much less ongoing maintenance and support than 
VIC. Disadvantages of S&F are that real-time interaction 
between providers is not possible; the consulting provider 
cannot direct the exam (though they can asynchronously 
request additional information), and sustained move- 
ment, voice, and affect of the patient cannot be assessed 
(though short video files are now easily transferrable). SQF 
has long been successfully used in those specialties where 
the assessment or “read” of the consultant regarding static 
clinical data is the valued service. Well-established exam- 
ples are teleradiology (6), teledermatology (7), and telepa- 
thology (8). 
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Figure 205.1 Alaska Federal Health Care Access Network (AFHCAN) tConsult software. Clinical 
information and data have been organized for review by the consultant. 


RMP technology enables the monitoring of patient 
health data originated from the patient’s home, nursing 
facility, place of employment, school, and other locations. 
It is most often employed in the patient’s home and, as 
such, is often called “home telehealth.” RPM almost always 
involves capture of data similar to S&F and sometimes 
includes video. To date, RPM has proven useful for the 
management of chronic disease states such as diabetes, 
congestive heart failure, and chronic pulmonary disease 
(9,10). Used appropriately, RPM facilitates access to care, 
patient and family involvement and education, and early 
identification and intervention for acute illness or health 
status decompensations. RPM holds tremendous promise 
for cost savings through improved chronic disease manage- 
ment, especially for integrated health systems (11). From a 
commercial standpoint, RPM represents a large potential 
market, and device manufacturers are rapidly adding new 
products to the field. For these reasons, this is the most 
rapidly growing field in telemedicine, and clinicians will 
likely have increasing opportunities to use home monitor- 
ing in the future. 

A final category of telemedicine deserving mention 
relates to the use of telemedicine technologies in the per- 
formance of surgical procedures. In telementoring and 
teleproctoring, a distantly located “expert” surgeon moni- 
tors and assists a surgeon at a distant location performing 
a surgery. A typical current application would involve using 
a live VIC link used to mentor an endoscopic procedure 
(12). Telesurgery, the performance of a surgical procedure 
by a remotely located surgeon using robotic devices, is cur- 
rently the subject of feasibility studies and demonstration 
projects (13). 


SECURITY AND HIPAA 


Telemedicine is no different from other forms of clini- 
cal care in regard to the applicability of regulations gov- 
erning privacy and security. The use and disclosure of an 
individuals’ health information (protected health infor- 
mation [PHI]) by providers and organizations are subject 
to national standards and regulations—regardless of the 
care delivery model. Most notable among these are the 
so-called HIPAA Privacy and Security Rules and the more 
recent HITECH Act: 


m The Standards for Privacy of Individually Identifiable 
Health Information (Privacy Rule) was issued by the US 
Department of Health and Human Services in 2000 to 
implement the requirements of the Health Insurance 
Portability and Accountability Act of 1996 (HIPAA). The 
Privacy Rule standards address the use and disclosure of 
individuals’ health information called “protected health 
information” by organizations subject to the Privacy 
Rule (covered entities) as well as standards for individu- 
als’ privacy rights to understand and control how their 
health information is used. 
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m HIPAA also mandated the creation of national standards 
for the security of electronic health care information, 
which were then released in the final “HIPAA Security 
Rule” in 2003. This final rule specified a range of admin- 
istrative, technical, and physical security procedures for 
covered entities to use to for electronic protected health 
information (ePHI); the standards were delineated into 
either required or addressable (optional) implementa- 
tion specifications. 

m More recently, the Health Information Technology 
for Economic and Clinical Health Act (HITECH Act) 
was passed as part of the American Recovery and 
Reinvestment Act of 2009 (ARRA). Because HITECH 
contains incentives designed to accelerate the adoption 
of electronic health record (EHR) systems and poten- 
tially generate a massive growth in the exchange of ePHI, 
the HITECH Act further broadened the scope of privacy 
and security protections established under HIPAA. 


A good “rule of thumb” is to recognize that a telehealth 
system should be treated no different than an EHR system 
in regard to privacy and security. Telehealth systems are 
designed to capture, transmit, store, and display ePHI— 
as are EHR systems. Many telehealth systems interface to 
EHRs and share information in a back-and-forth manner 
to provide a more complete view of the patient record. 
Telehealth systems sometimes contain information that is 
potentially “more identifiable” of the patient as they may 
contain images of the patients face or other body parts. 

It is not possible to provide a thorough review of the 
HIPAA and HITECH regulations as they apply to telehealth 
systems, but the following features are recommended in 
any telehealth system to maximize the ability to comply 
with HIPPA and HITECH. While the general concepts 
apply to VIC, S&F and RPM, the remainder of this section 
uses S&F telehealth as an example for how these standards 
and regulations may apply. 


mw All data should be encrypted “at rest” and during “trans- 
port.” Data flow (i.e., “transport”) in a telehealth system 
from a computer (or system) in the patient exam room 
to other systems where remote providers (or specialists) 
can view the data. Data may stay on a server (at rest) 
or a desktop PC for hours or days until a provider can 
view that data. Data that are encrypted are not “read- 
able” or “viewable” without the right key to “decrypt” 
the data. This prevents unauthorized users from access- 
ing the data and provides a significant level of privacy 
and security protection. While some organizations elect 
to not encrypt data flowing within their private network, 
telehealth services are becoming much more common 
between organizations with data flowing outside of 
organizational networks and potentially across Internet 
links, further accentuating the need to encrypt the data. 

m Access to data through a browser—such as Internet 
Explorer or Safari—should rely on an encrypted connec- 
tion (e.g., “https” instead of “http”). When this access 
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occurs across the Internet or outside of an organization’s 
trusted network, the Web site should provide “https” 
connectivity using a security certificate from a trusted 
organization—thereby allowing users to have greater 
trust in the web server's authenticity. 

m Systems that require data to move between organiza- 
tions or across nonsecure networks should include a 
mechanism to make sure the data do not change (data 
validation) and a mechanism to verify the site or pro- 
vider that originated the data (nonrepudiation). This is 
usually accomplished through electronic signatures and 
“hash” algorithms. 

m The telehealth system should integrate with the user 
authentication mechanism used by the organization, so 
the user account can be managed through a central mech- 
anism and password policies can be enforced (eg., regu- 
lar changes, minimum password length, and complexity). 

m All major user activities should be tracked within the 
telehealth system through an audit mechanism. As 
a minimum, all successful and unsuccessful log-in 
attempts should be logged as well as any changes that 
impact patient data. 

m Users should have sufficient access for their needs, but 
no more. Role-based security is an excellent mechanism 
whereby users are assigned to various roles (e.g., con- 
sultant, trainer, clinical administrator) that define their 
access to telehealth data and functionality. Time-outs 
should be employed to limit access to data should a pro- 
vider leave a workstation prior to logging out. 

m Recognizing that not all telehealth cases are necessarily 
equal, the telehealth system should provide a mecha- 
nism to indicate when a case is “sensitive” or requires 
tighter security than other cases. Such cases might 
include abuse cases, mental health cases, or HIV/AIDS 
cases. 

m Similar to EHR systems, telehealth equipment (worksta- 
tions, servers, medical devices) can all contain ePHI and 
as such need to be physically secured to prevent loss of 
data due to theft or unauthorized access. 

m The telehealth system needs to be managed and pro- 
tected similar to an EHR system. This would include, 
for example, accepting updates only when tested and 
provided by a reputable source, backing up data and 
providing for disaster recovery efforts, active defenses 
against viruses and other malware, and protecting 
equipment against loss of power or intermittent power 
surges. 


It is not uncommon to find providers that rely on 
e-mail as a simple telehealth solution—allowing for the 
exchange of images and basic textual information about 
a patient. This should raise significant concern based on 
the proceeding information, as an e-mail system is often 
not considered a secure system by most organizations and 
will limit or impede and organization’s ability to achieve 
HIPAA compliance. 
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USES OF TELEMEDICINE IN 
OTOLARYNGOLOGY 


Telemedicine has been used in the field of otolaryngology 
since the early 1990s. Use has occurred primarily in those 
situations where there was a remote, isolated population 
to serve; a shortage or lack of availability of otolaryngolo- 
gist; or, more recently, backlogs of patients needing oto- 
laryngology care inadequately addressed by the existing 
delivery system. Applications have been partially driven 
by available technologies and their cost, and the spectrum 
of clinical services that can be delivered at a distance has 
increased with advances in technology and communica- 
tion infrastructure. Finally, most of the usage and research 
in the use of telemedicine in otolaryngology has occurred 
in those settings where the financial and regulatory barriers 
that have limited the widespread use of telemedicine in the 
United States are less formidable and where telemedicine 
programs have been designed to meet a specific clinical or 
population need. Examples include programs run through 
the United States Department of Defense and the United 
States Public Health Service as well as programs in coun- 
tries with national health plans. 


Otology and Neurotology 


The ability to obtain and transmit diagnostic quality images 
of the tympanic membrane and middle ear has been well 
established. Pedersen, in pioneering work done in Norway, 
showed that a video otoscope coupled to a VIC network 
could be used to allow a remotely located otolaryngologist 
to direct patient examinations and establish diagnoses and 
treatment plans. This resulted in improved access for oto- 
laryngology care as well as reduced cost for care delivery 
to isolated populations (14). Additional work using this 
methodology has verified that high-quality images can be 
routinely obtained with the video endoscope, even in pedi- 
atric populations (15). Still images of tympanic membrane 
obtained by a video otoscope and accompanied by audio- 
logic and tympanometric data and transmitted using S&F 
technology were used to deliver otology consultations to 
patients in remote areas of Western Australia (16). Exam 
findings and diagnoses based on S&F examination using 
digital images from a video otoscope for children with pre- 
viously placed tympanostomy tubes were found to correlate 
highly with those established by in-person encounters with 
otolaryngologists using binocular operating microscopes 
(17). S&F telemedicine using tympanic membrane images, 
clinical histories, and audiologic data has been shown to 
allow for accurate planning for chronic ear surgery (18). 
This work has demonstrated that telemedicine, whether 
VIC or S&E is a useful tool for delivering otology care. As 
diagnosis depends to a great degree on the physical char- 
acteristics of the tympanic membrane, image quality is 
critically important. Images must be in focus, adequately 
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Figure 205.2 Typical otology case in AFHCAN tConsult software. Case includes images, audio- 


gram, tympanogram, and clinical history. 


illuminated, and free of obstruction. A high-performing 
video otoscope proves to be a worthwhile investment, and 
training must be provided to those acquiring the images to 
ensure consistent high quality. While most video otoscopes 
do allow for insufflation, and tympanic membrane mobil- 
ity can be assessed if VIC is used, the addition of tympa- 
nometric data has generally found to be a useful adjunct to 
images. When “packaged” with digitized clinical histories 
and audiograms, an otology “case” can be created that can 
be reviewed by the otolaryngologist and in most cases lead 
to an accurate diagnosis and treatment plan (Fig. 205.2). 
When used over an S&F platform and coupled with clini- 
cal guidelines and standards for the information required 
by the consultant, telemedicine can become an extraordi- 
narily efficient way to diagnosis, triage, and offer treatment 
advice for otologic disease. 

Recent experiences have demonstrated the utility of tele- 
medicine in delivering otologic and neurotologic care. SQF 
telemedicine has been used in rural Alaska to deliver otol- 
ogy care with dramatic effects on access and reduced wait- 
ing times. Alaska Natives have a high burden of middle ear 
disease, and many are remotely located with difficult access 


to specialty care (19). To address these issues, a statewide 
telemedicine system, the Alaska Federal Health Care Access 
Network (AFHCAN), was created (20). To manage otologic 
disease, primary care physicians and midlevel providers 
have been trained in the use of otoscopes, tympanometers, 
and screening audiometers and use S&F telemedicine to 
obtain consultation from otolaryngologists at an urban 
referral center (21). Populations receiving this care model 
realized markedly reduced waiting times for care and over- 
all improved access to the opinion of an otolaryngologist 
(Fig. 205.3) (22). Audiologists trained in video otoscope 
image acquisition and the use of S&F telemedicine have 
partnered with consulting otolaryngologists to deliver care 
to extremely remote populations in Alaska, making use of 
mobile devices and equipment (Fig. 205.4). Effective tri- 
age, cost savings from avoided travel, and identification 
of undiagnosed, serious disease states were demonstrated 
(23). In post hurricane Katrina in southeast Louisiana, 
clinical protocols were combined with a blend of S&F and 
VTC telemedicine to allow a distantly located consulting 
neurootologist to assist local providers in providing neu- 
rotologic care. With appropriate planning, this model was 
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Figure 205.3 Average wait times for otolaryngology appoint- 
ments. Nome, Alaska, 1991 to 2007. Wait times for in-person clinic 
appointments steadily decrease as telemedicine usage increases. 


found to be very effective for service delivery in this area of 
need (24). 

An effective and gratifying use of S&F telemedicine in 
rural Alaska has been for the identification and treatment 
of sensorineural hearing loss. Working closely with audi- 
ologists, protocols have been developed to allow for an 
audiologist to obtain medical clearance for hearing aid 
fitting without requiring an in-person encounter with the 
otolaryngologist. This has resulted in savings of travel costs 
and inconvenience for the patient and has meant for many 
patients access to a hearing aid that they would not have 
otherwise had. This model has also greatly strengthened 


Figure 205.4 Mobile audiology 
and telemedicine equipment trans- 
ported to a highly remote Arctic 
area. Specialty care is provided by 
a midlevel provider telecommuting 
store-and-forward cases to special- 
ist in an urban center. 
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the working relationship between audiologist and oto- 
laryngologist. In the future, S&F telemedicine may assist 
otolaryngologists and audiologists in maintaining a collab- 
orative approach to the management of patients with hear- 
ing impairment, an area of some recent controversy (25). 

In summary, telemedicine is an effective tool that can 
be used to assist the otolaryngologist in delivering care for 
otologic disease. Pathologies can be diagnosed, advice can 
be given to primary care providers, and patients can be tri- 
aged to their most appropriate level for care—all by the 
specialist with the most expertise in the disease process. 
However, as with all telemedicine, there must be a means 
to deliver traditional, in-person medical or surgical care for 
those identified to need such. 


Pediatric Otolaryngology 


Isolated pediatric populations with limited access to the 
care of an otolaryngologist have been the subject of stud- 
ies evaluating telemedicine as a care delivery model. VTC 
was used to evaluate children with problems such as sleep 
disorder breathing, otitis media, and sinusitis. Otoscopes 
were used for ear imaging, and a modified, diffuse light 
source coupled to an otoscope was used to image the oral 
cavity and pharynx. Diagnoses and treatment plans given 
by remotely located otolaryngologist were found to corre- 
late highly with those made during a traditional in-person 
encounter with an otolaryngologist (26). This same meth- 
odology was used to do a cost minimization analysis for a 
telepediatric otolaryngology screening program in Western 
Australia. By avoiding travel costs for patients and their 
families, telemedicine-based services were found to be less 


expensive than those delivered through a traditional out- 
patient clinic, once adequate telemedicine volume was 
achieved (27). A similar screening service directed at ear dis- 
ease using a medical van with wireless connectivity served 
children in remote Australia, with high satisfaction levels 
for those patients served (28). Telemedicine appears to offer 
one solution for delivering basic otolaryngology diagnostic 
services to otherwise underserved pediatric populations. 


Head and Neck Oncology 


An interesting use of VIC has been for extending the avail- 
ability of multidisciplinary teams (MDTs) for the diagnosis 
and management of patients with head and neck cancer. 
MDTs are used to establish diagnosis, staging, and treat- 
ment plans. In addition, they ideally involve specialties 
such as nutrition and speech pathology to develop com- 
prehensive plans tailored to the patients needs. It can be a 
challenge to bring together all the participants for MDTs, 
and there are costs associated with travel and time away 
from work. Also, MDTs function best when all the neces- 
sary information has been prepared and distributed prior 
to the meeting. VIC has been used to address these issues 
allowing providers and, at times, patients to participate 
remotely and share information. Provider satisfaction and 
cost savings have been demonstrated (29,30). 

As MDTs function best when they manage a large num- 
ber of cases per year, they tend to be offered primarily in 
major centers. VCs have allowed for both patients and 
their local providers from remote areas to fully participate 
and benefit from fully resourced, more centrally located 
MDTs (31). In this way, telemedicine again allows for wide- 
spread access to concentrated medical expertise. 

Home monitoring may become a more important 
adjunct in the care of head and neck cancer patients as 
devices and services become more widely available. Pain 
control, nutrition, and respiratory status can all be moni- 
tored remotely, allowing for earlier management at home 
in the perioperative period. Patients with chronic needs 
could benefit from regular virtual nursing “visits” address- 
ing concerns and identifying and intervening on problems 
early. Patient education and family involvement can also 
be promoted using videoconferencing made available 
through home devices. 

Excellent images of the nasopharynx, nasal cavity, oral 
cavity, pharynx, and larynx can be obtained and transmit- 
ted using standard rigid endoscopes and cameras. Formal 
studies examining the diagnostic accuracy of transmitted 
images for head and neck tumors have not been done. 


Laryngology and Speech Disorders 


With advances in endoscopes and imaging technology, 
it has become a relatively routine matter to visualize and 
image the larynx. Most family practitioners and emergency 
room physicians are trained in the use of flexible scopes, 
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though recognition of pathology is often a difficult task for 
the occasional examiner of the larynx. A means by which 
to easily obtain the opinion of an otolaryngologist would 
be useful. There has been some work showing that asyn- 
chronous examination of either still laryngeal images or 
short video clips correlates well with in-person examina- 
tion (32,33). Flexible laryngoscope images transmitted 
by VIC to a consulting otolaryngologist have been used 
to establish diagnosis and treatment plans for US military 
personnel (34). It is now possible to capture and trans- 
mit short video clips of a dynamic laryngeal exam using 
an S&F platform, which creates interesting possibilities for 
asynchronous expert consultation. Technologic advances, 
such as high-resolution distal chip camera endoscopes that 
allow for improved digital images of the larynx, may lead 
to more interest in developing telemedicine applications 
for laryngology. 

For speech disorders, telemedicine applications are 
being investigated for both diagnosis and treatment. Early 
work indicates that it may be feasible to identify some 
voice disorders by analyzing remotely transmitted voice, 
using either standard telephone networks or voice over 
the Internet (35,36). Automated systems could be set up 
to facilitate screening for new diagnoses or monitoring 
of existing voice disorders. VIC has been used to deliver 
speech pathology services to remote patient populations. 
In small studies, efficacy has been shown to be comparable 
to standard in-person speech therapy, and patient accep- 
tance has been good (37). Given that speech pathology 
can be very difficult to make available to isolated or under- 
served populations, telemedicine holds great promise to 
address this problem (38). 


Facial Plastics and Trauma 


Images have long been used in facial plastics for the pur- 
poses of documentation, planning, and follow-up, though 
a role for remote diagnosis and consultation is still being 
developed. Telemedicine has established utility in the field 
of dermatology, and high-quality images transmitted to a 
consultant dermatologist have been shown to have com- 
parable diagnostic accuracy to an in-person evaluation 
for conditions such as skin malignancy (39). In remote 
Alaska, transmittal of store-and-forward images to consul- 
tants at a regional trauma center has been used to remotely 
give advice on wound closure for traumatic soft tissue 
facial injuries. For more severe injuries and for patients 
with facial fractures, a combination of photographic and 
radiologic images “packaged” with clinical histories is 
used to make triage decisions and to assist in preoperative 
planning (40). With the widespread availability of “smart- 
phones,” patients can take and send their own images 
for review. Interesting early work is being done with this 
model, and patient-generated telemedicine may play an 
increasing role in the future, especially in the area of facial 
plastics (41). 
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Telemedicine in the Operating Room 


Telemedicine can be used to bring remotely located exper- 
tise into the operating room, allowing a more experienced 
or specialized surgeon to advise and mentor another sur- 
geon both before and during an operation. Telementoring 
may involve the use of image review and even computer 
simulation prior to an operation to plan a procedure and 
receive input from a remotely located surgeon (42). During 
an operation, VIC can be employed so that the remotely 
located surgeon may counsel the surgeon performing the 
operation. This method of remote consultation has suc- 
cessful applications for endoscopic sinus surgery where the 
video from the endoscope is fed simultaneously to both 
surgeons (43) and a VIC connection has been used to sup- 
ply intraoperative consultations for other complicated pro- 
cedures to surgeons in remote Pacific islands (44). Remote 
monitoring and intraoperative testing for cochlear implan- 
tation surgery have been shown to be cost-effective and 
to maximize the availability of audiologists skilled in this 
area (45). The advent of robotic surgery presents the pos- 
sibility that telesurgery, where a remotely located surgeon 
controls the robotic device, may someday become clini- 
cally applicable. 


BARRIERS TO ADOPTION 


Cost of technology, immature telecommunications infra- 
structure, and lack of evidence of clinical utility were often 
reasons that initial interest in telemedicine did not progress 
to actual clinical use. In the past, the barriers to entry were 
simply too high for most physicians, practices, and health 
care systems. For example, the costs of a dedicated VIC sys- 
tem were close to being prohibitive. Many of these previ- 
ous problems have been resolved. The situation is different 
today with other challenges that need to be addressed. 

One key barrier to adoption of telemedicine is the 
learning curve and hesitation associated with a new tech- 
nology and confidence that the technology is a solution to 
the user’s problem (46-48). The adoption of technology 
by the typical American consumer is making this less of an 
issue, as comfort using software, smartphones, and tablet 
PCs has disseminated into the workplace. 

There are additional economic, organizational, and 
behavioral knowledge barriers that inhibit the diffusion 
of telemedicine (49). Further barriers to setting up a tele- 
medicine program are related to organizational communi- 
cation and structure (50). 

The most perplexing issues facing telemedicine are 
more sociopolitical. They have been identified during the 
early growth of telemedicine and include (a) interstate 
licensing and institutional credentialing of physicians, (b) 
legal liability and litigation, (c) individual client or patient 
autonomy and right to privacy, (d) reimbursement, (e) 
knowledge about telemedicine, and (f) system design and 
infrastructure (51). 
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Licensure and Credentialing 


A telemedicine encounter by its nature may create a licen- 
sure and credentialing quandary; the patient may reside 
in a different state where the consulting physician may 
not hold a license and may be receiving care at a facility 
at which the consulting provider may not be credentialed. 
In general, the consulting provider must have a license to 
practice medicine in the state from which the patient is 
presented. The state-based licensure model makes it more 
difficult to easily expand telemedicine across state lines. 
Some states have addressed this issue with consultation 
exceptions, reciprocity agreements, or special telemedi- 
cine licenses. There is some interest in a joint state-federal 
approach to designate a national telemedicine license (52). 
More likely, the state model will be retained, but efficien- 
cies in multi-licensure will grow with entities such as the 
federal credentialing verification service. The federal health 
care system requires physicians to have only one state med- 
ical license. The Veteran’s Administration, Department of 
Defense, and Indian Health Service have been able to take 
advantage of this to grow cross-state telemedicine. 

The consulting provider also needs to be credentialed at 
the originating facility. Again, advocacy groups are propos- 
ing less onerous “credentialing by proxy” rules that would 
allow facilities to enter agreements whereby for the pur- 
poses of providing telemedicine, the consulting provider 
need only apply and obtain full credentials at one facil- 
ity. At the time of this writing, clarification on credential- 
ing for telemedicine is forthcoming from CMS (Center for 
Medicaid and Medicare Services. ) 


Professional Liability 


Providers interested in offering care through telemedicine 
would be best advised to discuss their coverage with their 
carrier. The authors are unaware of instances where cover- 
age was denied specifically for medical care within the pro- 
vider’s scope of practice delivered through telemedicine. 

The experience delivering neurotology care by means 
of telemedicine to patients in post-Katrina New Orleans 
gives an excellent recounting of how the barriers described 
above were addressed to allow for this program to carry 
forward, giving a sense of what difficulties the current envi- 
ronment presents (24). 


Reimbursement 


Past Medicare rules allowed reimbursement only for VIC 
in rural areas. A professional fee was paid to the consulting 
provider, and a small facility fee was paid to the origination 
site. Reimbursement for VIC was extremely low considering 
the technology and network costs and the time commitment 
required of the providers for a typical VIC session. This made 
VIC impractical in the fee for service environment. This situ- 
ation essentially persists today, and a strong economic case 


for VIC can be made only in a systems context where savings 
such as avoided patient travel costs offset the costs of VIC 
and provider time commitment. Adoption of VIC for the 
provision of otolaryngology services outside of systems such 
as the US military will require a different economic model. 
The cost of VIC has dropped significantly with the advent 
of excellent, low-cost web cameras and the ability to do VIC 
over the Internet rather than on more expensive dedicated 
point to point networks. This coupled with changes in the 
reimbursement model could lead to a wider array of eco- 
nomically feasible clinical applications. 

The reimbursement environment for S&F telemedicine 
is variable by state and payer and therefore complex and 
confusing. At least 21 states currently offer Medicaid reim- 
bursement for telemedicine services, some of which include 
S&F: Alaska, Arkansas, California, Georgia, Hawaii, Illinois, 
Iowa, Kansas, Kentucky, Louisiana, Minnesota, Montana, 
Nebraska, North Carolina, North Dakota, Oklahoma, 
South Dakota, Texas, Utah, Virginia, and West Virginia, and 
each state has its own guidelines for dealing with reimburse- 
ment (53,54). 

Reimbursement for two forms of S&F telemedicine— 
teleradiology and telepathology—has long been allowed, 
and successful business plans for both exist. In Alaska, 
Medicaid began to offer reimbursement for telehealth for 
both “store-and-forward” and live videoconferencing in 
2002. Alaska Medicaid established a practice of reimburs- 
ing S&F encounters using the evaluation and management 
coding system, stipulating that a GQ modifier be used to 
designate S&F telemedicine. Private insurers eventually 
adopted this practice, and now most in Alaska reimburse 
for S&F telemedicine at rates equivalent to a face-to-face 
encounter coded at a similar level. 

In both Arizona and New Mexico, a flat fee structure has 
been designed for this purpose. The ATA has been active 
in lobbying for a comprehensive national policy for S&F 
telemedicine reimbursement. Until that is achieved, pro- 
viders should check with payers in their state for their cur- 
rent policy. Until there is more clarity and predictability 
about reimbursement for S&F otolaryngology, it will be 
difficult to develop the business case for it in the fee for 
service environment. 


Program Building and the Problem of Scale 


The benefits of telemedicine are best seen in the context 
of a program or a health care system, where a coordinated 
network of providers delivers care using telemedicine to 
a population of patients, matching clinical need with the 
capacity to meet that need. A successful telemedicine pro- 
gram depends on a well thought-out and executed plan 
that addresses the many aspects that underlie a telemedi- 
cine effort. Technology must be assessed and selected to 
best suit clinical needs, and it must be assessed on an 
ongoing basis, as devices in particular evolve rapidly. 
Workflows need to be planned to deliver consistent service 
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and to ensure that telemedicine is never a “step-down” 
from traditional face-to-face medicine. Transitions to tra- 
ditional medicine need to be smooth and efficient when 
the patient’s needs can no longer be met by telemedicine. 
Providers, both initiating and consulting, must be trained 
initially and recurrently to maintain high-quality standards 
and to accommodate for new technologies. Organizational 
and administrative support in the form of business plan- 
ning and operations, legal assistance, contracting, and 
marketing are important. Since telemedicine by its nature 
occurs between a patient and at least two providers and 
often in a very immediate fashion, the building and main- 
taining of relationships between providers is essential. 
Finally, telemedicine is a new and rapidly changing area of 
health care delivery for which there is no true “gold stan- 
dard” or established “right way” to emulate. Those entering 
the world of telemedicine need to be flexible and creative 
and understand that constant troubleshooting and adjust- 
ment to changing situations are to be expected. 

The problem of scale is unique to S&F telemedicine and 
is essentially the problem of matching capacity to demand. 
While a consultant can only physically see one patient at a 
time in their clinic or only be involved in one VIC at time, 
there is virtually no limit to how many S&F cases can be 
sent to a consultant in any period of time. When serving a 
large population of patients or a large number of referring 
providers, this can become a difficult workload problem. 
The potential answer to this problem lies in “scaling up” 
by creating a network of consultants, possibly geographi- 
cally distant or time zone disparate, who can be recruiting 
in to handle heavy workload as needed. This is possible 
since telemedicine holds the possibility of routing work- 
load to available providers without restriction by location 
or time zone. This model has been effectively applied by 
commercial teleradiology reading services. 


Future Directions 


The future in telemedicine is exciting. New technologies 
are rapidly emerging and will undoubtedly change the 
telemedicine space radically. High-definition technologies 
have already substantially upgraded the quality of VIC and 
will soon lead to enhanced ability to capture still images 
of extraordinary high quality. A new generation of home 
monitoring devices will result in telemedicine extending 
into the home of many patients and will change how care 
is delivered for chronic conditions and for preventive care. 
Improvements in broadband infrastructure should make 
telemedicine available to larger segments of the popula- 
tion and should improve its quality and speed. The ability 
to perform VIC over the Internet rather than over dedi- 
cated networks has already made VIC more available and 
has drastically dropped its cost. Finally, Accountable Care 
Organizations will have very strong financial incentives to 
reduce costs through the improved management of chronic 
disease, early diagnosis of conditions, and enhanced 
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provider efficiency. It is expected that telemedicine will be 
an important tool in the integrated care delivery plans for 
these organizations. 

With the adoption of EHRs and emerging health infor- 
mation exchange networks, health care data will be made 
available for physicians located distances from the patients. 
Compilation of the information and remote access will 
indeed have an impact on telemedicine as practice work- 
flows adopt and change. 

Probably the most exciting future area of telemedicine 
is that of mobile health or mHealth. The use of mobile 
phones worldwide has undergone exponential growth in 
recent years. As networks become more available, faster, 
and able to accommodate more data, and as “smart- 
phones” become more capable, their use for personal 
health care will undoubtedly explode in ways that most of 
us cannot imagine. This is already occurring with a large 
number of health-related “apps” coming on the market on 
a daily basis. Innovative health care systems are experiment- 
ing ways to leverage mobile phones to improve efficiency, 
outcomes, and customer satisfaction. The future consum- 
ers and providers of health care are technology savvy and 
will expect health care to be delivered in a way commensu- 
rate with their use and understanding of personal, mobile 
technology. The evolution of personal health records will 
further involve the patient in record collection, documenta- 
tion, and care. It is possible that some day in the near future, 
“telemedicine” may become an archaic term referring to a 
past era when health care delivery and telecommunications 
and technology were somehow distinct and separate. 


m The three main areas of telemedicine are Interactive 
VIC, Asynchronous Store-and-Forward (S&F), and 
RPM. 

m With regard to privacy and security standards, tele- 
medicine should be treated no differently than an 
electronic health record. 

m Telemedicine thus far has proven to be most useful 
in situations where there are remote populations to 
be served or a shortage of providers. 

m Both S&F and VIC have been shown to have useful 
clinical applications in otology and neurotology. 

= Reimbursement, credentialing, and professional lia- 
bility related to telemedicine currently lack national 
standardization. 
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Quality Improvement in 
Otolaryngology 


Rahul K. Shah 


The otolaryngologist may sometimes feel that the word 
“quality” is used by everyone, in every situation, to address 
every issue and to mean whatever the speaker or writer 
wishes it to mean. The busy physician may be pardoned 
if he/she concludes that the term has no fixed meaning 
and that it is safe to tune out of any conversation where it 
comes up. 

This chapter starts by trying not to define quality in 
medicine but to at least characterize it. We then make the 
case that, while the term is overused, there is a core set of 
principles and behaviors that can substantially improve 
the life of the otolaryngologist and his/her patients. 

Quality in medicine refers to two very different, but 
complementary, things: 


1. The rigorous measurement of actual outcomes and the 
use of that data to drive improvement 

2. Aset of principles and behaviors that have been shown 
to bring about improvements in a wide variety of diverse 
complex systems, including medicine and surgery 


There is a large body of literature and practical experi- 
ence about each of these domains. Much is known about 
how to measure real-world outcomes of complex processes, 
including medical and surgical care. Much is also known 
about how one can successfully bring about improvement 
in a complex organization (such as a physician practice, a 
hospital, or an operating room) (1). 

Although the skills and practices needed for each 
domain are very different, it should be obvious that the 
two processes are complementary. If one sets out to 
improve a complex organization, it will be helpful to know 
whether the resulting outcomes are better, worse, or the 
same. Similarly, there is little if any value to measuring 
outcomes rigorously unless one has tools with which to 
improve low-performing organizations. 

In order to provide a context for the quality improve- 
ment (QI) efforts within medicine, this chapter reviews the 
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historical background for quality in surgery and medicine 
and the specific data in otolaryngology. Next, we describe 
the role of measurement for QI and discuss the organiza- 
tions that are trying to create valid measures in medicine 
today and some of the current and future external stan- 
dards for quality. We then discuss the performance of com- 
plex systems and how some organizations achieve high 
performance in complex systems and conclude with a very 
basic primer on how to engage in local QI. 


The concept of QI in medicine is not novel; some of our 
current-day practices were espoused by surgeons decades 
ago (2,3). Dr. Ernest Avery Codman (1869 to 1940) con- 
ceived of what he called “The End Result Idea” in Boston in 
the first decade of the 20th century (2,3). By rigorously fol- 
lowing outcomes, he demonstrated that some surgeons far 
outperformed others and justified the need for specializa- 
tion and extra training in specific surgical domains (2,3). 
He was essentially forced out of organized medicine and 
converted his home to a surgical hospital (2,3). It is impos- 
sible to know to what extent he was forced out because 
his ideas were threatening and to what extent his undip- 
lomatic approach contributed. One high point of his not- 
so-subtle approach was distributing, at a meeting of the 
Boston county surgical society, a caricature of the Boston 
medical system that included (among other things) a cari- 
cature of the president of Harvard, musing “Could my 
clinical professors make a living without humbug?” (2,3). 

Codman’s work was later validated in many venues. He 
was one of the first surgeons to advocate for a surgical mor- 
bidity and mortality conference, now almost universal. He 
later chaired the committee for Standardization of Hospital 
for the American College of Surgeons—which ultimately 
morphed into the Joint Commission. Dr. Codman might 
be impressed with our surgical virtuosity and the technical 
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advances within our hospitals, but he would surely be 
extremely disappointed that most of us still do not follow 
the “End Result System” (2,3). 

Much as the Flexner report in 1910 revolutionized and 
codified the medical education process, the Institute of 
Medicine’s (LOM) 2000 report, To Err is Human, is seen by 
many as a watershed moment in our awareness of patient 
safety and quality (4). This report did not present any new 
data, but it did organize and synthesize the vast body of 
existing data on medical error and called it out publically 
and prominently. While some argued that the estimate of 
over 100,000 preventable deaths annually from extrapo- 
lated data from one state was unfair, subsequent research 
has generally indicated that the IOM report did “size” the 
problem reasonably accurately (4). The result has been a 
decade of tremendous contributions in the literature and 
actual improvement in outcomes for patients and hospitals. 
The initiatives have been broad based—from pediatrics to 
geriatrics and from private practices toward health systems. 


QUALITY IN OTOLARYNGOLOGY: THE 
EVIDENCE IN OUR SPECIALTY 


As noted above, some have doubted the conclusion of the 
IOM report, To Err is Human, about the number of errors 
and adverse events in American medicine. Specialty- 
specific data within otolaryngology have been generally 
confirmatory (5,6). A study of self-reports in a survey 
methodology revealed that approximately 2,500 pre- 
ventable deaths occur annually in otolaryngology! (5). 
Aside from the mortalities, the study highlighted zones 
of risk for surgery. Specific areas where errors could be 
potentially ameliorated include zones of high risk, such 
as sinus surgery, surgery around major cranial nerves, use 
of concentrated epinephrine, and the immediate periop- 
erative period (5). Targeted research has been performed 
to specifically address each of these areas and have further 
supported these areas as zones of risk. 


An adverse event is defined as a negative consequence 
resulting from medical treatment (4,7,8), and a medi- 
cal error has multiple definitions, but the most broadly 
termed is an incorrect plan or failure to execute a cor- 
rect plan (4,7,8). Some errors cause adverse events and 
some do not. Likewise, some adverse events are due to 
errors and some are not. For example, a patient with 
culture-positive streptococcal pharyngitis who is treated 
with amoxicillin and has anaphylaxis to the amoxicil- 
lin has experienced an adverse event, although there was 
no error. An error would be prescribing amoxicillin to a 
patient with a documented allergy to amoxicillin. This 
error might or might not lead to a reaction (an adverse 
event). 
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Currently, a great deal of effort is being put into 
reducing medical error. The goal is to reduce pre- 
ventable adverse events (broadly defined as those 
adverse events which are due to errors). Adverse 
events not due to errors (e.g., mucositis from a cor- 
rect dose of chemotherapy) might be considered 
unpreventable. However, this has not always proven 
to be true. When the senior author of this chapter 
(DWR) was a resident, ventilator-associated pneu- 
monia affected about 10% of patients on ventilators, 
and was considered an unavoidable adverse event. 
With the advent of ventilator management bundles, 
ventilator-associated pneumonia has become quite 
rare in the United States. Thus the line between what 
is “preventable” and what is “unpreventable” may be 
at times unclear, and innovative thinking can allow us 
to prevent complications once thought unavoidable. 


THE ROLE OF MEASUREMENT IN Ql 


There are two fundamental differences in the way that 
measurement is performed for QI purposes, compared to 
the measurement that is done for basic or clinical research 
(Tables 206.1 and 206.2): 


1. For local improvement efforts, the overriding concern is 
that measurement should be inexpensive. Perfect accu- 
racy and statistical significance are secondary consider- 
ations. 

2. To compare physicians, hospitals, or health care sys- 
tems, one needs not just measures but metrics—defined 
by Webster as “standards for measurement.” All players 
need to measure something the same way in order for 
comparisons to be fair. 


Most of us are trained to perform basic and/or clinical 
research. Extremely rigorous measurement, and an insis- 
tence on statistical validity, is the norm. In local clinical QI 
processes, the best measures are the cheapest ones—because 
you can afford to make them and afford to repeat them. 
When your practice introduces a new “check-in” form, you 
do not have the time, personnel, or money to study its 
effect with scientific rigor. Instead, you will use some type 
of “quick and dirty” measure of success. Often the measure 
will be as simple as asking your receptionist if it is working 
well. If it’s not obvious there has been a change, you might 
go so far as to track check-in times for a couple of weeks. 
It would be foolish and wasteful to try to prove that the 
new form is better or worse with statistical significance. For 
ongoing improvement efforts, the major measurement con- 
sideration is opportunity cost, and one should strive for the 
simplest, roughest measure that will provide useful (even 
if imperfect) information. One of the biggest obstacles to local 
improvement is the insistence on “scientific quality” data when 
“quick and dirty” measures should be used. 
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Section XI: Contemporary Issues in Medical Practice 


Measurement for Local Ql 


Research 


Measurement accuracy “Get it right” 


Goal is perfect accuracy. 


“Is P < 0.052” 

Clinical practice will not typically 
alter unless convincing statistical 
evidence builds up that a new 
treatment/process is better. 


Data-based decision-making 


“Next case” 

There is no universal standard for 
performing follow-up research 
studies. 

Large studies are often elaborate, 
expensive, and only possible as 
“one-offs.” 


Follow-up 


On the other hand, if your results are to be compared 
with your peers’ results in public (e.g., on a government 
Web site), you would wish to insist on very rigorous mea- 
surement using fair, risk-adjusted data. When measures 
are used for comparison purposes, once again there is an 
important difference between the sorts of measures that 
most physicians are familiar with and the metrics that must 
be used for quality purposes. To compare different phy- 
sicians or institutions, one must use rigorously defined 


Quality 


“Spend wisely” 

The resources for quality measurement are finite, and there are 
many important things to measure. 

Measuring something perfectly will usually take resources away 
from measurement of other important things. 

We should spend the least amount of money and human 
resources possible to get reasonably accurate information. 

“What do we think is the best decision?” 

Quality is more like clinical medicine. Just as we must often make 
a clinical decision for a patient without perfect data, in quality, 
we often have to make decisions about our department and our 
processes without perfect data. 

If data are suggestive but not statistically significant that, for 
example, there is a problem or an area for improvement, the 
important question is not “Is P < 0.05?” but “Do we believe 
that this is concerning and we should do something about it?” 

“Never stop checking” 

Important domains should be monitored forever since change can 
sneak in anytime. 

Ongoing monitoring provides a way of checking in case decisions 
made with imperfect data (see above) turn out to be wrong. 


metrics, in which every player uses the same definitions of 
(a) which patients are to be included, (b) what a “success” 
or “failure” is, and (c) exactly how the measurement will 
be performed. In addition, most metrics also require risk 
adjustment, since different physicians or hospitals may treat 
very different patient populations—and risk adjustment for 
many types of medical and surgical care is very difficult. But 
the point is that, under quality metrics, we are not free to 
define “success” or failure as we wish—everyone must work 


Metric Development for “High Stakes” or Public Reporting and Comparison 


Research 


“Measurement” “My way or the highway” 


versus “Metric” 


institutions/settings. 


Each researcher must define for himself/herself 
how to measure clinical “success” or “failure.” 
Rarely possible to compare fairly across 


Quality 


“Get on the bus” 

Metric = “Standard for measurement” 

A metric is a rigorous definition of how to conduct 
a particular measurement. 

Only when different institutions agree on metrics 
can meaningful benchmarking take place. 

It is important to use accepted metrics, even if we 
do not feel they are the “ideal” definition. 
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with the same definitions. Naturally, it is rare that everyone 
agrees on what the correct metric is. Physicians, indepen- 
dent by nature, would often prefer to publish their personal 
definition of success in stapedectomy or cancer surgery. In 
clinical research this is normal, but in quality comparison 
metrics it completely defeats the purpose. 

It is extraordinarily difficult to create good metrics for 
most clinical medicine and surgery. It is instructive to con- 
sider cases where metric development has succeeded and 
has indeed driven improvement. 

One resounding success has been The Society of 
Thoracic Surgeons’ surgical data registry, which now 
captures almost all cardiac cases done in the United 
States (9). This database has demonstrated significant 
variability between different hospitals and systems and 
served as a major impetus for improvement and reduc- 
tion in postoperative mortality (9). The reasons that this 
database has been successful are that (a) cardiac surgeons 
repeatedly perform hundreds or thousands of very similar 
operations, (b) the vast majority of cardiac surgical com- 
plications are in just a few categories (death, cardiac arrest, 
stroke, venous thrombosis, and pulmonary embolus), and 
(c) cardiac surgery has a significant, measurable frequency 
of “nongameable” adverse events. It is easy to determine 
even from hospital administrative data if patients survived 
to discharge. Thus the measurement challenge, while very 
large, could be overcome with persistence. 

Another huge success has been the sharing and distri- 
bution of data on cystic fibrosis (CF) outcomes. There is 
no question that this has spurred underperforming cen- 
ters to improve and higher-performing centers to strive to 
“stay ahead,” with the result that overall outcomes have 
improved considerably over the last decades (10). The 
reasons for this success are also similar. CF patients are 
almost all treated in CF centers; they usually spend most 
or all of their lives under the care of one center; there is 
an appreciable mortality (a non-gameable outcome) and 
an intermediate clinical outcome (FEV1) that is extraordi- 
narily tightly linked to ultimate outcome (risk of death) 
(10). Therefore, CF centers can compare themselves to each 
other by looking at fairly simple measures of mortality and 
FEV1, with reasonable accuracy. 

Consider how much more difficult it will be to com- 
pare two different otolaryngologists’ performances at 
treating sinus disease. Major complications are extremely 
rare. Minor complications are highly “gameable”—it is dif- 
ficult or impossible to determine with certainty whether 
or not every patient has a postoperative infection or tran- 
sient bleeding. Few of us collect validated outcome data 
on our patients’ results. There is no good risk-stratification 
system to indicate which patients are likely to be refrac- 
tory to all treatment. Finally, the true measure of our suc- 
cess with sinus disease would measure how we do with all 
our patients—not just the ones who require surgery. The 
need to measure our performance at the medical aspect of 
management will be confounded by the fact that in some 
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locations, the medical management is primarily done by 
allergists, internists, pediatricians, and family practitioners, 
while in other settings, the otolaryngologist may do much 
of the nonsurgical management. A measure that focused 
only on surgical outcomes, for example, would “reward” an 
otolaryngologist who performed unnecessary surgery on 
patients with mild, self-limited sinus disease. It is fallacious 
to argue, as some have done (footnote Porter and Teisberg, 
Redefining Health Care), that because measurement has 
improved care in relatively straightforward situations such 
as CF and cardiac surgery, it will be easy to extend this strat- 
egy to all conditions. Many national organizations, includ- 
ing the American Academy of Otolaryngology-Head and 
Neck Surgery (AAO-HNS), are working hard to develop 
valid metrics for many medical and surgical conditions, 
but the task is extremely difficult. 


ORGANIZATIONS ENDORSING QUALITY 
MEASURES OR MEASURING QUALITY 


There are myriad organizations, both public and private, 
that constitute the health care quality landscape. As many 
of these are involved in measuring, assessing, and report- 
ing on physicians and the clinical care that they provide, 
we have included a brief description of some of the major 
entities tied to physician quality; however, this is not an 
exhaustive list, and, with the implementation of health 
care reform, the list will most certainly continue to expand. 
As of this writing (2011), it is fair to say that the national 
landscape of quality measurement organizations is clut- 
tered. Some of these organizations will certainly survive; 
some may collapse or become superfluous; new ones 
may also be founded. An alphabetical listing of some of 
the important quality organizations on the national land- 
scape, and a brief description of each, follows here. 


Agency for Health Care Quality and Research 


The Agency for Health Care Quality and Research (AHRQ) 
is a government agency within the Department of Health 
and Human Services that evaluates quality and safety in the 
delivery of health care, helps translate what works in health 
care, provides funding for health services research, and 
partners with both the public and private sectors in how to 
improve the health care delivery models. 


Ambulatory Quality Alliance 


The Ambulatory Quality Alliance (AQA) is a multi-stake- 
holder group (ie, clinicians, health plans, consumer 
groups, employer groups) that is focused on improving 
quality and patient safety of health care in the outpatient 
setting. The group looks at the effectiveness of health care 
delivery by determining best practice in performance mea- 
surement, data integrity, and public reporting. The AQA 
is unique in that in attempts to have multi-stakeholders 
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convene, they can potentially align the stakeholders and 
secure broader-based support (11). 


Centers for Medicare/Medicaid Services 


As the government sponsored (Department of Health and 
Human Services) provider of Medicare and the oversight 
organization to State Medicaid programs, Centers for 
Medicare/Medicaid Services (CMS), the nation’s largest 
insurer, was one of the earliest organizations to develop 
programs to assess quality in the provision of care and to 
evaluate the relationship between quality and cost (12). 
Beginning in the 1980s with the introduction of peer 
review organizations focused on inappropriate admissions 
and retrospective review of hospital length of stay, continu- 
ing with the adoption of QI organizations in the 1990s 
that focused on utilization of hospital services as a way to 
control costs, and most recently with the introduction of 
Pay for Performance, Compare Web sites, and the Physician 
Quality Reporting System, the government has been at the 
forefront of this movement toward the provision of high- 
quality, effective care with efficient use of resources. 


Institute for Healthcare Improvement 


The Institute for Healthcare Improvement (IHI) is a non- 
profit Massachusetts-based institute that strives to optimize 
patient safety and outcomes. They are known for the tools 
and education they provide to health care professionals 
and the crucial role they play in assisting the prioritization 
of the myriad initiatives which exist. Indeed, they were so 
successful that Dr. Berwick, whom was president and chief 
executive officer of IHI, was recently appointed the head of 
the Centers for Medicare and Medicaid Services. 


Institute of Medicine 


The IOM is a nonprofit, nongovernmental organiza- 
tion dedicated to the improvement of health and health 
care. It is the organization within the National Academy 
of Sciences that responds to inquiries from governmental 
and private organizations on health policy issues. In 1999, 
the IOM produced the landmark report To Err is Human, 
a report that outlines how medical errors can be prevented 
and set a mandate to reduce errors by 50% over 5 years (4). 


Joint Commission 


As noted in this chapter, the Joint Commission can trace 
its root back to Dr. Codman, whom was always advocating 
for rigorous study of one’s outcomes. At present, the Joint 
Commission serves many roles, the most prominent being 
a regulatory accrediting agency. In such a role, they have 
been pivotal in helping to advocate and push for real gains 
in transparency of outcomes, benchmarking, and tangible 
patient safety and QI metrics and results. 
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National Quality Forum 


The National Quality Forum (NQF) is a private, non- 
profit membership organization concentrated on estab- 
lishing national patient safety priorities and performance 
improvement goals. NQF evaluates and endorses measures 
across a wide spectrum of specialties. NQF is contracted 
with the US Department of Health and Human Services 
to develop a process to evaluate and encourage measured 
development for the nation’s top medical conditions, that 
is, those conditions that account for 95% of Medicare 
spending (13,14). 


Physician Consortium for Performance 
Improvement 


The American Medical Association formed the Physician 
Consortium for Performance Improvement (PCPI) in 2000 
as the first physician-led initiative for the development of 
evidence-based measures, measure implementation, and 
outcomes reporting tools. PCPI membership includes rep- 
resentation from over 100 national medical societies and 
state medical societies as well as the AHRQ, the Council 
for Medical Specialty Societies, and the American Board of 
Medical Specialties (ABMS). To date, the PCPI has devel- 
oped over 30 measure sets and close to 200 individual 
measures. PCPI measures represent the majority of mea- 
sures contained with the Center for Medicare and Medicaid 
Services Physician Quality Reporting System. 


Surgical Quality Alliance 


The American College of Surgeons convened the Surgical 
Quality Alliance in 2005 to bring together over 20 surgi- 
cal specialties (including Otolaryngology—Head and Neck 
Surgery) and anesthesia to address quality performance in 
surgery. The group ensures collaboration on quality mea- 
sures across surgery and provides feedback to federal and 
private payer policy on issues addressing surgical quality 
of care (15). 


EXTERNAL REQUIREMENTS FOR 
QUALITY 


The ABMS sets the standards for 24 member boards for 
certification and maintenance of certification including 
for Otolaryngology—Head and Neck Surgery. In recog- 
nition that the boards play a major role in ensuring that 
physicians are continuously engaged in performance 
improvement over the course of their careers, they have 
developed a four-part framework for accessing physician 
competency (16). The four areas for physician assess- 
ment are Part I Licensure and professional standing, Part II 
Lifelong learning and periodic self-assessment, Part III 
Cognitive expertise as demonstrated through exam, and 
Part IV Performance in practice. By 2014 physicians must 
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demonstrate assessment of performance in practice and QI 
(every 2 to 5 years), the use of an approved survey tool that 
measures physician communication skills, and skill assess- 
ment through utilization of peer survey (17). Most medical 
boards now require physicians to demonstrate quality in 
their practice. There has been demonstrated value in such 
as improved outcomes have been associated with board 
certification/maintenance of certification (18). 


QUALITY WITHIN HEALTH CARE 
INSTITUTIONS 


Health System Programs 


In response to market-driven competition and financial 
pressures from employers and payers, and most impor- 
tantly, in the desire to provide, safe, high-quality care, 
hospital systems have been at the forefront of the QI move- 
ment. Hospitals develop QI programs that assess and mea- 
sure physician performance across a multitude of clinical 
quality indicators. Much of this has been driven in response 
to external forces such as meeting Joint Commission stan- 
dards, the public reporting of hospital-specific performance 
measures (CMS’ Hospital Compare Web site and similarly 
from the Leapfrog Group), and pressures from government 
and private payers. Increasingly health systems executives 
and their respective boards are placing as much focus on 
clinical quality as has historically been placed on financial 
and operational data when assessing hospital performance. 
It has become clear that such importance to patient safety 
and quality also drives the financial metrics of the insti- 
tutions. Hospital departments are being asked to provide 
specialty-specific measures as their hospitals embark on 
organization-wide QI programs, and performance on these 
measures is being taken into account in the development of 
physician compensation programs as well as for regulatory 
compliance with Ongoing Professional Practice Evaluation 
(OPPE) from the Joint Commission. Fortunately with the 
convergence of a robust information technology infrastruc- 
ture in health care, much of these efforts and analysis have 
been made easier with continued implementation of elec- 
tronic health records at the system level (19). 


Department-Specific Initiatives 


Starting in 2008, every health system was required to assess 
physician performance with regard to the six core compe- 
tencies defined by the Joint Commission, the ABMS, and 
the American Council for Graduate Medical Education. 
Previously, these six areas of assessment were utilized 
solely in the assessment of house officers, but the Joint 
Commission has now extended these requirements to every 
physician on a hospital’s medical staff. Called the OPPE, 
the core areas measured are Medical/Clinical Knowledge, 
Patient Care, Interpersonal Skills and Communication, 
Practice-Based Learning, Professionalism, and System-Based 
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Practice. If there are issues identified with individual physi- 
cian performance or if a physician is new to the hospital 
or is seeking privileges for a procedure, the physician may 
be assessed utilizing a Focused Professional Performance 
Evaluation (FPPE), a time-limited period during which 
an organization evaluates and determines a practitioner's 
performance in practice. This can be done through chart 
review, monitoring practice, simulation, or peer review. As 
these tools, the OPPE and FPPE, are relatively new intro- 
ductions for physicians to assess quality, there will certainly 
be iterations to such as the specific measurement tools are 
developed and trialed (20). 


QUALITY AND REIMBURSEMENT 


While there have been many gains in quality particularly 
in the prior couple of decades, improvements have mainly 
been focused within individual hospitals and health sys- 
tems and related to specific conditions. For instance, the 
Joint Commission reported that scores on meeting quality 
parameters for heart attack, pneumonia, surgery, and child- 
hood asthma rose from 81.8% to 95.4% between 2002 
and 2009 (21). However, there has not been consistent, 
widespread improvement over many health conditions in 
inpatient and ambulatory health settings (22). To speed the 
journey and increase the consistency over time of health QI, 
many hospitals and insurers, including Medicare, have tied 
improvement in quality metrics to financial incentives asso- 
ciated with compensation (salary incentives) or through 
enhancements to reimbursement for services rendered (eg., 
Pay for Performance programs and CMS’ Physician Quality 
Reporting System). Most of these programs focus on evalu- 
ating physician performance across a broad set of measures 
including those derived from medical records, billing and 
administrative data, electronic health records, and patient 
and provider surveys. It is not yet clear to what extent finan- 
cial incentives can drive fundamental, long-term changes in 
behavior and health systems, and other physician organi- 
zations are looking at a number of approaches (i.e, peer 
review, public reporting, financial incentives), which taken 
together may potentially drive lasting change (23). 


QUALITY AND HEALTH CARE REFORM 


When discussing reform of any nature, it is with caution 
that the three issues below are highlighted as it maybe, 
a decade from now, these entities may not even exist or 
may have been substantially changed by legislation in their 
scope, etc. In 2010, the Patient Protection and Healthcare 
Affordable Care Act was signed into law. The act is designed 
to make significant changes to the delivery and financing 
of health care in the United States. The goal of health care 
reform is to eliminate the fragmentation of the current 
health delivery system and improve health care effective- 
ness and quality while slowing spending. Two of the major 
tenets of the legislation were the creation of accountable 
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care organizations (ACOs) and creation of the CMS 
Innovation Center. The act sets forth the Medicare Shared 
Savings Program for ACO. What is envisioned is an organi- 
zation (physician led or hospital) that takes accountability 
for a set group of Medicare patients and, based on deliv- 
ering high-quality care and reducing the cost of that care 
below expected levels, can share in the realized savings. It is 
anticipated that ACOs could aid in reducing the fragmen- 
tary nature of the current health care delivery model and 
provide vertical integration of care rather than the more 
traditional horizontal integration of care. The concept is 
different from shared risk arrangements of the past in that 
there are built in safeguards against downside risk at least 
for the initial years of the arrangement. Many of the details 
of how ACOs would be structured and who will fund the 
necessary upfront costs have yet to be fully addressed (24). 
The act also stipulated the creation of the CMS Innovation 
Center that will create new payment and health services 
delivery models designed to reduce cost while maintain- 
ing and enhancing quality of care. The initial focus of the 
Innovation Center will be the Partnership for Patients that 
has the dual purpose of (a) reducing health care-acquired 
conditions 40% from 2010 to 2013 and (b) reducing hos- 
pital readmissions 20% during this time period. It is esti- 
mated that in meeting these two measures alone, 60,000 
lives could be saved and many complications of care elimi- 
nated. The financial impact is purported to be as much as 
$50 billion in savings over ten years (25). 


COMPLEX SYSTEMS AND HIGH 
PERFORMANCE WITHIN SYSTEMS 
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industry, airline industry, and chemical manufacturing. 
Unfortunately, health care lies in the middle of such spec- 
trum. In an effort to imbue health care, specifically, oto- 
laryngology, which such characteristics, it is imperative to 
identify such so that we can learn from other industries. 
Systems that function at a very high level with consis- 
tent reliability are called high-reliability organizations or 
high-performance systems. Characteristics of such systems 
include many variables, the most pertinent to otolaryngol- 
ogy include (1) an understanding that (a) common aims 
are essential, (b) outstanding systems are created from 
outstanding elements, (c) complex systems are inherently 
unpredictable, (d) feedback loops improve performance, 
(e) standardization improves function for repetitive pro- 
cesses, (f) standardization is the only baseline, (g) short- 
ened cycle time improves function, (h) system features 
should be driven by system goal, (i) human error is ubiq- 
uitous, (j) respect for persons improves systems perfor- 
mance, and (k) strong constructive leadership is essential. 
A failure by physicians, especially otolaryngologists, to 
embrace and understand the nuances of high-performance 
systems will result in inefficiencies and frustrations. An 
excellent cognitive process is to choose one of the identi- 
fied characteristics of high-reliability organizations above 
and apply it to your realm and see the outcomes. For 
example, try dictating and signing charts immediately— 
the downstream effects in terms of improved communica- 
tion, improved patient care, and ultimately outcomes will 
be eye-opening. 


A PRIMER ON LOCAL OI INITIATIVES 


Dr. Avedis Donabedian (1919 to 2000) laid the founda- 
tion for an understanding of systems science applications 
to health care QI. His significant contribution was the 
concept of the framework for QI that included structure, 
process, and outcome. Much of the organizational QI pro- 
cesses in health care come from his prescient teachings. 
Systems science is the fundamental concept that in health 
care, the delivery of care is made up of overlapping systems. 
These systems interact to ensure the patient is cared for. For 
example, a critically injured child in a motor vehicle acci- 
dent is triaged by an emergency medicine team (system) 
that brings the child to the hospital (system), where the 
child is managed by the trauma team (system) that decides 
the patient needs to have surgery (system) and the patient 
is whisked to the operating room and managed by a cadre 
of health care professionals (system) that successfully 
operates on her, and she recuperates on the ward (system) 
to be discharged without issue back to her home (system). 

The myriad systems that one encounters mandate that 
we consider health care organizations to be amenable to 
application of concepts of systems science. A spectrum 
exists as there are, of course, those systems that are exem- 
plars and others that barely function. The later are easy to 
conjure; the most successful systems include the nuclear 


It is imperative for surgeons to lead QI initiatives as we are 
presumably the experts of our patients. However we are not 
experts on QI projects, as such, in large or academic health 
systems, you may be able to partner with your patient 
safety and QI offices. In smaller hospitals or practices, you 
may have to design your own initiatives. With any QI proj- 
ect, it is important to start small and periodically measure 
the effect of the intervention. A basic and classic model for 
a QI initiative is the PDSA cycle. This involves the steps 
of (P)lanning an intervention, (D)oing the intervention, 
(S)tudying the impact of the intervention, and (A)cting to 
improve the outcomes further. This iterative cycle is one of 
the most basic QI tools. 

Nationally, with regard to otolaryngology, there are sev- 
eral anecdotal best practices that have been implemented 
as QI initiatives. Some of the standout projects include 
calling posttonsillectomy patients back instead of hav- 
ing them come back to the office for follow-up (26). An 
example that is not in the peer-reviewed literature was a 
practice in which, after misadministration of allergy sera 
to the wrong patient with an untoward outcome, the prac- 
tice implemented a check where the patient corroborates 
with the technician that he or she is going to receive the 
intended allergy sera. 
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CONCLUSION 


“Quality,” properly understood, refers to two different but 
complementary sets of activities: 


1. 


2. 


The use of basic, well-known principles to improve pro- 
cesses locally 

The rigorous measurement of outcomes and the use of 
that data to drive improvement 


The two processes require very different actions and 


skill sets, but are highly complementary. Every physician 
should understand the basics of local QI, and every physi- 
cian should understand what distinguishes local improve- 
ment measures from rigorous national metrics. Not every 
physician can or should be expert in national outcome 
metrics; itis critical that physicians as groups (e.g., through 
national specialty societies) are engaged in the process of 
developing, validating, and deploying national metrics. 


m There is potential for significant benefit from imple- 


mentation of QI initiatives in otolaryngology. 


m There are fundamental differences in the way that 


measurement is performed for QI purposes, com- 
pared to the measurement that is done for basic or 
clinical research. 


m= Nationally, there are several quality organizations 


that are driving the initiatives on a broad level. 


= Quality in medicine can be achieved by application 


of systems science principles to move organizations 
toward high-reliability organizations. 


= Local QI efforts are easily implemented and can 


be done successfully by following the (p)lan, (d)o, 
(s)tudy, and (a)ct cycle. 
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Conflicts of interest between physicians and industry 
have received much attention in the headlines lately, per- 
haps driven by the increasing complexity of potential rela- 
tionships. Relationships between the physician community 
and industry are important in helping patients through 
the development of new medicines and technologies that 
enable patients to live longer and healthier lives. In short, 
these relationships are essential to medical innovation. 
At the same time, these relationships must be managed 
in a transparent, ethical manner to insure that first and 
foremost, the best interests of the patient are kept in the 
forefront. This chapter explores the definition of a conflict 
using examples from the news, the types of relationships 
that may pose conflicts, some of the rules governing con- 
flicts, and best practices in the management of conflicts. 


The definition of conflict of interest is variable, but accord- 
ing to Merriam-Webster’s online dictionary a conflict of 
interest is “a conflict between the private interests and the 
official responsibilities of a person in a position of trust” 
(1). This conflict may commonly be based upon financial 
rewards, but it can also be based upon a set of circumstances 
that achieves a specific outcome. An example of an outcome 
as a component of a conflict of interest is when a judge 
must excuse himself or herself because of a type of knowl- 
edge or relationship that is possessed that may then skew or 
give the appearance of skewing the outcome of a legal case. 
Another term, duality of interest, is used when a person has 
two roles, which may lead to an influence on judgment. An 
example of duality of interest is when a board member of a 
foundation that gives research grants is also part of a team 
that has applied for one of the foundation’s grants. 
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Several examples of possible perceived conflicts of inter- 
est have been prominent in news reports over the past sev- 
eral years, and these examples can be instructive. In 2009, 
Liz Kowalczyk of the Boston Globe wrote an article about 
a potential conflict of interest at Massachusetts General 
Hospital involving Dr. Joseph Biederman who oversaw a 
study involving risperidone in treating psychosis in chil- 
dren under age 10 between 2002 and 2005. Johnson and 
Johnson, the company that manufactured the drug via Janssen 
Pharmaceuticals, had given $700,000 to support the research 
center at Massachusetts General, and it was reported that 
Dr. Biederman appeared to have received $1.5 million in con- 
sulting and speaking fees from them. This income was alleg- 
edly not reported in a timely fashion to Harvard University. 
Although Dr. Biederman did not own stock in J&J, J&J was 
alleged to be intimately involved in the research center that 
Dr. Biederman oversaw. As Dr. Marcia Angell summarized in 
a comment for the Boston Globe on March 20, 2009, “Even 
if you have the best intentions, it’s hard to remain objective 
about people who've been so good to you” (2). Whether or not 
the income and support from J&J influenced the outcome of 
ongoing research work is unknown. However, large amounts 
of monetary support for studies in the form of research center 
support and income and consulting fees can have the appear- 
ance of influencing the accumulation of objective results. 

Another story depicting a possible conflict of interest 
involved the development and marketing of an orthope- 
dic hip implant manufactured by DePuy. The implant was 
developed by several physicians including Dr. Thomas 
Schmalzried and Dr. Thomas Vail and was known as the 
ASR Implant. The implant was released in the United 
States in 2005 without undergoing FDA trials after being 
used abroad, but by 2008 there were over 200 problems 
reported with the implant, and by 2009 over 300 problems 
were reported. A high percentage of reported problems 
resulted in a need to replace the implant. DePuy was report- 
edly slow to react to information about problems with the 


product and continued to market the device. The develop- 
ers of the device were also reported to be supportive of it 
even in the face of mounting failure data. Dr. Schmalzried 
was reported as receiving $3.4 million in payments over a 
2-year period for work and royalties related to the device. 
The company and the physicians were accused of continu- 
ing to support the device after data showed it to be fail- 
ing at a high rate. Finally, DePuy pulled the device from 
the market (3). Taking this information at face value, news 
reports speculated that it appeared that financial incentives 
and profit may have interfered with timely decision mak- 
ing in light of accumulating negative clinical information 
concerning the clinical performance and failure rate of the 
device in which the doctors had a financial interest (4). 
The main tool used to combat the appearance of conflict 
of interest is disclosure. Disclosure allows a person with a 
potential conflict to report the issue prior to beginning work 
on a study or publication or presentation. In this way, any 
judgmental body such as an editorial review board or an 
audience at a lecture can be apprised of the relationship of 
an individual to a technology or drug or research question. 
Disclosure also allows the possibility of screening slides or 
other presentation material by a disinterested third party 
to make sure that biased information is not being dissemi- 
nated in a scientific or educational setting that awards educa- 
tional credits to people who are in the audience. Obviously, 
one way to control conflict of interest in presented material 
would be to have a zero tolerance approach whereby any 
person who has any financial or other interest in a project 
or outcome would not be welcome to participate in pub- 
lically speaking or writing about the subject. This extreme 
position, however, would essentially be a prohibition upon 
allowing some of the most creative and expert scientists 
and investigators from being involved in the education pro- 
cess. It would also deter experts from becoming involved in 
promising investigations that could have translational and 
commercial applications. Certainly, translational science 
should be encouraged and not discouraged as the benefit 
to society as a whole is an overriding principle. As a result, 
conflict of interest can be managed through a process of 
transparency rather than being prohibited outright. 


CONFLICT OF INTEREST IN PUBLISHING 


Because of variability in defining conflict of interest, each 
journal or publication theoretically can define its own 
individual set of standards for its authors and readers. 
Standardization, however, certainly has some advantages. 
The International Committee of Medical Journal Editors 
(ICMJE) has recently adopted a standard form for disclo- 
sure formally referred to as “ICMJE Form for Disclosure of 
Potential Conflicts of Interest” (5) (Fig. 207.1). This form 
has been embraced by many journals including JAMA (6,7). 
The form is a fairly simple PDF document that has four sec- 
tions. Section 1 is identifying information. Section 2 elicits 
information about personal or institutional payment from 
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a third party to support any aspect of the submitted work. 
This includes grants, consulting fees, travel support, fees 
for data monitoring or statistical analysis, fees for writing 
or reviewing the work, writing assistance or administrative 
support, or others. Section 3 probes financial activities out- 
side of the submitted work, including relationships present 
during the 36 months prior to the actual submission. This 
includes board memberships, consultancies, employment, 
expert testimony, grants, payment for lectures, payment 
for manuscript preparation, patents, royalties, payment for 
developing educational presentations, stock options, travel 
accommodations and meeting expenses, or other. Finally, 
Section 4 asks for any other relevant information that the 
author can think of that may have influenced the work. 
Section 4 was added after a period of review and comment 
elicited feedback that itemizing every conceivable conflict, 
such as conflicts involving spouses or children, is imprac- 
tical. To resolve this challenge, Section 4 was added as an 
open-ended section to allow the author to submit any other 
potential category of conflict that had been missed in the 
above sections (6). Not every otolaryngology—head and 
neck surgery—based journal has adopted this ICMJE form, 
but the thoroughness and thoughtfulness of this form is 
a relatively concise guide to what would be expected in 
disclosing all aspects of potential bias when submitting an 
article for publication consideration. 


CONFLICT OF INTEREST IN RESEARCH 


Recently, the National Institutes of Health (NIH) proposed 
the first major overhaul of conflict of interest guidelines 
in over a decade. Old standards triggered financial report- 
ing at $10,000. The new guidelines require disclosure of 
support that exceeds $5,000. This includes reporting stock 
ownership, speaking fees, consulting arrangements, and 
other financial relationships with foundations or industry. 
Disclosure of these potential conflicts is to be made to the 
parent institution, and so the parent institution is therefore 
tasked with monitoring compliance with ethical standards. 
The parent institution is also responsible for allowing 
public scrutiny of any reported disclosure items. As a dual 
check on reporting, the Patient Protection and Affordable 
Care Act, commonly known as the Obama Health Care 
Plan, also included a “sunshine provision” that mandated 
that industry report to a government database any pay- 
ment or gift to a physician greater than $10 (8,9). 


INSTITUTIONAL CONFLICT OF INTEREST 


Individuals are not the only people who can benefit from 
financial arrangements with industry. Very often, entire 
institutions have a stake in a certain technology or drug. 
A case in point involved a situation at the Cleveland Clinic. 
According to news reports, Delos M. Cosgrove, M.D., 
was the head of the Cleveland Clinic Foundation and 
had received royalties from a company called AtriCure. 
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INTERNATIONAL COMMITTEE ¢/ 
MEDICAL JOURNAL EDITORS 


ICMJE Form for Disclosure of Potential Conkicts of Interest 


a __ 


The purpose of this form is to provide readers of your manuscript with information about your other interests that could 
inXuence how they receive and understand your work. The form is designed to be completed electronically and stored 
electronically. It contains programming that allows appropriate data display. Each author should submit a separate 
form and is responsible for the accuracy and completeness of the submitted information. The form is in four parts. 


Identifying information. 


Enter your full name. If you are NOT the corresponding author please check the box "no" and a space to enter the name of 
the corresponding author in the space that appears. Provide the requested manuscript information. Double-check the 
manuscript number and enter it. 


The work under consideration for publication. 


This section asks for information about the work that you have submitted for publication. The time frame for this reporting 
is that of the work itself, from the initial conception and planning to the present. The requested information is about 
resources that you received, either directly or indirectly (via your institution), to enable you to complete the work. Checking 
"No" means that you did the work without receiving any nancial support from any third party -- that is, the work was 
supported by funds from the same institution that pays your salary and that institution did not receive third-party funds 
with which to pay you. If you or your institution received funds from a third party to support the work, such as a 
government granting agency, charitable foundation or commercial sponsor, check "Yes". Then complete the appropriate 
boxes to indicate the type of support and whether the payment went to you, or to your institution, or both. 


Relevant Xnancial activities outside the submitted work. 


This section asks about your Xnancial relationships with entities in the bio-medical arena that could be perceived to 
inKuence, or that give the appearance of potentially inkuencing, what you wrote in the submitted work. You should 
disclose interactions with ANY entity that could be considered broadly relevant to the work. For example, if your article is 
about testing an epidermal growth factor receptor (EGFR) antagonist in lung cancer, you should report all associations with 
entities pursuing diagnostic or therapeutic strategies in cancer in general, not just in the area of EGFR or lung cancer. 


Report all sources of revenue paid (or promised to be paid) directly to you or your institution on your behalf over the 

36 months prior to submission of the work. This should include all monies from sources with relevance to the submitted work, 
not just monies from the entity that sponsored the research. Please note that your interactions with the work's sponsor 
that are outside the submitted work should also be listed here. If there is any question, it is usually better to disclose a 
relationship than not to do so. 


For grants you have received for work outside the submitted work, you should disclose support ONLY from entities that 
could be perceived to be aKected Xnancially by the published work, such as drug companies, or foundations supported by 
entities that could be perceived to have a Knancial stake in the outcome. Public funding sources, such as government 
agencies, charitable foundations or academic institutions, need not be disclosed. For example, if a government agency 
sponsored a study in which you have been involved and drugs were provided by a pharmaceutical company, you need 
only list the pharmaceutical company. 


Other relationships. 


Use this section to report other relationships or activities that readers could perceive to have inXuenced, or that give the 
appearance of potentially inkuencing, what you wrote in the submitted work. 


Figure 207.1 ICMJE disclosure form. This ICMJE disclosure form is designed to provide transparency with regard to any 
conflicts an author might have in developing material for publication. It succinctly covers most issues likely to be encountered 
when considering conflict of interest. 
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INTERNATIONAL COMMITTEE of 
MEDICAL MEDICAL JOURNAL EDITORS 


ICMJE Form for Disclosure of Potential ConXicts of Interest 


Section 1. Identifying Information 


1. Given Name (First Name) 2. Surname (Last Name) 3. Elective Date (07-August-2008) 


4. Are you the corresponding author? Yes No 


5. Manuscript Title 


6. Manuscript Identifying Number (if you know it) 


Section 2. 


The Work Under Consideration for Publication 


Did you or your institution at any time receive payment or services from a third party for any aspect of the submitted work 
(including but not limited to grants, data monitoring board, study design, manuscript preparation, statistical analysis, etc...)? 


Complete each row by checking “No” or providing the requested information. If you have more than one relationship click the 
“Add” button to add a row. Excess rows can be removed by clicking the “X” button. 


The Work Under Consideration for Publication 


Money| Money to 


Type i Your Name of Entity Comments** 
Institution* 


4 


1. Grant 


x 


PADD | 
Es 


2. Consulting fee or honorarium 


3. Support for travel to meetings for 
the study or other purposes 


4. Fees for participation in review 
activities such as data monitoring 
boards, statistical analysis, end 
point committees, and the like 


5. Payment for writing or reviewing 
the manuscript 


x 


| ADD | 
2 


6. Provision of writing assistance, 
medicines, equipment, or 
administrative support 
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INTERNATIONAL COMMITTEE of 
MEDICAL JOURNAL EDITORS 
ICMJE Form for Disclosure of Potential Conkicts of Interest 


The Work Under Consideration for Publication 


Money| Money to 


7. Other x 


Your Name of Entity Comments** 
Institution* 


* This means money that your institution received for your eXorts on this study. 
** Use this section to provide any needed explanation. 


Section 3. 


Relevant Xnancial activities outside the submitted work. 


Place a check in the appropriate boxes in the table to indicate whether you have Knancial relationships (regardless of amount 
of compensation) with entities as described in the instructions. Use one line for each entity; add as many lines as you need by 
clicking the "Add +" box. You should report relationships that were present during the 36 months prior to submission. 


Complete each row by checking “No” or providing the requested information. If you have more than one relationship click the 
“Add” button to add a row. Excess rows can be removed by clicking the “X” button. 


Relevant Xnancial activities outside the submitted work 


Money| Money to 
Your i Comments 
Institution* 


Type of Relationship (in 
alphabetical order) 


1. Board membership 


2. Consultancy 


3. Employment 


4. Expert testimony 


5. Grants/grants pending 


6. Payment for lectures including 
service on speakers bureaus 


7. Payment for manuscript 
preparation 


Ww 
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INTERNATIONAL COMMITTEE of 
MEDICAL JOURNAL EDITORS 
ICMJE Form for Disclosure of Potential Conkicts of Interest 


Relevant Xnancial activities outside the submitted work 


Money| Money to 
Paid to Your i Comments 
You | Institution* 


Type of Relationship (in 
alphabetical order) 


8. Patents (planned, pending or 
issued) 


9. Royalties 


10. Payment for development of 
educational presentations 


11. Stock/stock options 


12. Travel/accommodations/ 
meeting expenses unrelated to 
activities listed** 


13. Other (err on the side of full 
disclosure) 


* This means money that your institution received for your eXorts. 
** For example, if you report a consultancy above there is no need to report travel related to that consultancy on this line. 


Section4. Other relationships 


Are there other relationships or activities that readers could perceive to have inXuenced, or that give the appearance of 
potentially inkuencing, what you wrote in the submitted work? 


No other relationships/conditions/circumstances that present a potential conkKict of interest 


Yes, the following relationships/conditions/circumstances are present (explain below): 


At the time of manuscript acceptance, journals will ask authors to conKrm and, if necessary, update their disclosure statements. 
On occasion, journals may ask authors to disclose further information about reported relationships. 


Hide All Table Rows Checked 'No' | SAVE 
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Evaluation and Feedback 


Please visit http://www.icmje.org/cgi-bin/feedback to provide feedback on your experience with completing this form. 
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AtriCure produced a surgical tool that was not specifically 
FDA approved for heart surgery in 2005, but the Cleveland 
Clinic had been conducting research on using the tool to 
ablate atrial fibrillation. The Cleveland Clinic itself appar- 
ently also had an investment interest in the company. Yet, 
in conducting the research, patients were not initially made 
aware of the institution’s financial interest and the foun- 
dation director's financial relationship to the technology. 
Eventually, Dr. Cosgrove removed himself from overseeing 
the Cleveland Clinic Foundation’s investment section, and 
the institution created the Cleveland Clinic’s Innovation 
Management and Conflict of Interest Committee to vet 
promising technologies and their relationship to the orga- 
nization (10). Thus, Cleveland Clinic developed an indi- 
vidual approach to managing the institution’s expertise, 
creativity in translational research, and economic invest- 
ments in a presumably ethical fashion. Other organiza- 
tions such as the American Association of Medical Colleges 
and the Institute of Medicine (IOM) have constructed 
guidelines and recommendations to allow institutions 
to ethically manage conflict of interest while still benefit- 
ing from expertise in translational research and industry 
partnerships (11). Uniformity in adopting these guidelines 
has been relatively unsuccessful as recently shown in a 
report published by Ehringhaus in Journal of the American 
Medical Association, which showed that only 38% of insti- 
tutions had policies which oversaw the institution’s own 
investment portfolio (12). 


CONFLICT OF INTEREST IN MEDICAL 
PRACTICE 


Conflicts of interest can be encountered in the direct deliv- 
ery of health care. The federal government has identified 
this potential conflict and has through the legislature 
weighed in by developing laws that concern direct medical 
practice. 

Although beyond the scope of this chapter to discuss in 
detail, the prohibition on collective bargaining by physi- 
cians by the federal government certainly has its roots in 
a valuation judgment concerning conflict of interest. The 
idea that physicians would “price fix” is deemed to be in 
direct conflict with societal well-being, presumably. More 
directly, the federal Stark legislation has developed rules 
to prevent physicians and practices from directly referring 
business to entities in which they have a financial inter- 
est. The Stark legislation was passed in three parts: Part I in 
1989, Part II in 1993, and Part II] became effective in 2007. 
Obviously legislation of this sort is complex and subject 
to interpretation and opinion and judgment. In general, 
Part I addressed the issue of physicians referring laboratory 
work to laboratories in which they had a financial interest. 
Part Il addressed other medical practice venues and also set 
aside exceptions or “safe harbors.” One particular exception 
was in the development of outpatient surgicenters. Finally, 
Part III was signed into law by President Clinton as part of 
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Medicare legislation and contained an “antikickback” pro- 
vision so that referrals to a center of care could not result 
in a financial bonus to the physician who made the refer- 
ral. Also, these laws are designed to govern Medicare and 
Medicaid billing issues (13-16). Another area of conflict 
of interest in direct medical practice has to do with compli- 
cated rules governing the submission of bills to the govern- 
ment Medicare program. The federal government has often 
claimed that fraudulent billing in the Medicare system 
is a source of financial waste and ill-gotten gains. In the 
1990s under the Clinton administration, PATH audits were 
accomplished. PATH stands for “Physicians At Teaching 
Hospitals.” The government's position was that Medicare 
Part A dollars paid for resident salaries. Because the resi- 
dent salaries were supported partly by these Part A dollars, 
any further billing for services provided by residents were 
considered to be duplicative. Therefore, overseeing faculty 
could not bill for resident services under Part B of Medicare 
unless they were actively taking part in direct teaching or 
supervision of the work. In general, direct patient care ser- 
vices are billed through Medicare Part B in all practices that 
Participate in this government program. 

Financial conflicts of interest in the government system 
became apparent in three general categories during PATH 
audits. One category was when a physician billed for a ser- 
vice that was not at the correct level of complexity. Billing 
levels were generally divided into five categories of com- 
plexity on the outpatient side of medicine, and reimburse- 
ments were made by higher amounts or remuneration as 
the complexity of the patient encounter, time spent, and 
decision making increased. Audits were directed to deter- 
mine if the amount billed was consistent with the docu- 
mentation that described the visit. If the documentation 
did not match the billing level, fines and penalties could 
be assessed. A conflict of interest was therefore inherent 
between the physician’s desire to be maximally reimbursed 
at the discounted Medicare rate and the documentation 
that the physician could provide to support the level of ser- 
vice claimed. A second category of investigation pertained 
to procedural billing. A system was developed to valuate 
the relative complexity and worth of various surgical and 
other procedures. The concept of a Relative Value Unit, or 
RVU, was invented to provide a basis for creating a differ- 
ential financial value scale that could be applied to various 
interventions in surgery and medicine. A conflict of interest 
would exist if a surgeon billed for a certain procedure that 
was more complex and more highly valued while a less 
complex or valued procedure was actually performed. The 
third category of conflict of interest addressed the prob- 
lem of a supervising physician billing for a service that was 
accomplished by a resident while the attending physician 
was not properly present to supervise or accomplish the 
procedure in person. 

An example of the power inherent in the federal 
government's ability to conduct an audit is reflected in 
the experience of H. Richard Winn, the former Chief of 
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Neurosurgery at University of Washington. As he reports in 
the Journal of Neurosurgery, Dr. Winn was the subject of a 
detailed investigation by the federal government. He was 
accused of improperly billing Medicare for services ren- 
dered by residents who were not properly supervised as 
well as several other charges. The final outcome was that 
Dr. Winn pleaded guilty to “one count of obstructing ‘com- 
munication of information to a criminal investigator” after 
a 3-year federal investigation. A $500,000 fine was also 
levied, which “represented 0.5% and 1.3% of billings and 
revenues, respectively.” The institution itself was also the 
subject of controversy for not properly educating its faculty 
on the nuances of proper billing procedures. Dr. Winn left 
the University of Washington and was required to write an 
account of the audit, which revealed errors in compliance 
with federal rules which was published in the Journal of 
Neurosurgery (17). The stakes for maintaining an appropri- 
ate compliance with federal regulations governing conflict 
of interest and economic practices are quite high. 


CONFLICT OF INTEREST IN 
CONTINUING MEDICAL EDUCATION 


Continuing medical education (CME) programs are 
designed to deliver credits to learners who participate in 
enhancing their knowledge and competency to practice 
medicine. CME credits are typically required to renew med- 
ical licensure. The Accreditation Council for Continuing 
Medical Education (ACCME) is the governing body that 
accredits institutions to oversee and run CME programs. 
Conflict of interest can be part of this process in two gen- 
eral categories. First, individuals invited to speak at a pro- 
gram may have worked on a technology in which they 
have a financial interest, which can impact the objective 
presentation of information. Second, companies often 
support programs through contribution of funds, which 
help to underwrite the event. This may come in the form 
of direct support for the program activity or in the form of 
paying to be able to set up a marketing display at the event. 
Marketing displays must be physically separated from the 
presentation of educational material. 

Each organization that runs an event for credit must 
have a policy that governs these conflicts in accordance 
with oversight of the ACCME. The ACCME requires that 
all individuals in a position to oversee the educational 
content of a CME event disclose any “relevant financial 
relationships.” The financial conflicts of interest may be 
in any amount occurring within the last 12 months. To 
be pertinent, relevant conflicts of interest must also affect 
the content of the presentation. Relevant conflicts also 
include financial or other interests held by a spouse or 
partner. Individual institutions must develop a specific 
policy on faculty disclosure and an oversight process to 
vet disclosures. Valid disclosure typically pertains to salary, 
royalties, intellectual property rights, consulting fees, hon- 
oraria, ownership interest, employment or management 
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positions, speaking fees, consulting fees, or advisory panel, 
review panel, or board memberships. If such a relationship 
is identified, it is still valid for a speaker to deliver content 
at a CME meeting as long as the presentation and/or slides 
are reviewed in advance by a person who is impartial. The 
validation process generally includes review of literature 
cited to make sure it is objective, surveying the presented 
information to assure balance, and assessing the presenta- 
tion to assure that it is nonpromotional (18). 


SPECIFIC RULES GOVERNING 
CONFLICTS IN INDUSTRY 


The topic of rules governing conflicts of interest between 
industry and the medical profession is complex, as require- 
ments can take many forms. In this emerging area, require- 
ments can come from many different sources. This section 
provides an overview of some of these requirements. The 
intention is not to be all-inclusive, which in this rapidly 
developing area is not possible, but instead to help raise 
awareness of the potential sources for and common types 
of these varying requirements. 

At the federal level, the antikickback statutes require that 
industry not provide unlawful inducements to health care 
professionals for the purchase of products. The antikick- 
back statutes prohibit for the health care industry some 
practices which may be common in other industries. These 
statutes contain criminal prohibitions against payment 
(or the solicitation of payment) in any form, whether 
direct or indirect, for the referral or purchase of any item 
or service that is reimbursable under a federal health care 
program. As such, their scope is broad (19). 

These requirements are further illuminated in the Office 
of Inspector General for the U.S. Department of Health and 
Human Services (OIG) Compliance Program Guide for 
Pharmaceutical Manufacturers. This guide provides practi- 
cal examples in many areas of activity, including discounts, 
product support services, educational grants, research 
funding, business courtesies (entertainment, travel, meals, 
gifts, etc.), and samples. As such, the guide provides a road 
map to industry and the physician community of the types 
of activities that may be risky or prohibited as applied to 
the vast array of different types of health care professionals’ 
relationships with industry (20). 

The pharmaceutical and medical device industries 
have also been self-policing, with trade associations and 
their members adopting the Code on Interactions with 
Healthcare Professionals (PhRMA Code) and Code of 
Ethics on Interactions with Health Care Professionals 
(AdvaMed Code), respectively (21,22). These codes are 
meant to provide a practical framework by which industry 
can maintain compliance with the complex requirements 
of the federal antikickback statutes, among others. These 
codes not only require industry to maintain a compli- 
ance program but provide practical guidance in the areas 
of product training and education, educational conference 


support, sales, promotional and business meetings, con- 
sulting arrangements, royalty payments, prohibitions on 
entertainment and recreation, guidelines for modest meals, 
educational items and prohibitions on gifts, provision 
of coverage, reimbursement and health economics infor- 
mation, research and educational grants and charitable 
donations, and evaluation and demonstration products. 
The two industry codes cover industry behavior and dif- 
fer slightly in content, taking into account the differences 
between the two industries, which is why medical device 
sales representatives and pharmaceutical sales representa- 
tives may interact with health care professionals in slightly 
different ways. 

States have increasingly begun to promulgate legislation 
in the area as well, with requirements aimed at industry 
behavior. These requirements typically take one of two 
forms: (a) conduct requirements that regulate manufac- 
turer’s interactions with health care professionals and (b) 
disclosure requirements that require manufacturers to 
report the amount of certain spending, such as consulting 
agreements, provision of educational items, meals, and 
product training, among other things, to certain recipients 
including physicians. Some states require both conduct 
and disclosure requirements and in several instances those 
conduct requirements in effect codify, or make into law, 
the existing industry codes. There are currently 10 jurisdic- 
tions that have laws in this area. California, Connecticut, 
Massachusetts, Minnesota, Nevada, and Vermont have con- 
duct requirements, while Colorado, Maine, Massachusetts, 
Minnesota, Vermont, Washington DC, and West Virginia 
have public disclosure requirements (23). 

In addition to state law, a relatively unpublicized pro- 
vision of the Obama administration’s health care reform, 
the Patient Protection and Affordable Care Act, com- 
monly referred to as the “Sunshine Act,” extends disclosure 
requirements at the federal level to physicians and teaching 
hospitals while including some conduct requirements as 
well. Effective January 1, 2012, pharmaceutical and medi- 
cal device companies will need to collect and report pay- 
ments to physicians and teaching hospitals for consulting 
fees, compensation for services, honoraria, gifts, entertain- 
ment, food, travel, education, research, charitable contri- 
butions, royalty or license fees, ownership or investment 
interest, speaker fees, grants, and anything else defined 
in the regulations. These requirements are sweeping and 
reports will be done at the individual recipient level to pro- 
vide greater transparency of these relationships, which will 
be published by the federal government on a publically 
available and searchable database (24). 

Conflict of interest rules are not confined to industry. 
CME has long been overseen by ACCME, which provides 
strict requirements to help insure that CME programs 
are fair, balanced, and independent of commercial bias 
and influence, while still allowing industry support (25). 
ACCME requires that commercial support associated with 
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any CME activity be given with full knowledge of the edu- 
cational provider. Social events associated with CME activi- 
ties must be subordinate to the educational component 
of the meeting. Product promotion is prohibited during 
the CME activity and any promotional activity or product 
advertisement must occur in a space separate from the edu- 
cational event space. In this manner, CME events can pro- 
vide objective information that can be used by physicians 
to independently evaluate practices and procedures with- 
out the shadow of any actual or perceived conflicts with 
industry, while allowing industry to continue to provide 
valuable support of educational events. 

Medical societies have also gotten into the act. For 
example, the Council of Medical Specialty Societies in April 
2010 developed a Code for Interactions with Companies 
(26). These guidelines apply to the individual specialty 
societies that belong to the council and establish core 
principles to help minimize actual or perceived conflicts 
of interest. The principles for interaction with industry 
include independence, transparency, accepting charitable 
contributions, accepting corporate sponsorships, society 
meetings, research grants, clinical practice guidelines, jour- 
nals, advertising, and licensing. In this manner, by setting 
standards which medical specialty societies can adapt and 
adopt, the council helps to ensure that society members’ 
interactions with companies remain focused on the ben- 
efit of patients and members and the improvement of 
patient care. 

Likewise, the American Academy of Orthopedic Surgeons 
(AAOS) has recently developed some new disclosure rules, 
which are notable in requiring public disclosure and pro- 
viding a publically available searchable online database. In 
announcing the new database in December 2009, AAOS 
acknowledged that it is responding to increasing public and 
government scrutiny of the relationship between orthope- 
dic surgeons and industry. The enhanced policy requires 
each participant in an AAOS CME program, or author, and 
members of AAOS governance groups to disclose all poten- 
tial conflicts of interests. Using a uniform format, these 
participants are responsible for recording their relation- 
ships with commercial entities relating to orthopedics and 
must review and update this information at least semiannu- 
ally. Information to be provided includes royalties, speak- 
ers bureaus, industry employment, consulting (paid or 
unpaid), stock options, research support, and other finan- 
cial support. Failure to participate can result in the physician 
being asked to not participate in the program or gover- 
nance group. The information in the AAOS Orthopaedic 
Disclosure Program is available both to members and to the 
public, and individual disclosures are included in meeting 
materials (27). 

The American Academy of Otolaryngology—Head and 
Neck Surgery has promulgated a Statement of Principles 
and Code of Ethics (Code) that succinctly addresses indus- 
try relations: 
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“This Code of Ethics does not seek to restrict legal trade 
practices. However, a physician’s commercial or financial 
interests should never be placed ahead of the interests and 
welfare of patients. Conflicts of interest undermine the trust 
that patients place in their physician. For this reason, phy- 
sicians should endeavor to avoid any venture that creates 
a conflict of interest between personal financial interests 
and the best interests of the patient. Conflicts that develop 
between a physician’s financial interests and the physician’s 
responsibilities to the patient should be resolved to the 
benefit of the patient.” 


The Code also covers inventions and fee-setting, among 
other topics (28). 

Institutions are also developing conflict of interest and 
disclosure requirements—and are making headlines as 
they do so. In late 2008 the Cleveland Clinic led the way 
by becoming the first major medical center to announce 
that they would be making a complete disclosure of doc- 
tors’ and researchers’ financial ties to industry on their Web 
site (29). In 2009 Harvard University—affiliated hospitals 
adopted new conflict of interest guidelines, which forbid 
industry gifts and ban meals and doctors’ participation 
in speaker programs (30). Harvard Medical School has 
followed suit, banning faculty members from giving pro- 
motional talks or accepting personal gifts, travel, or meals 
from industry and placing strict limits on the income fac- 
ulty can earn from consulting, joining boards, and other 
work with industry while publically disclosing payments 
of more than $5,000. Johns Hopkins has addressed this 
issue by prohibiting gifts, entertainment, and food; barring 
sales representatives from patient care areas; only allow- 
ing invited sales representatives into their facility; and 
requiring donations to be made to the institution rather 
than individual doctors (31). Stanford University School 
of Medicine has made public its faculty members’ income 
from consulting with outside groups and royalty payments 
for inventions (32). 

Institutions that address institutional as well as indi- 
vidual conflicts may well be ahead of the curve. In January 
2011, the OIG reviewed the NIH grant process and con- 
cluded that there are currently no federal requirements 
that grantee institutions identify, report, or manage actual 
or potential institutional conflicts (33). Since 1995, 
there have been federal regulations regarding investiga- 
tors’ and researchers’ conflicts of interest and requiring 
that those conflicts be managed, but the report found a 
dearth of guidance—and written policies and procedures 
at the grantee institution level—to address institutional 
conflicts. The report concluded that the NIH lacks infor- 
mation on institutional conflicts and their impact on NIH- 
sponsored research and recommended new regulations to 
address these issues. Additional activity in this area can be 
anticipated as members of congress, particularly Senators 
Grassley and Baucus, continue to advocate for aggressive 
oversight. 
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Given the number and types of entities, ranging from 
industry associations to medical societies to health care 
institutions and even state and federal government that 
are involved in crafting rules regarding conflicts of interest, 
physicians need to stay constantly on top of these require- 
ments. As this area has become increasingly complex, the 
best advice may be to remain cognizant of the changing 
landscape and seek appropriate guidance when necessary. 


BEST PRACTICES 


Advancing health care goals and improving patient care 
depends in part on close collaboration between health care 
professionals and industry. As these relationships become 
increasingly complex, it is more important than ever to 
insure that actual or perceived conflicts of interest are 
appropriately addressed. The integrity of the relationship 
between patient and physician must always be preserved. 
At the same time, avoiding even the appearance of a con- 
flict and abiding by the increase in transparency require- 
ments helps maintain public—and patient—trust. 

The first step is awareness. Be vigilant about activities 
that, by their nature, may lead to a perceived conflict. In so 
doing, retain common sense and put yourself in the shoes 
of the public. A good test for any activity is “what would 
this look like as a headline in tomorrow’s newspaper?” 

Be educated about these emerging requirements. There 
are many sources for information. Begin with your local or 
national medical society. Both AdvaMed and PhRMA main- 
tain public Web sites full of accessible information about 
their respective code requirements (21,22). The health care 
institutions with which you are affiliated may maintain 
policies that directly or indirectly govern conduct with or 
disclosure of the industry affiliations of staff, so make sure 
that applicable policy manuals are checked. Finally, read 
the fine print of any grant that you may be involved with 
to make sure you are knowledgeable about any conflict or 
disclosure requirements. 

Another consideration is transparency. To meet this 
requirement, think about what a typical patient would want 
to know. Transparency helps provide information to make 
informed decisions, maintain trust, and minimize conflicts. 
Expect to see increasing activity in this regard. Transparency 
is here, so carefully consider industry relationships and 
funding through the lens of public disclosure. 

Finally, keeping up with developments and emerging 
requirements is important. To avoid making any missteps, 
stay up to date on what your industry partners and the 
institutions that you work for require. Don’t be blindsided 
by the specter of public disclosure but instead embrace it 
as a way to increase the information available to members 
of the public as they make that all-important decision of 
who they chose to provide their health care. Ultimately, all 
of us—the public, the medical community, and industry— 
will benefit. 


= Conflict of interest is present when a responsible 
individual has private circumstances that influence 
the normal progression of their professional tasks or 
trust. These conflicts may include financial interests 
but may also relate to other benefits or outcomes. 

m= Continuing collaboration between health care pro- 
fessionals and industry is essential to the advance- 
ment of health care through innovation, so it is 
essential to manage conflicts appropriately. 

= Disclosure of conflict is the key element to main- 
taining trust and objectivity. 

m Conflict of interest can occur in publishing, in 
research, in CME, and in the practice of medicine. 
Various organizations have created guidelines to 
help manage conflict of interest including the ICMJE, 
NIH, IOM, ACCME, and the federal government. 

= Institutions, through their investments and business 
interests, can also be subject to conflict of interest 
problems. 

= Medically related industry including medical device 
manufacturers and the pharmaceutical indus- 
try should have internal policies in place to meet 
legal and ethical guidelines designed to minimize 
and manage conflict of interest. These policies 
should encourage the creation of intellectual prop- 
erty and should strive to separate marketing efforts 
from educational and developmental endeavors. 

= Specialty societies including the American Academy 
of Otolaryngology—Head and Neck Surgery have 
created guidelines to help maintain the highest 
standards of professionalism with regard to conflict 
of interest. 
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A 
Aarskog syndrome, 1635-1636 
Abbe flap, in lip reconstruction, 1797, 
1798, 1799f 
Abdominal injuries, secondary survey of 
trauma, 1103-1104 
Abductor spasmodic dysphonia, 
1032-1033 
Ablative resurfacing lasers, 2866-2867 
Ablative therapy, 2622 
Abrasions, soft tissue injuries, 1109 
Abscess(es) 
cerebellar/temporal lobe, 2444 
epidural, 580-581, 581f 
odontogenic infection 
buccal space, 773, 773f 
dentoalveolar, 771, 772t 
submandibular space, 773, 774f 
orbital, 576 
periosteal, 2444 
retropharyngeal, 169, 169f 
subdural, 581, 581f 
subperiosteal, 575, 576f 
Absorbable suture material, 22 
Accent method, voice therapy, 1050 
Acetaminophen, 45-46 
Achalasia, 854-855, 855f 
Achondroplasia, 1636 
Acinic cell carcinoma, salivary gland, 
1765-1766, 1765f 
Acne rosacea, 3215, 3215f 
Acoustic neuroma, 213, 213f 
Acoustic rhinometry, 366, 455-456 
Acoustic stapedial reflex measurement, 
2279-2280 
Acoustic transformer theory, 2466 
Acoustic voice analysis, 1072, 1072f 
Acquired immunodeficiency syndrome. See 
also Human immunodeficiency 
virus infection 
hairy cell leukoplakia, 743 
lymphoma, 2039 
otologic manifestations, 2520 
Sjogren syndrome, 705 
Acral lentiginous melanoma, 1741. See also 
Malignant melanoma 
Acrocephalosyndactyly, type I, 1622-1623, 
1623f 
Actinic cheilitis, 3212, 3215f 
Actinic keratoses, 1726-1727, 1727f, 3212 
treatment of, 3224 
Actinomycosis, 287-288, 287f 
Adaptive immune system, 382-383 


Adductor spasmodic dysphonia, 
1032-1033 
Adenocarcinoma, 2047 
ceruminous, 2369 
salivary gland, 1766 
polymorphous low-grade, 1766 
Adenoid(s). See also Adenotonsillar dis- 
ease, in children 
enlargement of, 1460f 
Adenoid cystic carcinoma, 192f, 1992f, 
2047, 2369 
MRI, 154, 155f-156f 
salivary gland, 1765, 1765f 
tracheal tumors, 1996 
Adenoidectomy, 2225 
adenotonsillar disease, in children, 
1437-1438 
pediatric rhinosinusitis, 1459-1460, 
1460f 
Adenoma 
ceruminous, 2368 
pleomorphic, 2369 
salivary 
basal cell adenoma, 1764 
malignant, 1766-1767, 1766f 
pleomorphic adenoma, 1760-1762, 
1762f 
warthin tumor, 186f 
thyroid, 2120 
Adenoma sebaceum, 3217, 3217f 
treatment of, 3227 
Adenomatoid odontogenic tumor, 
2104-2105 
Adenomatous tumors, of middle ear, 
2370-2372 
Adenotonsillar disease, in children 
clinical practice guidelines, 1440-1441, 
1441¢t 
clinical presentation 
adenoids, 1434 
hypertrophy, 1433-1434 
infections, 1433 
tonsils, 1434-1435, 1435f 
complications, 1439 
contraindications, 1438-1439 
controversy, 1440 
embryology 
components and properties, 1431, 
1432t 
ICA, 1432 
palatoglossus muscle, 1431 
palatopharyngeus muscle, 1431 
pharyngeal pouch, 1430 


structure of, 1430 
Waldeyer ring, 1431, 1431f 
epidemiology, 1430 
immunophysiology, 1432 
management 
infection/inflammation, 1435-1436, 
1436¢ 
sleep disorders/breathing, 1436-1437 
neoplasia, 1433f, 1442 
outcomes, 1436f, 1438 
peritonsillar abscess, 1439-1440 
surgical techniques 
adenoidectomy, 1437-1438 
tonsillectomy, 1437 
Adenotonsillar surgery 
pediatric otolaryngology, 1300-1301 
Adenotonsillectomy, 2225, 2225f 
Adenovirus, 1433 
Adrenal glands 
adrenal insufficiency, 259 
Cushing's syndrome, 259-260 
pheochromocytoma, 260 
primary aldosteronism, 258-259 
secondary aldosteronism, 259 
Adrenal insufficiency, 259 
preoperative management of, 33-34, 34t 
Adrenocorticotropic hormone, 258-259 
Adson forceps, 22 
Advanced trauma life support, 1212 
Adverse event, 3373 
Adynamic ileus, 40 
Aerodigestive tract 
congenital anomalies of 
pathophysiology 
hypopharyngeal/laryngeal, 1308 
nasopharyngeal obstruction, 1306, 
1308f 
oral, 1306-1307 
oropharyngeal, 1307, 1308f 
tracheobronchial and esophageal, 
1308-1309 
postnatal diagnosis 
CT scanning, 1311 
flexible endoscopic evaluation of 
swallowing, 1310-1311, 1311f 
functions of, 1310 
hypopharyngeal/laryngeal, 
1313-1314, 1313f, 1315f 
nasopharyngeal obstruction, 
1311-1312, 1312f 
oral, 1312-1313, 1312f 
oropharyngeal, 1313 
physical examination, 1309-1311 
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Aerodigestive tract (Continued) 
tracheobronchial and esophageal, 
1314-1316, 1315f 
ventilating bronchoscope, 1311, 
1312f 
prenatal diagnosis, 1309, 1309f-1310f 
treatment 
hypopharyngeal/laryngeal, 
1320-1321, 1320f-1321f 
nasopharyngeal obstruction, 
1316-1318, 1316f-1318f 
oral, 1318-1319, 1319f 
oropharyngeal, 1319-1320, 1320f 
principles of, 1316 
tracheobronchial and esophageal, 
1322-1324, 1322f-1324f 
ingestion injury 
chest radiograph, 1405, 1405f 
clinical presentation, 1400 
complications, 1401-1402, 1402f 
diagnosis and treatment, 1400-1401, 
1401t 
disc battery, 1406, 1406f 
foreign-body aspiration, 1402-1403 
mass effect, 1405 
mechanism of, 1399-1400 
treatment, 1404 
upper esophageal sphincter, 1405, 
1405f-1406f 
workup, 1403-1404, 1403f-1404f 
Munchausen syndrome, 1407 
Afferent pupillary defect, midface fracture, 
1213 
Agency for Health Care Quality and 
Research, 3375 
Aging. See also Elderly patients 
ablative therapy, 2622 
auditory system 
dysfunction, 2615-2616, 2616t 
presbycusis, 2616-2618, 2617f, 2617t 
rehabilitation, 2618 
definitions, 298 
demographics and disability, 298-299 
diagnostic evaluation, 2621 
disease and disability, 299-300 
dizziness 
definition, 2615 
differential diagnosis, 2615, 2616t 
etiology of, 2616t 
evaluation of, 2620t 
types of, 2618t 
face, anatomy of, 3104-3105, 3104f 
health care, 302 
management of, 2621-2622 
patient history, 2619, 2619t, 2620t 
physical examination, 2619, 2619t, 
2620t 
physiology of, 3055, 3056f 
vestibular dysfunction, 2620-2621 
vestibular systems, 2618-2619, 2618t 
Air embolism 
as complication of mastoid surgery, 
2463 
Airtraq optical laryngoscope, 901, 901f 
Airway 
larynx and protection of, 951 
stenotic lesions, larynx, 963-964 


trauma to, primary survey of, 
1094-1096, 1095f, 1096f 
Airway endoscopy 
recurrent respiratory papillomatosis, 1415 
Airway management, 246-248 
in lip cancer, 1804, 1804t 
Airway obstruction, 1571-1572 
cleft lip/palate, 1571 
intubation, 917 
Airway pressure release ventilation, 60 
Airway stents, upper airway obstruction, 
890-891 
Alar rim grafts, nasal tip surgery, 2973, 2975f 
Alaryngeal speech, 1978 
Alaska Federal Health Care Access 
Network, 3362, 3362f 
Alcohol use/abuse 
fetal alcohol syndrome and, 1635, 1635f 
surgery in, 46 
Alcohol withdrawal syndrome 
atrial fibrillation, 71-72, 72t 
benzodiazepines, 68 
Clostridium difficile colitis, 70-71, 71t 
contrast-induced nephropathy, 69-70, 
69t, 70f 
gastric acid suppression, 68-69, 69f 
incidence of, 68 
symptoms, 68, 68f 
Aldosteronism 
primary, 258-259 
secondary, 259 
Alexander syndrome, 1536 
Alexander's law, 2685 
Alfentanil, 241 
Allergan, for soft tissue augmentation, 3246 
Allergic fungal rhinosinusitis 
allergic bronchopulmonary aspergillosis, 
567, 569 
clinical presentation, 567 
diagnosis, 567-568 
eosinophilic mucin rhinosinusitis, 569 
fungal cultures, 569 
pathology, 568, 570f 
radiology, 568, 568t, 569f 
treatment approach 
antifungal agents, 571 
endoscopic sinus surgery, 570 
immunomodulation, 570-571 
Allergic rhinitis 
allergen exposure, 551 
antigen processing, 551 
asthma, 379-380, 551 
clinical characteristics, 550-551 
definition, 460 
development of 
allergic response, 398-399, 398f, 399f 
early response, 399 
environmental changes, 396, 397f 
family history, 396 
genetics, 396, 396t 
hygiene hypothesis, 397-398 
late response, 399-400, 400f 
lifestyle changes, 396-397 
diagnosis, 401-402 
allergy testing, 463 
history, 461-462, 462t 
physical findings, 462, 463f 


economic impact of, 379 
epidemiology, 461 
genetics, 460 
immunology of, 460-461 
immunotherapy 
adverse reactions, 404 
allergen tolerance, 404 
allergen-specific immunotherapy, 
402-403 
clinical recommendations for, 404t 
grass pollen immunotherapy, 404 
immune mechanisms, 403-404 
sublingual immunotherapy, 404 
symptoms, 405t 
management 
allergens avoidance, 402 
pharmacotherapy, 402, 403f 
pregnant patients, 402 
nasal and nonnasal symptoms, 551t 
neural component 
nasal cycle, 400 
nasal-ocular reflex, 401 
nasonasal reflex, 400-401 
neuropeptides and neurogenic inflam- 
mation, 401 
prevalence of, 379 
and rhinosinusitis, 538 
symptoms, 379 
treatment of 
environmental control, 463-464 
immunotherapy, 465-466 
pharmacologic therapy, 464, 465t 
surgery, 464-465 
Allergy testing 
allergen extract variability, 413 
allergen selection 
abundance, 413 
arthropod allergy, 414 
cross-reactivity, 413 
inhalant mold allergy, 414 
pollen allergens, 413-414 
potency, 413 
proteins, animal dander, 414 
antigen screens, 414 
interpretion, 419-420, 420f 
negative allergy test, 412 
positive allergy test, 412 
sensitivity and tolerance, 413 
skin testing 
blended techniques, 417-418, 418f 
intradermal, 416-417, 416f 
positive and negative controls, 415 
sIgE testing, 418-419, 419f 
skin prick tests, 415-416, 415f 
total IgE, 419 
Alloderm, 53 
Alloplast implantion, 3181-3183, 3182f, 
3183f 
Alopecia 
following forehead lift, 3071 
medical treatment of, 3229-3230 
thytidectomy, 3127, 3128f 
surgical treatment of 
anesthesia, 3231 
autograft hair transplantation, 
3231-3234 
female pattern hair loss, 3231 


hair-replacement surgery, 3230-3231 
juri flap, 3236-3237 
patient evaluation, 3230 
scalp reduction, 3234-3235 
tissue expansion, 3235-3236 
Alport syndrome, 125, 1636 
hearing loss in, 1543t, 1551 
Alternative medicine. See Complementary 
and alternative medicine 
Alveolar bone grafting, 1562, 1568 
Alveolar nerve, inferior, nerve blocks 
of, 237 
Alveolar rhabdomyosarcoma, 2373 
Amblyopia, 230 
Ambulatory quality alliance, 
3375-3376 
Ameloblastic fibroma, 2106, 2106f 
Ameloblastoma, 2102-2104, 2103f 
American college of chest physicians, 
1348 
Aminoglycosides, 133, 2542, 2545 
Amiodarone, 37 
Amphotericin B 
acute invasive fungal rhinosinusitis, 561 
Amplification, subjective nonpulsatile tin- 
nitus, 2602 
Amyloidosis, 294-295, 981, 981f 
Amyotrophic lateral sclerosis, 208-209, 
209t, 1037 
Anaerobes, 134 
Anaplastic carcinoma, 2120-2121 
Anesthesia 
airway Management, 246-248 
anesthesia monitoring 
anesthesia machine, 244-245 
depth of anesthesia, 246 
emergencies, 244f 
hemodynamic, 245-246 
intraoperative, 245 
temperature control, 246 
antiemetics, 244 
endoscopic procedures, 248 
general. See General anesthetic agents 
and intraoperative monitoring of facial 
nerve, 2326 
intravenous sedative agents, 241 
local, 1110-1111 
local anesthesia. See Local anesthesia 
narcotic agonists and antagonists 
alfentanil, 241 
fentanyl, 241-242 
morphine, 241 
naloxone, 242 
remifentanil, 242 
sufentanil, 241 
neuromuscular blocking agents, 242t 
categories, 243 
cisatracurium, 243 
edrophonium, 243 
pancuronium, 243 
succinylcholine, 243 
sugammadex, 244 
tubocurarine, 243 
preoperative preparation, 248 
regional, 1111, 1111f 
Aneuploidy, 122 
Angelman syndrome, 121 


Angiofibroma 
juvenile 
diagnosis of, 2025, 2026f 
endoscopic and endoscopic-assisted 
approaches, 2028 
epidemiology and pathogenesis, 2023 
growth patterns, 2024-2025, 2024f, 
2025f 
open surgery, 2027-2028, 2027t 
radiation therapy, 2028 
staging, 2025-2026, 2027¢ 
surgical approaches, 2026-2027 
nasopharyngeal, 440, 441f 
Angiogenesis, wound healing, 79 
Angiography, paraganglioma, 2006-2008, 
2008f, 2009f 
Angiolytic lasers, 52 
Angiomas 
cherry, 3216 
spider treatment of, 3227 
Angiosarcoma 
epidemiology, 2019-2020 
etiologic factors, 2020, 2020t 
molecular analysis, 2020-2021 
pathology, 2020 
staging, 2021, 2021t 
treatment, 2021-2023, 2022f 
Angle, of mandible 
fracture 
management, 1196f, 1202-1203, 
1203f 
transoral approach, 1189, 1190f 
Angular cheilitis, 740, 740f 
Angular vestibuloocular reflex 
Méniere syndrome, 2703 
Animal-scratch disease, salivary glands, 
704-705 
Ankyloglossia, 1318 
Ann Arbor staging system, 2035, 2035t 
Anosmia, 373-374 
Anotia, otoplasty, 3146, 3146f 
Anterior airway, larynx, 870f 
Anterior glottic stenosis, 884, 884f 
Anterior neck dissection, 1820 
Anterior saccular cyst, 986f 
Anterolateral thigh flap, 2828-2830, 
2829f 
Antibiotic sore mouth, 740 
Antibiotics 
in acute rhinosinusitis, 543-544 
chronic rhinosinusitis, 588-589 
diarrhea, 40 
odontogenic infection, 779, 780t 
preoperative, 22-23, 23t 
wounds, 1111-1112 
Anticholinergics, chronic rhinosinusitis, 
591 
Anticoagulants 
preoperative management in use of, 
29-30 
in thromboembolic disease, 31 
Antidepressants 
subjective nonpulsatile tinnitus, 2603 
tobacco cessation, 335 
Antidiuretic hormone, 252-253 
syndrome of inappropriate secretion 
of, 34 
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Antiemetics, 244 
Antifungals, 133-134 
Antihistamines, 464, 590 
Anti-inflammatory agent, sudden sensori- 
neural hearing loss, 2592 
Antimicrobial agents, 131-138 
aminoglycosides, 133 
antifungals, 133-134 
antiviral agents, 134 
cephalosporins, 131, 132t 
clindamycin, 132 
croup, 138 
fluoroquinolones, 133 
macrolide, 134 
Otitis externa, 136-137 
otitis media, 135-136 
penicillins, 131, 132t 
peritonsillar abscess, 138 
pharyngitis, 138 
salivary gland infections, 138 
sinusitis, 137, 138f 
supraglottitis, 138 
trimethoprim-sulfamethoxazole, 133 
upper respiratory infections, 134-135 
vancomycin, 133 
Antiviral agents, sudden sensorineural 
hearing loss, 2592 
Antley-Bixler syndrome, 1636 
Antral lavage, pediatric rhinosinusitis, 
1460 
Antrostomy 
inferior meatal, complications of, 1460 
pediatric rhinosinusitis, 1460 
Aortopulmonary window metastatic 
lymphadenopathy, 146f 
Apert syndrome, 1622-1623, 1623f 
Aphakia, 221 
Aphthous stomatitis, recurrent, 749-751, 
749f-751f, 750t 
Apligraf, 53 
Apnea, after neck dissection, 1832 
Appendicular coordination, 2722 
Arachnoid cyst, 2577 
Arcanobacterium haemolyticum infection, 
765 
Arnold-Chiari malformation, 1034, 1035f, 
1320, 2729 
Arterial supply 
facial nerve, 2505 
to nose, 2924-2925 
Arteriosclerosis, 232 
Arteriovenous fistula, 2608, 2608f 
Arteriovenous malformations, 1586-1587, 
1586f 
Arthritis, rheumatoid. See Rheumatoid 
arthritis 
Arthrocentesis, temporomandibular joint, 
789 
Arthropod allergy, 414 
Arthroscopy, temporomandibular joint, 
789-790 
Arytenoidectomy, 885, 885f 
Arytenoids 
abduction of, for bilateral vocal fold 
immobility, 1022 
larynx and, 945-947 
Aspergillosis, 134 
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Aspiration, 859-866 
diagnosis 
endoscopy, 1345 
laryngeal clefts, 1345-1346 
radiology, 1345 
tracheoesophageal fistula, 1346 
diagnosis of, 860t 
etiology of, 859-860 
evaluation of, 861, 861f 
identification of, 859, 860t 
laryngeal closure procedures, 864-866, 
865f, 866f 
management, 1346, 1347t 
management of 
decision making in, 861-862 
initial, 862t 
sensory loss, 861 
sialorrhea, control of, 1346-1347 
swallowing, 860-861, 860f 
therapeutic options 
esophageal run-off, 863 
esophageal strictures, 863-864 
glottic closure, 862-863 
nonoral feedings and airway manage- 
ment, 862, 862t, 863f, 863t 
tracheostomy, 861 
upper esophageal sphincter, 864 
Zenker diverticulum, 864 
Aspiration biopsy. See Biopsy 
Aspirin, 28, 33 
Aspirin exacerbated respiratory disease, 
531-532 
Assistive listening devices. See Hearing aids 
and assistive listening devices 
Ataxia, 1034, 2722 
Atelectasis, 2476-2477 
postoperative management, 38-39 
preoperative management of, 38 
Atelectatic sinus, 428, 429f-430f 
Atenolol, 35 
Atherosclerotic carotid artery disease, 2608 
Atresia 
aural. See Aural atresia, congenital 
choanal. See Choanal atresia 
esophageal, 1322 
Atrophic rhinitis 
clinical findings, 482 
diagnosis, 483 
inferior turbinate hypertrophy, 619 
K. ozaenae, 483 
pathophysiology, 482 
primary form, 482 
secondary form, 482 
treatment, 483-484 
Atropine, 37 
Audiogram, in otosclerosis, 2490, 2491f, 
2492f 
Audiologic test battery, 2274-2280 
Audiometry. See also Hearing evaluation 
otitis media, 1480-1481 
pure-tone, 2274-2277, 2275f 
speech, 2277-2278 
Auditory brainstem audiometry, 1481 
Auditory brainstem implant 
complications, 2649 
indications, 2648 
outcomes, 2650 


overview of, 2647 
patient history, 2647-2648 
principles of, 2648, 2648f 
surgery, 2648-2649, 2649f, 2650f 
Auditory brainstem response, 1524, 
2280-2282, 2281f, 2282f, 
2315-2317, 2316f-2319f 
testing, 1510-1512 
auditory neuropathy spectrum disor- 
der, 1511 
auditory steady-state response, 
1511-1512 
measurement, 1510-1511 
used for, 1510 
Auditory canal 
external 
development of, 2241 
embryology of, 2384 
and pinna, neoplasms of, 2365-2370 
internal 
neoplasms of, 2376-2381 
Auditory evoked potentials 
recording options, 2317 
Auditory evoked responses, 2280-2284, 
2281 f-2283f 
cortical, 2283-2284 
Auditory function, peripheral and central, 
assessment of, 2274-2289 
Auditory nerve, physiology of, 2263, 2264f 
Auditory neuropathy, 1545 
Auditory neuropathy spectrum disorder, 1533 
Auditory processing disorders 
assessment of, 2285-2286 
central auditory nervous system 
dysfunction, 2285 
test battery, 2285-2286 
Auditory steady-state response, 1511-1512, 
2270-2271 
Auditory system, aging 
dysfunction, 2615-2616, 2616t 
presbycusis, 2616-2618, 2617f, 2617t 
rehabilitation, 2618 
Aural atresia, congenital 
audiometric evaluation of, 2386-2387 
classification of, 2386 
computed tomography, 2387 
grading system for, 2389t 
medical management, 2387 
patient evaluation in, 2386 
physical examination in, 2386-2387 
surgery for, 2387-2390 
facial nerve monitoring during, 2328, 
2328¢ 
patient selection, 2388-2389, 2389t 
timing of, 2389 
unilateral and bilateral, repair of, 
2387-2388 
technique of, 2390-2394 
drilling canal in, 2390-2391, 2391f 
incision, 2390 
Aural immittance (impedance) 
measurement, 2278 
Auricle(s) 
acid burn, 2347 
anatomy and embryology, 3161, 3162f, 
3163f 
anatomy of, 2333, 2334f 


congenital malformations 
classification, 3168-3169, 3168f 
complications, 3171-3172, 3174t 
emergencies, 3174t 
surgical reconstruction 
atresia repair, 3171, 3172f 
auricular elevation, 3171, 3173f, 3174f 
auricular reconstruction, 3170, 
3170f, 3171f 
Brent and Nagata technique, 3170 
lobule transposition, 3170, 3171f, 
3172f 
microtia, 3169-3170 
polyethylene implants, 3170 
preoperative planning, 3171 
radiologic examination, 3170 
reconstructed ear, 3174f 
tragal construction, 3170, 3173f 
development of, 2239-2240 
anomalies, 2240-2241 
major malformation, 2386 
minor malformation, 2386 
sharp trauma, 2346-2347 
Auricular cartilage graft, 2470 
Auricular injury, 1123-1126, 1123f-1125f 
Auriculotemporal nerve, 695 
Autografts 
hair transplantation 
donor hair removal, 3231-3232 
donor-site removal, 3232 
recipient site, 3232-3233 
sequelae and complication, 3233-3234 
for soft tissue augmentation, 3245 
Autoimmune inner ear disease, 2591 
clinical presentation, 2524 
corticosteroid therapy 
cyclophosphamide, 2526 
etanercept, 2525 
intratympanic steroid therapy, 2526 
limitations, 2525 
low-dose methotrexate, 2525 
patterns of response, 2525 
prednisone, 2525 
diagnosis, 2524-2525 
differential diagnosis, 2524 
epidemiology, 2523 
pathophysiology, 2523-2524 
Autoimmune neurologic diseases 
myasthenia gravis, 211-212 
Susac syndrome, 212-213, 213f 
Autonomic rhinitis, 482 
Autosomal dominant inheritance, 1618f 
Autosomal recessive inheritance, 1618f, 1619 
Aviation safety movement, 3256-3257 
Aviation safety reporting system, 3258 
Avitene, 52 
Avulsion, soft tissue injuries, 1109 
Ayurveda, 319 
Azelastine, 471 


B 
Bacillary angiomatosis, 283-284 
Bacterial infections 
acute bacterial sialadenitis, 1467 
pharyngitis due to, 758-761, 760f, 765 
tuberculosis, stomatitis, 743-744 
Bacterial laryngitis, 978-979, 979f 


Bacterial meningitis, 1530 
Bacterial pyoderma, 3198 
Balloon catheter dilation procedures 
complications, 649 
Balloon sinuplasty, 600-601 
Barbiturates, 42, 42t, 46, 240 
Bard-Parker handle, 22 
Barium swallow, 165, 166f 
to demonstrate aspiration, 861, 861f 
modified, of upper aerodigestive tract, 165 
Basal cell nevus syndrome, 2102 
Basal-bolus insulin treatment, 31, 32t 
Basaloid squamous cell carcinoma, 191f 
Basic surgical principles 
antibiotic selection, 22-23, 23t 
informed consent, 20 
patient positioning and exposure, 22 
postoperative care, 23 
preoperative assessment and evaluation 
anticoagulation and antiplatelet 
therapy, 20 
beta-blockade, 18, 20 
cardiac evaluation and care algorithm, 
18, 19f 
clinical risk factors, 18 
energy requirements, 18, 19f 
functional capacity, 18 
pulmonary evaluation, 20 
renal and hepatic function, 20 
suture material, 22 
sterile technique, 21 
surgical instruments 
forceps, 22 
scalpels, 21-22 
scissors, 22 
universal precautions, 20-21 
venous thromboembolism prophylaxis 
complications, 23-24 
incidence, 24 
risk profiles, 24, 24t 
Basilar migraine, 2727-2728 
Beals syndrome, 1636 
Beaver handle, 22 
Beckwith-Wiedemann syndrome, 120-121, 
1636 
Bedside swallow evaluation 
acute stroke, 828 
examination and observation, 827 
feeding history, 825-826 
flexible endoscopic evaluation of 
swallowing 
epiglottis tip, 828, 828f 
equipment requirement, 828 
FEESST versus fluoroscopy, 830t 
laryngeal adductor reflex, 828-829 
patient position, 828 
penetration aspiration scale, 830, 830t 
pharyngeal squeeze maneuver, 
828-829, 829f 
premature spillage, 830 
rising tide sign, 830 
videofluoroscopic swallow study, 831 
oral cavity and oropharynx, 827 
silent aspiration, 827-828 
used for, 825 
Behavior observation audiometry, 1513 
Behavioral audiometry, 1481 


Behcet disease, 278, 748 
Behind-the-ear hearing aids, 2660, 2660f, 
2661f, 2667, 2667f 
Bell palsy, 2510-2512 
Benedikt syndrome, 202 
Benign esophageal neoplasms, 857 
Benign mixed tumor 
of salivary gland, 1760, 1766, 1766f 
Benign necrotizing otitis externa, 137 
Benign nonepithelial tumors, 2048 
Benign paroxysmal positional vertigo, 
2708-2710 
Benign salivary neoplasia, 984 
Benign vocal fold lesions, professional 
voice, 1067-1068 
Benjamin-Inglis classification, 1321 
Benzodiazepines, 42, 42t, 65, 65f, 241 
Bernard cheiloplasty, Webster modification 
of, 1800, 1801f 
B-blockade therapy, preoperative, in car- 
diac abnormalities, 35 
Betahistine 
Ménieére syndrome, 2704 
Bethesda system, thyroid cytopathology, 
2118t 
Bicoronal flap incision, 2059f-2060f 
Bifrontal craniotomy, 2087 
Bilateral vestibular hypofunction, 2712 
Bilateral vocal fold immobility 
clinical presentation and evaluation, 1017 
fiberoptic laryngoscopy, 1018, 1018f 
history, 1018-1019 
imaging, 1019 
laryngeal electromyography, 1019 
laryngoscopy and palpation, 
1019-1020, 1020f 
physical examination, 1019 
serology, 1019 
etiology of, 1017, 1017¢, 1018t 
management 
airway, 1020 
long-term surgical solutions, 
1021-1022, 1021f 
temporizing (reversible) treatments, 
1020-1021 
Bilevel positive pressure (BIPAP), 2175 
Bilobed flaps 
in cutaneous nasal defects, 2877, 
2879-2880, 2882f 
Binder syndrome, 1636 
Bing-Siebenmann malformation, 1536 
Biofilms, 1486-1487 
Biologic and mechanical creeps, 2850, 2851t 
Biologic materials, as implants, 2785t, 
2787 
Biopsy 
cutaneous lesion, 178-179 
of lip, 1790, 1791, 1791f, 1793 
of lymph nodes, 1813, 1814 
sentinel node, 1814-1815 
mucosal sites, 179 
neoplasms, 2049 
of salivary gland 
fine-needle aspiration, 1769, 1769t 
surgical, 1770 
subcutaneous masses, 179-180 
Bishop-Harmon forceps, 22 
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Bisoprolol, 35 
Bites, soft tissue injuries, 1127-1128 
Bivalirudin, 29 
Blastomycosis, 290 
Bleeding. See also Hemorrhage 
as complication of mastoid surgery, 
2463 
intraoperative and postoperative, 
testing/management in, 30 
percutaneous dilatational tracheotomy, 
942 
Blepharitis, 224 
Blepharochalasis, 3076 
Blepharoplasty 
lower eyelid 
canthopexy and canthoplasty, 3095, 
3096f, 3097 
complications of, 3099-3100 
dermatochalasis, 3086, 3086f 
double convexity deformity, 3086, 
3088f 
dy eye symptoms, blurry vision and 
chemosis, 3100, 3100f 
ectropion and entropion, 3086, 
3087f 
fat grafting, 3099 
festoons, 3086, 3088f 
hyaluronic acid fillers, 3099, 3099f 
infection of, 3101 
laxity, 3086, 3087f 
lid position abnormalities, 3100-3101, 
3101f 
malar mounds, 3086, 3088, 3088f 
midface lift, 3099, 3100f 
milia, 3101 
negative vector, 3086, 3087f 
orbicularis hypertrophy, 3086, 3087f 
orbital fat pseudoherniation/ palpebral 
bags, 3085-3086, 3086f 
patient selection and examination, 
3088-3089, 3089f-3091f 
photography, 3089, 3091f 
preseptal hematoma, 3101, 3101f 
preseptal transconjunctival technique, 
3092, 3093f, 3094, 3094f 
resurfacing, 3097-3098, 3099f 
retroorbital hematoma, 3101 
scleral show, 3086, 3087f 
skin flap technique, 3095 
skin-muscle flap 
technique for, 3094-3095, 3094f, 
3095f 
transcutaneous approach, 3094, 
3094f 
surgical procedure for, 3091 
tear trough deformity, 3086, 3087f 
toxoallergic blepharoconjunctivitis, 
3101 
transconjunctival approach, 3091- 
3092, 3092f, 3093f 
upper eyelid 
complications of, 3084 
patients history, 3077-3078 
periocular rejuvenation, 3081, 3081f 
photography, 3081 
physical examination, 3078-3081, 
3080f 
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Blepharoplasty (Continued) 
surgical anatomy of 
levator muscle and Miller muscle, 
3076-3077 
orbicularis oculi muscle hyperfunc- 
tion, 3074-3075, 3075f 
periorbital musculature, 3075, 3076f 
postseptal orbital compartment, 
3076, 3076f 
tarsal plate level, 3077, 3078f 
upper eyelid-brow complex, 3074, 
3075f 
surgical technique, 3081-3083, 3082f, 
3083f 
Blindness. See Vision loss 
Blood components 
preoperative transfusion of, 27-28, 27t 
Blood dyscrasia, ocular manifestations 
of, 227 
Blood supply, eyelids, 4-5 
Blood vessels 
of forehead, 3053, 3054f 
sinus surgery complications, 658 
Blow-out fracture 
demographics and etiology, 1227-1228, 
1228f 
surgical indications, 1231 
Blowout, jugular vein, after neck dissec- 
tion, 1834 
Blue nevus, 3219, 3220f 
treatment of, 3228 
Blunt injuries, traumatic disorders, 
external ear, 2346 
Body dysmorphic disorder, 2759 
Body, of mandible fracture, 1196f, 1202 
Bone(s) 
anchored hearing system 
complications, 2641 
conductive or mixed hearing losses, 
2640 
single-sided deafness, 2640 
surgery, 2640-2641, 2641f 
contour, forehead, 3057 
lesions 
fibrous dysplasia, 292-293, 293f 
ossifying fibroma, 293 
Paget disease, 293-294 
vaults, nasal dorsum 
anatomy, 2953 
defects of, 2956, 2956t 
grafts, 2961-2962 
hump reduction, 2959-2960, 2960f 
iatrogenic deformities, 2956t, 2959 
osteotomies, 2960-2961, 2961f, 2962f 
Bone healing, 1153-1154 
BOR syndrome, 124 
Borderline personality disorder, 2759 
Botox 
for brow adjustment, 3243 
complications associated with, 
3243-3244 
contraindications, 3241 
cosmetic applications of, 3241-3242 
in glabellar rhytids, 3242 
indications, 3241 
and injectable fillers, cosmetic uses of, 
3239-3250 


in lateral periorbital rhytids, 3242-3243, 
3243f 
mechanism of action, 3241 
for platysmal banding, 3243 
in transverse forehead rhytids, 3242, 
3242f 
in vertical lip rhytids, 3243 
Botryoid tumors, 2373 
Botulism, 1041-1042 
Bovine collagen, for soft tissue augmenta- 
tion, 3245 
Bowen disease, 1727 
Boxcar sign, 222 
Brachytherapy. See also Radiation therapy 
in recurrent nasopharyngeal cancer, 
1886, 1888-1893, 1889f 
Braided suture, 22 
Brain, 305-306, 306f. See also Central 
nervous system 
Brain abscess, 2405-2406 
Brain herniation 
in cholesteatoma, 2444 
Brainstem, vestibular, 2299-2300 
Branchial cleft anomalies 
anatomic pathways, 1608, 1608t 
branchial cleft lesions, 1608-1609, 1609f 
CT scan, 1609, 1609f 
pyriform sinus, 1609, 1609f 
seventh nerve dissection, 1608, 1608f 
surgical exposure of, 1607, 1608f 
Branchiootorenal syndrome, 1533-1534, 
1543t, 1548, 1611-1612, 1611, 
1623-1624, 1624f 
Breathing. See also Respiration 
sleep-disordered. See Sleep-disordered 
breathing 
trauma and, primary survey of, 1097, 
1097f, 1098f 
Bronchiectasis, in Kartagener syndrome, 
1629 
Bronchoscope, 1311, 1312f 
Brow(s) 
adjustment of, Botox for, 3243 
asymmetries of, forehead lift and, 3057 
Brow lift 
browpexy, 3067 
chemical, 3243 
direct, 3065, 3065f, 3066f 
indirect, 3066-3067 
surgical procedure for, 3067 
technique for, 3066, 3066f 
and upper blepharoplasty, surgical pro- 
cedure for, 3061 
Browpexy, 3067 
Brucellosis, 284 
Brun nystagmus, 2685 
Buccal space, odontogenic infection, 773, 
773f, 774 
Bulbar palsy, 1037 
Bullard laryngoscope, 900, 900f 
Bullous pemphigoid, 745, 745f 
Bupivacaine, 46, 236 
Burning mouth syndrome, 753, 753t 
Burns 
ocular trauma, 229 
oral cavity cancer, 1869-1870 
soft tissue injuries, 1128 


Business law, 3270-3301 
compliance and regulatory issues 
compliance programs, 3284-3285 
enforcement, 3282-3283 
federal health care fraud and abuse 
laws, 3282 
law applications, 3284 
medical liability 
claims in the United States, 3271-3272 
health care costs, 3280-3282 
medical malpractice insurance, 
3276-3278 
medical malpractice litigation 
expert witnesses, 3274-3275 
general legal background, 
3272-3273 
Hobson’s choice, 3275 
presuit, 3273 
settlement versus trial, 3275 
suit filed, 3273-3274 
trials, 3275-3276 
tort reform, 3278-3279 
medical malpractice, 3271 
operational issues 
hospital call, 3299-3300 
office electronic medical records 
meaningful use criteria, 3297 
Medicare Affiliated Contractors, 3298 
physician eligibility, 3297-3298 
Zone Program Integrity Auditors, 
3298 
social media and e-mail communica- 
tion, 3298-3299 
physician licensing actions 
administrative complaint and hearing, 
3289 
criminal prosecution, 3289-3290 
licensure actions, 3288-3289 
physician practice setting 
business entity, 3292-3293 
business loan, 3293 
corporate perspective, 3291 
federal tax identification number, 
3294 
Hipaa privacy and security, 
3294-3296 
securing insurance, 3293-3294 
third party payors enrolling, 3294 
professional services billing, 3270-3271 
third party payor audits 
audit defenses, 3287 
audit processes for medicare, 
3285-3286 
compliance tips, 3287-3288 
Medicare appeals process, 3286-3287 
overview of, 3285 
Butanol threshold test, 454 
Buttress graft, nasal tip surgery, 2975 
Butyl-2-cyanoacrylate 
implant, 2795 


Cc 
Calcifying epithelial odontogenic tumor, 
2105 
Calcitonin, 254 
Calcium 
excess of, 255 


in thyroid surgery, 33 
Calcium carbonate, 33 
Calcium gluconate, 33 
Calcium homeostasis, hyperparathyroid- 
ism, 2131-2132, 2132f 
Calcium hydroxyapatite-based injectable 
implant, 2793 
Calculi, salivary. See Sialolithiasis 
Caldwell-Luc operation 
complications, 644-645 
maxillary sinus, 604 
Caloric and head impulse testing 
Méniere syndrome, 2703 
Caloric requirements, daily, 26 
Calvaria, anatomy of, 3, 4f 
Canalicular injury, 1119f 
Canalplasty, 2465 
Candidiasis 
acute atrophic, 740 
esophagitis, 852, 853f 
pharyngeal, 766 
stomatitis, 740-741, 740f, 7404, 741f 
Canine space, odontogenic infection, 773 
Capillary hemangiomas, 2066, 3216 
Capillary malformations, 3205-3207, 
3207f 
Capsaicin, nonallergic rhinitis, 472 
Carbon dioxide laser. See also Laser(s) 
for skin cancer, 1732-1734, 1733f, 
1733t, 1734¢ 
Carbunculosis, 2344 
Carcinoid tumors, 264-265 
Carcinoma 
anaplastic, 2120-2121 
follicular, 2120 
papillary, 2120 
Carcinoma ex-pleomorphic adenoma, sali- 
vary gland, 1766-1767, 1766f 
Cardiogenic shock, 1099-1100, 1100f 
Cardiovascular disorders 
ACC/AHA guidelines, 35 
B-blockade therapy, 35 
dysrhythmia, 37 
hypertension, 35-36, 36t 
hypotension, 36-37, 36t 
postoperative, risk factors for, 35 
Cardioversion, 37 
Carotid artery dissection, 313, 1807, 
1809-1811, 1814, 1824-1826, 
1832-1834 
Carotid artery rupture, after neck dissec- 
tion, 1832 
Carotid body tumors, 2003-2005, 2004f, 
2004t, 2005t, 2011-2012, 2012f, 
2013f 
Carotid space, deep neck, 797, 799 
Carotid-cavernous fistula, 2608-2609 
Carotidynia, 313 
Cartilage, nasal, for nasal reconstruction, 
2872 
Cartilage-shaping technique, otoplasty, 
3156-3157, 3157f, 3158f 
Cartilaginous vaults 
anatomy, 2953 
defects of, 2956-2957 
management of, 2957-2958, 2958f, 2959f 
Castleman disease, 1599 


Cataract formation, 221-222 
Catch-up saccades, 2687 
Catecholamine-secreting tumors, 263-264 
Catenary lever effect, 2466 
Cathelicidin, 382 
Cathode ray tubes, 2782 
Cat-scratch disease, 283-284, 704-705, 
1595-1596 
Caudal excess nasal deformity, 3017 
Caustic ingestions 
esophageal disorders, 857 
laryngeal stenosis, 1361 
Cavernous hemangioma, 2066, 2067f 
Cavernous sinus thrombophlebitis, 
576-577 
Cefazolin, 44 
Celecoxib (celebrex), 1423 
Cell cycle 
cell proliferation, 1652-1654 
epidermal growth factor, 1648-1650 
inhibitors, 1654-1655 
p53, 1655-1656 
transforming growth factor beta, 
1651-1652 
Cell population, radiation therapy, 1682, 
1683f 
Cellulitis 
lip swelling, 771, 772f 
orbital, 575-576, 576f 
Centenarians, 298 
Centers for Disease Control, 20-21 
Central compartment dissection, 1820, 
1823 
Central nervous system 
auditory, 2263, 2269-2271 
neurologic disorder 
ataxic disorders, 1034 
hyperkinetic disorders, 1032-1034 
hypokinetic disorders, 1030-1032, 
1031f, 1032t 
mixed disorders, 1034-1037 
spastic disorder, 1030 
Central vestibular disorders, 2738-2739 
eye movement examination 
gaze-evoked nystagmus, 2721 
head-shaking nystagmus, 2720 
ocular tilt reaction, 2720 
positional nystagmus, 2720 
rebound nystagmus, 2721 
saccades, 2720 
smooth pursuit, 2719-2720 
spontaneous downbeat nystagmus, 
2720-2721 
vibration-induced nystagmus, 2720 
focal neurologic examination findings, 
2721-2722 
migraine-associated vertigo 
basilar migraine, 2727-2728, 2727t 
definite migrainous vertigo, 2727, 
2727¢ 
diagnostic criteria, 2726, 2726t 
motion sickness, 2728 
probable migrainous vertigo, 2727, 
2727¢ 
treatment, 2728 
vestibulopathy and hearing loss, 2728 
multiple sclerosis, 2728-2730 
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versus peripheral cause of vertigo, 2719t 
dizziness, 2718 
spontaneous nystagmus, 2718-2719 
symptoms, 2722-2723, 2723t 
vertebrobasilar TIAs 
AICA stroke and hearing loss, 2725, 
2725t 
cerebellar infarction, 2726 
isolated vertigo, 2724, 2724t 
labyrinthine infarct, 2724-2725 
vascular risk factors, 2723-2724 
vertebrobasilar ischemia and imaging, 
2726 
Wallenberg syndrome, 2725-2726 
Central vestibular system, 2717-2718 
Cephalic trim technique, 3004 
Cephalometrics, in facial analysis, 2768 
Cephalosporins, 131, 132t 
Ceramic implants, 2786 
Cerebellar hemorrhage, 204 
Cerebellar infarction, 203, 204f, 2726 
Cerebellar/temporal lobe abscesses, 2444 
Cerebellopontine angle 
anatomy, 2556-2558, 2557f, 2558f 
neoplasms of, 2376-2381 
tumors of 
arachnoid cyst, 2577 
epidermoid and dermoid cyst, 2577, 
2578f 
facial nerve monitoring during, 2327 
intraaxial lesions, 2580 
lipoma, 2577, 2579f 
meningioma, 2575-2577, 2576f 
miscellaneous extraaxial lesions, 
2578-2580, 2579f 
nonvestibular cranial nerve schwan- 
nomas, 2574, 2574f 
patient history, 2556 
radiology, 2584t 
skull base lesions, 2580-2583, 
2581f-2583f 
vestibular schwannoma. See Vestibular 
schwannoma 
Cerebral edema, after neck dissection, 
1832 
Cerebrospinal fluid, 1273, 1282 
fistula, 655-656 
leakage of, 662-673 
as complication of mastoid surgery, 
2462-2463 
etiology, 662-663 
accidental trauma, 663, 663f 
congenital CSF leaks, 665 
spontaneous CSF leaks, 664-665 
surgical trauma, 663-664, 664f 
tumors, 665 
history of surgery for, 662 
long-term management, 672 
patient workup 
imaging studies, 666-667, 667f 
laboratory testing, 665-666 
patient history, 665 
physical examination, 665, 666f 
perioperative issues 
antibiotics, 668 
intrathecal fluorescein, 667-668, 668f 
lumbar drain, 668 
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Cerebrospinal fluid (Continued) 
postoperative care, 672 
reconstructive techniques, 671 
site-specific repair strategy 

anterior skull base, 670-671, 671f 
cribriform plate/ethmoid roof, 669 
frontal sinus CSF leaks, 670 
outcomes, 672 
pedicled flaps, 671 
sella and clivus, 671 
sphenoid sinus, 669-670, 670f 
surgical management 
principles, 669 
rationale for repair, 668-669 
physiology and intracranial pressure 
basics, 662 
Cerebrovascular disease 
cerebellar hemorrhage, 204 
cerebellar infarction, 203, 204f 
clinical evaluation and management 
acute spontaneous vertigo, 204 
CT, 205 
magnetic resonance angiogram, 
205, 206f 
MRI, 205f 
lateral medullary syndrome, 200, 203f 
lateral pontomedullary syndrome, 200, 
203f 
midbrain syndromes, 202-203, 204f 
stroke, 199 
subarachnoid hemorrhage, 204 
vertebrobasilar insufficiency, 199-200 
Ceruminous adenocarcinoma, 2369 
Cervical esophageal carcinoma 
complications, 1936, 1936t 
diagnosis 
imaging, 1920-1921 
nutritional evaluation, 1921 
patient evaluation, 1919-1920, 1920t 
physical examination, 1920 
epidemiology, 1918-1919 
esophagus reconstruction, 1932-1933, 
1933f, 1934f 
etiology, 1919 
functional rehabilitation, 1936 
neck management, 1932 
nonsurgical therapy, 1933, 1935 
organ preservation protocol, 1936 
pathology 
molecular staging, 1923 
patterns of spread, 1921-1922, 1921t, 
1922f 
TNM staging, 1922-1923 
prognosis, 1923-1924, 1923t, 1924t 
salvage surgery, 1935-1936 
surgery of 
advanced-stage pyriform sinus cancer, 
1925, 1927 
cervical esophagus, 1932 
early-stage pyriform sinus cancer, 
1924-1925, 1925f, 1926f 
postcricoid cancer, 1929 
posterior hypopharyngeal wall cancer, 
1927-1928, 1928f-1931f 
preoperative considerations, 1924 
transoral laser and robotic surgery, 
1929 


Cervical fascia, deep neck, 796 
Cervical metastasis, 2057-2058 
Cervical necrotizing fasciitis, 779 
Cervical plexus, nerve block of, 238 
Cervical spine injury, 917 
Cervical subcutaneous emphysema, 1142 
Cervical tracheal tumors, 1996 
Cervicogenic headache, 314 
Chalazion, 224 
CHARGE association, 1625 
Charged coupled devices, 2779 
Cheek, soft tissue injuries, 1120-1121, 
W21f, 1122f 
Cheilitis, actinic, 3212, 3215f 
Cheilitis glandularis, 713 
Cheilitis granulomatosa, 1629-1630, 
1629f 
Cheiloplasty. See Lip(s), cancer of, surgery 
for 
Chemical hazards, lasers, 3209-3210 
Chemical peeling 
in benign lesions, 3222-3223, 3223t 
Hetter 
basic science of, 3191-3193, 3192t 
complications, 3195, 3198 
historical background of, 3189, 3190t 
patient selection, 3189-3190, 3190t, 
3191t 
postoperative care, 3194-3195, 
3195f-3197f 
prepeel preparation, 3190-3191 
technique of, 3193-3194, 3193t, 3194f 
Chemokines, 389 
receptor families, 395t 
receptor involvement, human disease, 
396t 
Chemosis, following blepharoplasty, 3100, 
3100f 
Chemotherapy, 341-342 
administration schedules, 1694 
biologic therapy, 1701-1702 
clinical trials 
phase I trials, 1694 
phase II trials, 1694 
phase III trials, 1694 
drugs used 
biologic modifier, 1693-1694 
5-fluorouracil, 1693 
methotrexate, 1693 
platinum-based agents, 1693 
taxanes, 1693 
free tissue transfer 
hypopharynx, 1715-1717, 1716f 
larynx, 1715 
nasopharynx/skull base/paranasal 
sinuses, 1712-1713 
oral cavity, 1713, 1714f 
oropharynx, 1713-1715 
radial forearm free flaps, 1711-1712 
skin flap necrosis, 1711, 1711f 
in wound healing, 1711 
head and neck cancer, 1694 
carotids, CT angio, 1709, 1709f 
chondroradionecrosis, 1710 
osteoradionecrosis, 1709, 1709f 
radiation therapy, 1709 
role of, 1708 


laryngeal cancer 
induction chemotherapy, 1968-1969 
radiation therapy, 1967-1968 
locally advanced unresectable disease 
cisplatin and 5-fluorouracil, 
1700-1701 
concurrent chemoradiation, 1700 
in nasopharyngeal carcinoma, 
1887-1888, 1893 
neoplasms, 2051, 2053, 2057t 
oral cavity cancer, 1864 
organ preservation 
hypopharyngeal cancer, 1696-1697 
larynx cancer, 1695-1696 
nasopharyngeal cancer, 1698-1699 
oral cavity cancer, 1699-1700 
oropharyngeal cancer, 1697-1698 
overview of, 1692 
postoperative management, high-risk 
disease, 1701 
recurrent or distant metastatic disease, 
1702-1703 
for salivary gland tumors, 1781, 1781t 
tracheal tumors, 1996 
Cherry angiomas, 3216 
Chiari malformations, 214, 214f 
Chicago classification, high-resolution 
manometry, 834, 834t 
Children. See Pediatric patients 
Chin 
augmentation 
aesthetics of, 3178, 3180f 
alloplast implant, 3181-3183, 3182f, 
3183f 
cephalostat, 3177-3178, 3179f 
chin deformities, 3178-3181, 3180f, 
3181f 
congenital malformation, 3179 
contour and projection of, 3176-3177 
facial skeletal deformity, 3176, 3177f 
hemifacial microsomia, 3177, 3179f 
lower facial analysis, 3178, 3180f 
mentalis strain, 3176, 3177f 
orthognathic surgery, 3177 
osseous genioplasty. See Osseous 
genioplasty 
physical examination, 3176 
radiography, 3177, 3178f, 3179f 
Ricketts analysis, 3178, 3180f 
surgical procedure selection, 3181 
facial features, 3176 
and neck, assessment of, for plastic sur- 
gery of face, 2767 
soft tissue injuries, 1126, 1126f 
Chin tuck posture, 839 
Chinese medicine, traditional, acupunc- 
ture and, 319-320 
Chiropractic medicine, 318-319 
Chlamydia pneumoniae, 1433 
Chlorhexidine gluconate, 21 
Choanal atresia 
in nasal obstruction, 1330-1331, 
1330f-1331f 
Cholesteatoma, 2362-2364, 2433-2445 
acquired, 2434-2436 
complications and emergency, 
2442-2445, 2443f, 2444f 


congenital, 2363, 2434-2435, 2434f 
diagnosis of, 2363-2364 
extratemporal, 2444, 2444f 
infections of, 2444 
morphologic appearance, 2363 
otitis media, 1499 
pathogenesis of, 2434-2436, 2434t, 
2435f, 2436f 
preoperative evaluation, 2438-2440, 
2440t 
prevention of, 2437, 2439f 
surgical anatomy of, 2436-2437, 
2437f-2439f 
surgical goals for, 2440t 
surgical management of, 2389-2390, 
2440-2442, 2441¢ 
treatment of, 2364 
Cholesterol granuloma 
causes of, 2375-2376 
cerebellopontine angle, 2581, 2581f, 
2582f 
diagnosis of, 2376 
of petrous apex, 2376 
Choline transporter-like-2, 2707 
Chondritis, 2344 
Chondrodermatitis nodularis chronica 
helicis, 2370 
Chondroma, 983 
Chondromatous lesions 
cerebellopontine angle, 2581, 2582f 
Chondroradionecrosis, 1720 
Chondrosarcoma, 2049 
MRI, 152, 153f 
of skull base, 2373-2374 
Chordoma 
cerebellopontine angle, 2583, 2583f 
of skull base, 2374 
Choristoma, in middle ear, 2375 
Chromosomes, 1541 
Chronic daily headache, 309-310, 310t 
Chronic sialadenitis, 706-707, 707f 


Veau classification system, 1560, 1561f 


anatomy 
bilateral cleft lip, 1559 
palatal anatomy, 1559-1560, 1560f 
unilateral cleft lip, 1559 
embryology 
facial development, 1557, 1558f 
palatal anatomy, 1557 
sonic hedgehog, 1557 
epidemiology, 1556-1557 
oral feeding, 1559 
otolaryngologic considerations 
airway obstruction, 1571 
eustachian tube dysfunction, 
1570-1571 
hoarseness, 1572 
obstructive sleep apnea, 1571-1572 
prenatal diagnosis and counseling, 
1557-1558, 1558t 
in Robin sequence, 1631 
surgical management 
alveolar bone grafting, 1562, 1568 
bilateral cleft lip and nose repair, 
1564-1565, 1564f 
cleft lip and nose repair, 1561 
cleft palate repair, 1561, 1565 
cleft rhinoplasty, 1562, 1570 
furlow double opposing Z-plasty, 
1565-1566, 1566f 
intravelar veloplasty, 1566-1568, 
1567f 
lip adhesion, 1562-1563 
nasoalveolar molding, 1562 
orthognathic surgery, 1562, 
1568-1570 
presurgical infant orthopedics, 
1560-1561 
pulsed-dye laser therapy, 1562 
speech surgery, 1561-1562, 1568 
unilateral cleft lip and nose repair, 
1563-1564, 1563f 
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statistical significance of, versus clinical 
importance of, 94 
understanding of, 86-100 
Clinical databases 
applications 
institutional database studies, 3358 
population databases and data ware- 
houses, 3358 
PubMed and literature databases, 
3356-3358 
basics of, 3355-3356 
billing codes, 3354 
EHR systems, 3355 
institutional review board, 3354 
insurance database, 3354 
translational medicine 
ethical issues in, 3359 
translational database studies, 3359 
translational research databases, 
3358-3359 
types of, 3354 
Veterans Administration, 3355 
Clinical guidelines 
AGREE instrument principles, 1674, 
1674¢ 
flawed guideline, 1673 
goals of, 1673 
resources for, 1674, 1674t 
Clinical pathways 
laryngectomy, 1675 
lengths of stay, 1674 
for unilateral neck dissection, 1674 
unknown primary tumor, 1675, 1675f 
Clinical status, 1673 
Clinical studies 
results of, validity of, 94-95 
types of, 102-103, 103t 
Clinical-severity index, creation of, 
103-104 
Clonidine, in smoking cessation therapy, 
335 


Chronic sinusitis, 1456t Cleft rhinoplasty, 1562, 1570 
Chronic suppurative otitis media, 136, Clindamycin, 132 
2400 Clinic management 


Clonidine-withdrawal syndrome, 35 
Clostridium difficile colitis, 70-71, 71t 
Cluster headache, 309, 310t 


Chronic ulcerative stomatitis, 747 
Chronic vocal fold scar, voice therapy, 
1054 
Chronically inadequate vestibular func- 
tion, 2712 
Churg-Strauss syndrome, 276, 495-496, 
496f 
Chylous fistula 
after neck dissection, 1831-1832 
Ciaglia Blue Rhino Introducer Kit, 938f 
Ciliary dyskinesia 
primary, 367, 539 
secondary, 367-368 
Circulation, in trauma patients, primary 
survey of, 1097-1100, 1110f 
Cisatracurium, 243 
Cisplatin 
in metastasis of nasopharyngeal cancer, 
1888, 1893 
ototoxicity, 2545-2546 
Cleft lip/palate, 1561, 1565 
anatomical classification systems 
LAHSHAL system, 1560 


access management, 3333-3334 

clinic efficiency, 3334 

critical patient communication, 

3337-3338 

financial management, 3336-3337 

human resources, 3332-3333 

information technology, 3338, 3339t 

managed care contracting 
negotiation goals, 3335-3336 

marketing, 3339-3340 

operational adaptability, 3334-3335 

patient privacy, 3338 

safety and quality, 3335 


Clinical data 


causality of 
analysis of, measurement scales for, 
90, 90t 
assessment of, 90 
interpretation of 
numerical, descriptive statistics and, 91t 
questions for, 87-100 
study design for, 87, 881, 89 
sampling population for, 97-98, 97t 


Coagulation phase, of wound healing, 
77-78, 78f 
Coalescent mastoiditis, 801f 
Cocaine, 236 
Coccidioidomycosis, 290 
Cochlea 
anatomy of, 2256-2262, 2257f-2262f 
clinical and histopathologic changes, 
2617-2618, 2617f 
gross extracellular potentials, 
2262-2263 
transduction and, 2258, 2261f, 
2262f 
Cochlear aplasia, inner ear anomaly, 
1535 
Cochlear hypoplasia, 1535 
Cochlear implants 
auditory system, 2626-2627 
clinical evaluation, 2637-2638, 2638t 
coding strategies, 2627 
complications, 2636, 2636t 
current device technology, 2628, 2628t 
meningitis, 2636-2637 
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Cochlear implants (Continued) 
outcomes of, 2625 
overview of, 2625 
patient history, 2625-2626 
patient selection, 2628-2629, 2629t 
surgery 
cochleostomy, 2633, 2634f 
electrode insertion, 2633 
inner ear malformation, 2630f-2631f, 
2633-2634, 2635f 
inner ear obstruction, 2634-2635, 
2635f 
otitis media, 2635-2636 
patient preparation, 2632, 2632f 
patient setup, 2631-2632 
receiver-stimulator placement and 
fixation, 2632-2633 
standard mastoidectomy, 2633 
telemetry, 2633 
temporal bone imaging, 2629-2631, 
2630f-2632f 
trauma and bone dust, 2627-2628 
Cochlear modifier, 2258 
Cochlear nucleus, 2269, 2270f 
Cochleostomy, 2633, 2634f 
Cochrane, 1354 
Codeine, 45 
Coding and billing 
fundamentals 
auditing principles, 3310 
documentation and patient care 
medical necessity, 3309 
specificity, 3308-3309 
medicare, 3310 
preloaded generic clinical informa- 
tion, 3310 
records review, 3310 
ICD-9, 3305 
modifiers use 
E/M services related to procedures, 
3323-3324 
individual services claims, 3319-3320 
multiple procedures, 3322-3323 
multiple procedures, date of service, 
3320-3321 
in otolaryngology 
ear procedures, 3326 
evaluation and management coding, 
3326 
larynx, 3328 
nose and sinus procedures, 
3326-3328 
oral cavity, 3328 
recognized risk areas, 3325-3326 
specific coding and billing risks, 3326 
Coffin-Lowry syndrome, 1636 
Cogan syndrome, 278-279, 2522 
Cognitive impairment, 43 
Cohen syndrome, 1637 
Cold dry air provocation test, 471 
Collagen 
bovine, for soft tissue augmentation, 
3245 
metabolism of, and wound healing, 82 
Collagen vascular disease, 267, 268f 
Colony-stimulation factor leak, neo- 
plasms, 19 


Comedones, 3215 
Comorbid conditions 
definition of, 104 
identification of, 104 
Comparative medical systems 
amenable mortality, 3342 
Bismarck-style insurers, 3345 
government-financed insurance system, 
3345 
lack of universal coverage 
beveridge model, 3343-3344 
Medicaid, 3342 
national health insurance model, 
3344-3345 
for oropharyngeal cancer patients, 
3342 
patient delay factors, 3342-3343 
solution(s) for, 3343 
national health insurance, 3346-3347 
obstacles to, 3346 
Organisation for Economic Co-operation 
and Development, 3341 
Patient Protection And Affordable Care 
Act, 3345 
Physicians for a National Health 
Program, 3342 
ration care, 3347 
universal health coverage, 3341 
Compensatory treatment techniques, 838 
bolus consistency, 840 
feeding, 840 
intraoral prosthetics, 840-841 
postures, 839-840, 839t 
sensory enhancement technique, 840 
Complementary and alternative medicine, 
316-326 
allergic rhinitis and rhinosinusitis, 325 
head and neck oncology, 324-325 
manipulative and body-based tech- 
niques 
chiropractic medicine, 318-319 
massage, 319 
osteopathic medicine, 318 
mind-body medicine, 317-318 
natural products, 317 
otitis media, 323-324 
in otolaryngology patients 
drug-herb interactions, 321-322 
perioperative management, 322-323 
tinnitus, 323 
vertigo, 323 
whole medical systems 
ayurveda, 319 
homeopathy, 320 
naturopathic medicine, 320-321 
traditional chinese medicine, 319-320 
Complete glottic stenosis, 885 
Completion rhinoplasty, 2991 
Compliant documentation 
comparative effectiveness research, 3303 
comprehensive history and physical 
examination, 3304 
electronic health records, 3303 
evaluation and management documen- 
tation, 3304 
factors, 3304 
toolkit for, 3305-3308 


Composite grafts, in cutaneous nasal 
defects, 2877 
Composite perichondrium-cartilage island 
graft, 2472-2473, 2473f 
Compound nevi, 3218, 3219f 
Compression of morbidity, 299 
Computed tomography 
atrophic rhinitis, 483, 483f 
central skull base, 142-143, 143f 
fungus ball, 423f 
granulomatous sinusitis, 437, 437f 
indications, 422, 423t 
invasive fungal rhinosinusitis, 559 
invasive fungal sinusitis, 435-437, 436f 
maxillofacial structures and sinonasal 
cavities, 144, 144f 
midface fracture, 1210f, 1213-1214, 
1214t 
of nasopharyngeal cancer, 1878, 1879, 
1879f, 1883, 1883f, 1884f, 1885 
1888, 1892f 
neonatal respiratory distress 
nasal obstruction, 1330, 1331f 
oral cavity/oropharynx/hypopharynx, 
1331 
trachea/bronchi, 1334 
vocal fold paralysis, 1333 
noninvasive fungal sinusitis, 435, 
435f-436f 
orbit, 144-145, 145f 
paraganglioma, 2005-2006, 2006f-2007f 
principles, 141, 142f 
thinosinusitis 
acute, 425-426, 425f 
atelectatic sinus, 428, 429f-430f 
bony destruction, sinonasal sarcoma, 
430, 431f 
chronic, 541-542, 542f 
chronic sinusitis, 426, 426f 
encephalocele, 432, 433f 
endoscopic sinus surgery, 432-435 
frontal sinus mucocele with proptosis, 
428, 429f 
intracerebral abscess and epidural 
abscess, 581f 
normal paranasal sinus anatomy, 426, 
427f 
odontogenic maxillary sinusitis, 426, 
426f 
orbital cellulitis, 576f 
orbital subperiosteal abscess, 430, 430f 
pott puffy tumor, 583f 
pott puffy tumor with epidural empy- 
ema, 430, 431f 
preseptal abscess, 576f 
retention cysts, 428, 430 
sinonasal polyposis, 426, 428f 
subdural empyema, 430, 431f 
subperiosteal orbital abscess, 576f 
sinonasal neoplasm 
arrested skull base pneumatization, 
440, 442f 
breast carcinoma metastasis, 437, 439f 
intracranial and orbital invasion, 438f 
inverted papilloma, 440, 441f 
juvenile nasopharyngeal angiofi- 
broma, 440, 441f 


mass/inflammation prediction, 437 
soft tissues, 145 
temporal bone, 141-142, 142f 
terminology, 422 
tumor staging, 440-441, 443 
Computed tomography angiography, 145, 
147-148 
Concha bullosa, nasal obstruction in, 364 
Conditioned play audiometry, 1514 
Conductive hearing loss, 2640. See also 
Hearing loss 
Condyle, mandibular fracture, 1279, 1279f 
management, 1196f, 1203-1204, 1204t 
Confidential voice therapy, 1050-1051 
Configuration, 2276-2277 
Conflicts of interest 
best practices, 3390 
continuing medical education, 3388 
definition of 
disclosure, 3381 
duality of interest, 3380 
institutional, 3381, 3387 
in medical practice, 3387-3388 
in publishing, 3381 
in research, 3381 
tules governing, 3388-3390 
Confocal microscopy, 51 
Congenital carotid anomalies, 2608 
Congenital CSF leaks, 665 
Congenital high-airway obstruction syn- 
drome, 1321 
Congenital malformations 
airway, 1296-1297 
auricular, 1295 
definition of, 1620 
formes frustes of, 1620 
inheritance of, 1619, 1619f 
midline, 1296 
nares, 1295-1296 
neck, 1297 
oral cavity, 1296 
otolaryngologic, 1621-1622 
Congenital nasal pyriform aperture steno- 
sis, 1316-1317, 1317f 
Congenital nystagmus, 2685 
Congenital stapes disorders, 1533 
Congenital tracheal stenosis, 1322-1324, 
1322f-1324f 
Congenital upper airway obstruction, 
1328-1329, 1331 
Conjunctivitis, 224 
Conjunctivodactyocystorhinostomy, 629-630 
Consensual light reflex, 218 
Constricted ear, otoplasty, 3144-3146, 
3145f, 3152, 3153f/-3155f 
Continuing medical education 
learning through experience 
abstract conceptualization, 3351 
active experimentation, 3351 
concrete experience, 3351 
reflective observation, 3351 
self-directed learning. See Self-directed 
learning 
Continuous positive airway pressure, 2192, 
2224 
autotitrating, 2175 
inspiration and expiration, 2174-2175 


Contralateral routing of signal, 2656-2657 
Contrast agents, 167 
Contusions, soft tissue injuries, 1109 
Conus elasticus, larynx, 946 
Conventional audiometry, 1481 
Conventional behavioral audiometry, 1514 
Conventional long-term tissue expansion, 
2852-2853, 2853f-2856f 
Cook Airway Exchange Catheter, 902, 902f 
Core biopsies, 180 
Cornea 
ulceration of, due to forehead lift, 3071 
Corneal abrasion, 228, 228f 
Coronavirus, 1433 
Cortical auditory evoked responses, 
2283-2284 
Corticosteroids, 2593 
for adrenal suppression, 34t 
for benign lesions, 3222, 3223t 
intralesional, side effects, 3222, 3223t 
for management of scars and keloids, 
2866 
Corynebacterium diphtheriae infection, 762, 
1433 
Cosmetics, for scar camouflage, 2868 
Cosmoderm, for soft tissue augmentation, 
3246 
Cosmoplast, for soft tissue augmentation, 
3246 
Cough 
and airway lesions, 1351-1352 
antibiotics, 1353-1354 
antihistamines, 1353-1354 
chronic nocturnal cough, 1352 
decongestants, 1353-1354 
environmental toxicants, 1352 
etiology, 1351 
foreign body, 1352 
gastroesophageal reflux disease, 
1352-1353 
otolaryngologist 
ACCP, 1348 
causes, 1350 
clinical significance, 1349 
commission crimes, 1351 
cystic fibrosis, 1351 
diagnosis, 1350 
etiology, 1349-1350 
evaluation, 1348 
expiratory phase, 1351 
false focal folds, 1351 
immunodeficiency, 1351 
pathology, 1349 
physical examination, 1350 
primary ciliary dyskinesia, 1351 
red herrings, 1349 
post-infectious, 1352 
sinonasal causes of, 1351 
treatment, 1353 
Cowden syndrome, 125 
COX-2 inhibitors, platelet dysfunction 
and, 28 
Coxsackie virus infection, 760-761, 1433 
Cranial anatomy, 3, 4f 
Cranial base 
anterior 
craniofacial resection, 2087-2088 
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endoscopic endonasal resection, 2088, 
2089f-2090f 
ethmoid bone, 2083 
intracranial surface of, 2082 
sphenoid sinus, 2083 
middle, 2083-2084 
endoscopic endonasal approach, 
2090, 2092f 
lateral infratemporal skull base 
approach, 2090, 2091f 
pathology, 2085, 2085t 
physical examination of, 2085-2086 
posterior cranial fossa, 2084-2085 
Cranial base surgery 
craniofacial resection, 2087-2088, 2087t 
endoscopic endonasal resection, 2088, 
2089f-2090f 
history, 2081-2082 
imaging in 
balloon occlusion test, 2086, 2086t 
computed tomography, 2086 
positron emission tomography, 2086 
Operative management, 2086-2087 
Cranial fossae, anatomy of, 3 
Craniofacial dysostosis, 1625-1626, 1625f 
Craniofacial resection, 2087-2088, 2087t 
Craniofacial surgery, 2233 
Craniotomy, 1454 
C-reactive protein, 2707 
Creep, 2850 
Crescent-shaped ostium, 707f 
Crew resource management, 3257 
Cribriform plate, 360 
Cricoarytenoid joint, 947 
Cricoid cartilage, 945 
Cricothyrotomy, 1096, 1096f 
Cri-du-chat syndrome, 1637 
Critical care 
alcohol withdrawal syndrome. See 
Alcohol withdrawal syndrome 
anaerobic metabolism, 56 
analgesia, 64 
blood transfusions, ICU, 56-57 
mechanical ventilation. See Mechanical 
ventilation 
nasogastric tube, 62-63, 62f 
oliguria, postoperative period, 63-64, 
63t, 64t 
oxygen delivery, 55 
oxygen extraction, 55-56 
perioperative beta blockade, 66, 66t, 67t 
sedatives, 64-66 
shock, 57 
tissue oxygenation and organ perfusion, 
55 
vasoactive agents. See Vasoactive agents 
Critical patient communication, Clinic 
management, 3337-3338 
Crohn disease, 747-748 
pharyngitis in, 767 
Cromolyn sodium, allergic rhinitis, 464 
Crooked nose 
camouflage grafts, 2987 
etiology, 2977 
patient history and physical examination 
asymmetries and deviations, 
2977-2978, 2978f 
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Crooked nose (Continued) 

division and permutation of, 2978, 
2978f 

endonasal examination, 2978-2979 

radiographic assessment, 2979 

three-quarter base and bird’s-eye view, 
2979, 2979f 

treatment 
lower third, 2987, 2987f 


middle third, 2981, 2981f-2986f, 2987 


septum, 2979-2980 
upper third, 2980-2981, 2980f 
Crosseal (Ethicon), 52 
Cross-lip flaps, 1797, 1800 
Croup, 138 
Crouzon syndrome, 124, 1625-1627, 
1625f, 1626t, 1627f 
Crush injuries, wounds, 1109-1110 
Cryotherapy, 2868, 3222 
Cryptotia, otoplasty, 3144, 3145f 
C-spine injury 
midface fracture, 1213 
Cupid’s bow, cleft lip/palate, 1563 
Curettage, 3221 
with electrodesiccation, for skin, 1730 
Curettes, dermal, 3221 
Cushing’s syndrome, 259-260 
Cutaneous horns, 3212, 3215f 
treatment of, 3224-3225 
Cutaneous malignancy, lasers, 3208-3209 
Cutaneous malignant melanoma 
clinical presentation and diagnosis 
childhood history, 1740 
fine-needle aspiration, 1740 
melanin lack, 1739-1740 
physical examination, 1740 
pigmented lesions, 1739 
epidemiology, 1739 
initial management of, 1743, 1744f 
lymphadenectomy, 1749-1750, 1750f 
mucosal, 1742 
occult lymph node disease detection 
elective lymph node dissection, 1745 
sentinel lymph node identification, 
1745-1748 
radiotherapy, 1750-1751 
tisk factors for, 1739 
staging system 
metastatic workup, 1744 
primary tumor, 1742 
regional nodal staging, 1742-1744 
subtypes 
acral lentiginous, 1741 
desmoplastic melanoma, 1741 
lentigo maligna, 1740 
nodular melanoma, 1741 
superficial spreading melanoma, 1741 
surveillance in, 1754-1755, 1754f 
systemic therapy 
biochemotherapy, 1753-1754 
chemotherapeutic agents, 1753 
interferon, 1751-1752 
interleukin-2, 1752 
ipilimumab, 1752-1753 
tumor vaccines, 1752 
TNM staging, 1742, 1743t 
treatment of, 1748-1749 


Cutaneous manifestations, 745f 
Cyanoacrylate adhesives, 52-53 
Cyclic adenosine monophosphate, 372 
Cyclic hematopoiesis, 749 
Cyst(s) 
arachnoid, 2577 
dentigerous, 2098-2099, 2098f 
epidermal, 3212 
treatment of, 3225-3226 
epidermoid and dermoid, 2577, 2578f 
Epstein-Barr virus infection, 1470 
Gorlin, 2099 
incisive canal, 2100 
nasopalatine duct, 2100 
odontogenic, 2097-2113. See also 
Odontogenic cysts 
orbital tumors, 2071-2072 
periapical, 2097-2098, 2098f 
radicular, 2097-2098 
sialo-odontogenic, 2099-2100, 2100f 
voice therapy, 1054-1055 
Cystic fibrosis, 126, 489-490, 4901, 538, 
1300 
Cystic fibrosis transmembrane conduc- 
tance regulator dysfunction, 450 
Cytokines 
characteristics of, 390t-394t 
production, lymphocytes, 389, 389t 
Cytomegalovirus infection, 1433, 
1527-1528 
pharyngitis due to, 764 
recurrent respiratory papillomatosis, 1421 


D 
Dacryocystitis, 225 
Dacryocystorhinostomy 
background, 624-625 
complications 
conjunctivodacryocystorhinostomy, 
629-630 
perioperative, 628 
revisions, 629 
surgical failures, 628-629 
evaluation, 625-626 
technique options, 629-630 
Danger spaces, deep neck infection, 797, 
806-807, 808f 
Data. See Clinical data 
Deafness dystonia optic atrophy syn- 
drome, 1551 
Debakey forceps, 22 
Decongestants 
chronic rhinosinusitis, 590 
nonallergic rhinitis, 472 
Deformations, 1620. See also 
Otolaryngologic syndromes 
glottic closure, 860, 860f 
physiology of, 860-861, 860f 
upper esophageal sphincter relaxation, 
860-861 
Deformity, 2757 
Deglutition 
aspiration, 860 
peripheral sensory and motor compo- 
nents, 818¢ 
phases of, 1899-1900 
physiology, 807, 1899-1900 


Delirium tremens, 46 
Demeclocycline, 34 
Dendritic cells, 387 
Dental infections. See Odontogenic 
infections 
Dental numbering system, universal, 1195, 
1197f 
Dental occlusion, 2165, 2166f 
Dentigerous cysts, 2098-2099 
Dentoalveolar abscess, odontogenic 
infection, 771, 772t 
Dentoalveolar fracture, 1280 
Denture-related stomatitis, 741-742, 741f 
Depression, 2758 
Dermabrasion 
complications, 3223, 3223t 
conditions treated with, 3223, 3224t 
for scar camouflage, 2867, 2867f, 2868f 
Dermal augmentation, collagen injection, 
2795 
Dermal curettes, 3221 
Dermal nevi, 3218, 3218f 
Dermatitis, infectious eczematoid, 2344, 
2344f 
Dermatochalasis, lower eyelid blepharo- 
plasty, 3086, 3086f 
Dermatography, 2868 
Dermatomyositis, 1042 
associated disorders, 274 
diagnostic criteria for, 273, 274t 
head and neck manifestations, 274 
incidence, 273 
treatment, 274 
Dermatoses, 2345-2346 
Dermoid cysts, 1614-1615, 1614f, 1615f, 
2375, 2577, 2578f 
orbital tumor, 2072 
of temporal bone, 2375 
Desmoplastic melanoma, 1741 
Desmopressin, 29 
Desquamative gingivitis, 744f, 746f 
Dexmetomidine, 66 
Dextrocardia, in Kartagener syndrome, 1629 
DENB gene, in hearing loss, 1543t, 1544, 
1544f 
Diabetes insipidus, 34, 253 
Diabetes mellitus 
basal-bolus insulin treatment, 31, 32 
diabetic ketoacidosis, 32 
hyperglycemia, 31 
hyperosmolar nonketotic syndrome, 32 
POC glucose testing, 31 
regular insulin, 32 
Diabetic ketoacidosis, 32, 261-262 
Diagnostic tests, statistical terms associated 
with, 92t 
Dialysis, preoperative, in chronic renal 
failure, 40 
Diarrhea, antibiotic-associated, 40 
Diazepam, 42, 42t, 65, 65 
Diced cartilage-fascia graft, 3008, 3024, 
3024f, 3025 
Differentiated thyroid cancer 
long-term management 
follow-up methods, 2126 
locoregional recurrent/persistent dis- 
ease, 2126 


reoperation for 
distant metastatic disease, 2127 
preoperative evaluation, 2126 
surgical management 
hypocalcemia, 2124 
midline cervical fascia dissection, 
2122 
MIVAT, 2123 
parathyroid glands, autotransplanata- 
tion, 2123 
postoperative hematoma, 2124 
preoperative laryngoscopy, 2121-2122 
recurrent laryngeal nerve, 2122-2124, 
2122f, 2123f 
regional lymphatics management, 
2123-2124 
special patient populations, 2124 
superior laryngeal nerve injury, 2124 
total thyroidectomy, 2123 
tracheal /esophageal invasion, 2124 
Difficult airway management 
algorithm, 896, 897f 
cricothyroidotomy 
indications, 905 
needle cricothyroidotom, 906 
procedure, 906 
ex utero intrapartum treatment 
procedure, 898, 898f 
flexible fiberoptic bronchoscopy 
advantages, 899-890 
endotracheal tube, 900 
modified nasal trumpet, 890, 890f 
positioning for, 890 
sedated, 898 
indirect rigid fiberoptic-enhanced 
laryngoscope, 900, 900f 
intubating or lighted stylets, 901-903, 
902f 
laryngeal mask airway guided intuba- 
tion, 904-905, 905f 
laryngoscope blade placement, 889, 
899f 
retromolar technique, 889, 899f 
rigid fiberoptic bronchoscopy, 
901, 901f 
rigid fiberoptic stylets, 901, 901f 
ventilation, 905, 905f 
video laryngoscopy, 903-904 
DiGeorge sequence, 1637 
Digestive tract, upper, anatomy and physi- 
ology of, 817-823 
Digital light projectors, 2782 
Digital photography, for pictorial docu- 
mentation 
archiving, 2782 
compression, 2781 
editing and morphing, 2781-2782 
input devices 
cameras, 2780-2781, 2780f 
scanners, 2781 
output devices 
printers, 2782 
projectors, 2782-2783 
storage, 2782 
Dihydroergotamine, 306 


Diltiazem, 37 


Dimethylbenzanthracene, 1647 


Diphtheroid infection, pharyngitis due to, 
760-761 
Diplopia, 223 
orbital fracture, 1238 
orbital tumors, 2064 
Direct light reflex, 218 
Discoid lupus erythematosus, 747 
Disease-modifying antirheumatic drug, 271 
Disease-specific HRQOL, 721, 724t-725t 
Disruptions, 1620 
Distal esophageal spasm, 854, 854f 
Diuretics 
ototoxicity of, 2544 
sudden sensorineural hearing loss, 2592 
Dix-Hallpike test, dizziness, 2692, 2692f 
Dizziness, 2733, 2734 
definition, 2615 
differential diagnosis, 2615 
etiology of, 2616t, 2674 
evaluation of, 2618, 2618t 
multifactorial nature of, 2673-2674, 
2674f 
neurotologic examination 
dynamic visual acuity, 2691 
equipments for, 2683-2684, 2684f 
gait and posture test, 2695-2696, 
269 6f 
gaze-evoked nystagmus, 2685 
head heave test, 2689-2690 
head impulse test, 2687-2689, 2688f, 
2689f 
hyperventilation-induced nystagmus, 
2698 
limb coordination test, 2694-2695, 
2694t 
malleolar sign, 2697 
mastoid vibration, 2697 
positional versus positioning testing, 
2691-2693, 2692f, 2693t 
postheadshake nystagmus test, 
2690-2691, 2690f 
rotation-induced nystagmus, 2687 
sensory evaluation, 2674 
skew deviation and ocular torsion 
reaction test, 2690 
smooth pursuit, 2686-2687 
sound-evoked or pressure-evoked eye 
movements, 2697-2698, 2697f 
spontaneous nystagmus, 2684-2685 
structure of, 2682, 2682t-2683t 
patient evaluation, 2302 
patient history 
accompanying symptoms, 2680 
discovery of, 2674 
exacerbating factors, 2679t, 2680 
medications and comorbidity, 
2680-2682, 2681t 
posttraumatic vertigo, 2679-2680 
questionnaire and direct questioning, 
2674-2678 
time duration, 2679 
vertigo, disequilibrium and light- 
headedness, 2678-2679, 2679t 
population problem, 2673 
sensory evaluation, 2674 
simulation battery of, 2620t 
types of, 2618t 
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DNA, 1542 
DNA repair pathway, HNSCC 
base excision repair, 1658 
double-strand break repair, 1658-1659 
interstrand cross-link repair, 1656-1658 
nucleotide excision repair, 1656-1658 
single-strand break repair, 1658 
Dobutamine, 36f, 39, 59 
Dominant traits, 1541 
Dopamine, 36f, 41, 59 
Dorsolateral medullary syndrome, 
2725-2726 
Double convexity deformity, lower eyelid 
blepharoplasty, 3086, 3088f 
Down syndrome 
in hearing loss, 1552 
hearing loss in, 1626 
Drug-induced sleep endoscopy, 2227 
epiglottic prolapse, 2208, 2209f 
oropharyngeal lateral wall collapse, 
2208, 2208f 
tongue base prolapse, 2208, 2209f 
Dry-eye syndrome, 233 
Dual-mode acoustic rhinometry, 456 
Duckbill voice prosthesis, 1985f 
Duction, 220 
Duragen, 53 
Duraguard, 53 
Dural arteriovenous fistula, 2608, 2608f 
Dural defect, 2088 
Dural substitutes, 53 
Durarepair, 53 
Dynamic visual acuity, 2691 
Dysarthria, 2722 
Dysdiadochokinesis, 2722 
Dysgeusia 
as complication of mastoid surgery, 
2462 
Dysmetria, 2686, 2694 
Dysmorphology. See Congenital malfor- 
mations 
Dysosmia, 376 
Dysphagia, 825, 826t 
upper digestive tract, 817 
Dysplasia 
orbital and ethmoid fibrous, 2072-2073, 
2073f 
squamous 
mild, 187f 
moderate, 188f 
mucosa, 194 
severe, 188f 
Dysrhythmias, preoperative management 
of, 37 
Dysthyroid orbitopathy, 630 
Dystonia, 1032 


E 
Eagle syndrome, 312 
Ear 
congenital malformation, 2384-2397 
development of, 2239-2250, 2240t 
auricular, 2239-2240 
control of, 2249-2250 
external and middle ear, 2241-2243 
inner ear, 2245-2246 
ossicles, 2242, 2243f 
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Ear (Continued) 
evaluation of, for plastic surgery of face, 
2764 
external 
anatomy and physiology of, 
2253-2272, 2254f, 2333-2335, 
2334f, 2335f 
development of, 2241-2243 
noninflammatory lesions 
aural polyp, 2353 
bacterial perichondritis, 2349 
cerumen impaction, 2351-2352 
chondrodermatitis nodularis chron- 
ica, 2349 
cutaneous cysts, 2348 
dermatologic conditions, 
2353-2356 
external auditory canal cholestea- 
toma, 2351 
foreign body, 2353 
furuncle, 2353 
gouty tophi, 2349 
hypertrophic scars and keloids, 
2349-2350 
keratoacanthoma, 2349 
keratosis obturans, 2350-2351 
microtia/congenital auricular atre- 
sia, 2348 
preauricular pits and skin tags, 2348 
sebaceous cysts, 2349 
sound pressure and, 2253, 2254f 
traumatic disorders, 2346-2348 
implants for, 2790. See also Cochlear 
implants 
inner 
autoimmune disease, 2591 
development of, 2245-2246 
malformation of, cochlear implants, 
2630f-2631f, 2633-2634, 2635f 
obstruction of, cochlear implants, 
2634-2635, 2635f 
and lateral skull base, neoplams of, 
2359t, 2360f 
middle 
anatomy, 2255 
embryology of, 2242, 2384-2385 
function of, 2255, 2255f 
maldevelopment, 2242-2243 
maldevelopment of, 2242-2243 
neoplasms of, 2370-2376 
temporal bone trauma, 2410-2430 
nonlinear properties of, 2266-2269, 
2267f, 2268f 
surgery of, facial nerve monitoring dur- 
ing, 2328 
Eastlander flap, in lip reconstruction, 
1797, 1798, 1800, 1800f 
Eating Assessment Tool, 825, 826t 
Ectopic thyroid, 1613-1614 
Ectrodactyly-ectodermal dysplasia clefting 
syndrome, 1637 
Ectropion, lower eyelid blepharoplasty, 
3086, 3087f 
Edema 
cerebral, 1832 
facial, after neck dissection, 1832 
pulmonary, 39 


Reinke, 996, 996f 
Edentulous mandible fractures, 1204, 
1205f 
Edrophonium, 243 
Ehlers-Danlos syndrome, 3108 
Eighth nerve monitoring, direct, 2315, 
2315f, 2319-2321 
Elasticity, suture material selection, 22 
Elder dependency ratio, 299 
Elderly patients 
clinical care, 300 
clinical management 
communication and collaboration, 
302 
delirium, 301 
falls and fall-related injuries, 
301-302 
geriatric social workers, 302 
patient satisfaction, 302 
physical and occupational therapists, 
302 
polypharmacy, 301 
Elective lymph node dissection, 1745 
Electrocochleography, 2282-2283, 2283f, 
2317-2319, 2320f 
evoked, for facial nerve monitoring, 
2324-2326 
Ménieére syndrome, 2703 
Electrodesiccation, with curettage, for skin, 
1730 
Electromyography 
laryngeal 
bilateral vocal fold immobility, 1019 
unilateral vocal fold paralysis, 1011, 
1012f, 1013f 
neurologic disorder 
applications, 1044-1045, 1045f 
needle electromyography, 1043-1044 
technique of, 1043-1044, 1043f, 
1044f 
Electronystagmography 
caloric irrigation testing, 2306-2307 
electrodes, 2303 
hallpike and roll tests, 2306 
headshake test, 2305-2306 
hyperventilation testing, 2305 
oculomotor evaluations 
gaze stability testing, 2303-2304 
optokinetic nystagmus, 2305 
saccade evaluation, 2304-2305 
smooth pursuit tracking, 2305 
spontaneous nystagmus, 2305 
static positional testing, 2306 
Electro-olfactogram, 455 
Electrophysiologic testing, facial paralysis, 
2508-2510, 2509t, 2510f 
Electrosurgery, 3221-3222, 3223f 
Embolism 
air, 2463 
pulmonary, 31 
Empty nose syndrome, 618-619 
Encephalocele 
as complication of mastoid surgery, 
2462-2463 
embryology, 1447, 1448f 
nasal, congenital development of, 1451 
Endochondral pseudocysts, auricular, 2370 


Endocrine abnormalities, perioperative 
management 
adrenal glucocorticoids, 33-34, 34t 
diabetes mellitus, 31-32, 32t 
pituitary, 34-35 
thyroid and parathyroid disorders, 
32-33, 33t 
Endocrine system 
adrenal glands 
adrenal insufficiency, 259 
Cushing's syndrome, 259-260 
pheochromocytoma, 260 
primary aldosteronism, 258-259 
secondary aldosteronism, 259 
pancreas 
diabetes mellitus, 261 
diabetic ketoacidosis, 261-262 
glucagon, 260-261 
glucose metabolism, 260 
hyperglycemic hyperosmolar state, 
262 
hypoglycemia, 262 
insulin, 261 
multiple endocrine neoplasia syn- 
dromes, 262-263, 263t 
parathyroid glands. See Parathyroid 
gland(s) 
pituitary gland. See Pituitary 
thyroid gland 
myxedema coma, 258 
synthesis, 256-257 
thyroid storm, 257-258 
triiodothyronine and thyroxine, 256, 
257 
Endocrinology, 250-266 
Endo-extralaryngeal suture lateralization, 
bilateral vocal fold immobility, 
1020 
End-of-life care, head and neck cancer, 
350-353 
Endolaryngeal stenosis, 1145 
Endolaryngeal stent, 1148-1149, 1148f 
Endolymphatic hydrops, 2702 
Endolymphatic sac tumors, 2371 
bony invasion, 2371 
cerebellopontine angle, 2583 
clinical manifestations of, 2371 
diagnosis of, 2372 
extension of, 2371-2372 
Endolymphatic shunt, in surgery of mas- 
toid, 2456-2458 
Endoscopes, for nasal endoscopy, 541, 541f 
Endoscopic forehead lift 
advantages of, 3068, 3070 
flap suspension and fixation, 3069-3070 
incisions for, 3068-3069, 3069f 
moderate brow ptosis, 3067-3068, 
3068f 
supraorbital dissection, 3069, 3069f 
Endoscopic laser partial arytenoidectomy, 
bilateral vocal fold immobility, 
1021-1022 
Endoscopic sinus surgery 
allergic fungal rhinosinusitis, 570 
balloon sinuplasty, 600-601 
clinical outcomes, 602 
concha bullosa, 599 


ethmoid sinus 
anatomical landmarks, 598, 598f 
anterior ethmoidectomy, 598-599, 
598f 
posterior ethmoidectomy, 599, 599f 
history and physical exam, 595 
image guidance, 601 
imaging, 595 
maxillary sinus 
antrostomy, 598 
middle turbinate, 596 
minimally invasive maxillary tech- 
nique, 597f 
uncinate process, 596, 596f 
nasal cavity injection sites, 595, 596f 
preparation, 595 
revision surgery 
anterior arch of the middle turbinate, 
601 
lamina papyracea, 601 
maxillary sinus antrostomy, 601 
posterior choanal arch, 602 
sphenoid sinus roof, 601f, 602 
sphenoid sinus, 600, 600f 
Endoscopic skull base surgery, 2077 
Endoscopic total laser arytenoidectomy, 
bilateral vocal fold immobility, 
1021, 1021f 
Endoscopic transoral laser microsurgery, 
1969, 1970f 
Endoscopic voice restoration, 1981f 
Endoscopic-assisted nasal cautery, 504 
Endoscopy 
culture equipment for, 542 
fiberoptic, 2207-2208 
in mastoid surgery, 2456 
nasal, 541, 541f 
in nasopharyngeal cancer, 1878, 
1883-1884, 1884f-1886f, 1888, 
1890f, 1891, 1891f 
pediatric voice, 1373, 1373f-1374f 
Endotracheal intubation, 1384-1386, 
1385t 
End-point nystagmus, 2685 
Enlarged vestibular aqueduct syndrome, 
1546, 1546f 
Eosinophilic esophagitis, 852, 853f 
pediatric voice, 1374, 1375f 
Eosinophilic granuloma, 2372-2373 
Eosinophilic mucin rhinosinusitis, 569 
Ephelides, 3218 
treatment of, 3228 
Epidermal cyst(s), 2577, 2578f, 3212 
treatment of, 3225-3226 
Epidermolysis bullosa 
acquisita, 745 
pharyngitis due to, 762-763 
Epidural abscess, 580-581, 581f 
Epigenetics, 299 
Epiglottis 
larynx, 946 
upper digestive tract, inverted, 821, 821f 
Epinephrine, 59 
Episcleritis, 224 
Episodic ataxias, 2729 
Epistaxis, 501-507 
clinical management 


absorbable nasal packing, 504-505, 
505f 
comorbid systemic factors, 505-506 
endoscopic-assisted nasal cautery, 504 
nonabsorbable nasal packing, 505, 
505f 
patient assessment, 504 
endovascular embolization, 507 
epidemiology, 501-503 
etiology 
bleeding, 501 
hereditary hemorrhagic telangiectasia, 
501-502, 502t 
hypertension, 503 
inherited bleeding diatheses, 503 
secondary epistaxis, 501, 502f, 502t 
systemic causes, 502-503 
incidence, 501 
surgical management 
ethmoidal artery ligation, 506, 506f 
intranasal bleeding, 506-507 
septodermoplasty, 507 
sphenopalatine artery ligation, 506, 
506f 
Epithelial inclusion cysts, 2072 
Epithelialization, wound healing, 79 
Epithelial-myoepithelial carcinoma, 192f 
Epithelium 
neoplasm 
benign tumors, 1473-1474 
diagnosis, 1472 
malignant tumors, 1474-1475 
parotid gland, 1472 
vocal fold lesions 
keratotic lesions, 989-990 
pathophysiology, 989 
Epstein-Barr virus, 1433 
pharyngitis due to, 763-764 
sialadenitis, 1469 
Epworth Sleepiness Score, 2183 
Ergotamine, 306 
Erythema migrans, 753-754 
Erythrocyte abnormalities, preoperative 
management of, 28 
Erythroplakia, 1646 
Esophageal achalasia, 854-855, 855f 
Esophageal atresia, 1322 
Esophageal disorders 
caustic ingestion, 857 
diverticula, 856 
emergencies associated with, 856-857 
esophageal motility, 853-855, 854f, 855f 
esophageal rings, 855-856 
esophageal strictures, 855 
esophageal webs, 855 
esophagitis 
infectious, 852, 853f 
noninfectious, 852, 853f 
gastroesophageal reflux disease, 853 
neoplasms, 857 
progressive systemic sclerosis, 855 
Esophageal diverticula, 856 
Esophageal foreign body, 857 
Esophageal motility drugs, 844-845, 845t 
Esophageal perforation, 856 
Esophageal sphincter, upper, 864 
Esophageal strictures, 863-864 
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Esophagoscopy 
transnasal, 832-834 
complications, 834 
endoscope placement, 832-833, 833f 
flexible endoscopic evaluation of swal- 
lowing, 834 
fluoroscopic video-esophagram, 832 
indications, 831-832 
patient position, 832, 832f 
Esophagram, 165, 166f 
Esophagus 
cervical 
carcinoma. See Cervical esophageal 
carcinoma 
surgery of, 1932 
neck injury, 1139 
nutcracker, 854 
reconstruction, 1932-1933, 1933f, 1934f 
Esotropia, 229 
Essential tremor, voice therapy, 1055 
Esthesioneuroblastoma, 440f 
Ethmoid sinuses, 359-360, 360f, 361f, 
362. See also Sinus(es) 
anatomy of, 8, 8f 
complications, 607t, 610 
endoscopic sinus surgery 
anatomical landmarks, 598, 598f 
anterior ethmoidectomy, 598-599, 598f 
posterior ethmoidectomy, 599, 599f 
operative technique, 609-610 
Ethmoidectomy, pediatric rhinosinusitis, 
1460-1461, 1461f, 1462f 
Ethyl-2-cyanoacrylate implant, 2795 
Etomidate, 240 
Eustachian tube 
dysfunction, 1570-1571 
function, 1485-1486, 1485f 
Evidence-based medicine, 102-110 
appraisal of quality of evidence in, 
107-108, 108t 
asking answerable question in, 107 
evidence levels for studies in, 108t 
evidence-based guidelines, 109-110, 109t 
grading of, 108 
integration of evidence with clinical 
experience, 108 
results and recommendations in, 108, 
108t 
search for best available evidence in, 107 
Evoked otoacoustic emission screening, 
1524 
Ewing sarcoma, 2374 
Ex utero intrapartum treatment, 898, 898f, 
1336 
Exophytic Schneiderian papilloma, 186f 
Exotropia, 230 
Extensibility, 2849-2850 
External auditory canal atresia, 1533 
External beam radiation therapy, 2126 
Extracorporeal membrane oxygenation, 1526 
Extradural (epidural) granulation tissue/ 
abscess, 2405 
Extraesophageal reflux, 484 
connection of, 962-963 
middle ear, 963 
nose and paranasal sinuses, 963 
stenotic lesions, 963-964 
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Extratemporal cholesteatoma, 2444, 2444f 
Extremity injuries, secondary survey of 
trauma, 1104 
Extrinsic laryngeal musculature, profes- 
sional voice, 1059, 1060f 
Eye 
anatomy of, 5-6, 6f 
assessment of, for plastic surgery of, 
2763-2764, 2764f 
care of, in facial paralysis, 2517 
midface fracture, 1221 
red. See Red eye 
Eye examination 
external inspection and pupil examina- 
tion, 218-219 
indications, 217 
intraocular pressure, 220 
motility, 220, 220f 
ophthalmoscopy, 220-221 
Schirmer test, 221 
visual acuity, 217-218, 219f, 219t 
Eyebrow. See Brow(s) 
Eyelid 
anatomy of, 4-6, 5f 
lower 
anatomy of, 3085, 3086f 
blepharoplasty. See Blepharoplasty 
soft tissue injuries, 1117-1119, 
117f-1119f 
upper blepharoplasty, 3074-3084 
upper eyelid-brow complex, 3074, 3075f 


F 
Face 
anatomy of, 8-9, 9f 
benign lesions of 
classification of, 3212, 3213t 
epidermal, 3212-3215 
history taking and physical examina- 
tion of, 3212 
laboratory studies in, 3220-3221, 
3220f, 3221f 
management of, 3212-3228 
syndromes associated with, differen- 
tial diagnosis of, 3212, 3213t 
therapeutic considerations, 
3221-3224 
fatty/muscular tumors, 3217-3218, 
3218f 
fibrous tumors, 3217, 3217f 
infectious lesions of, 3219-3220, 3220f 
melanocytic tumors of, 3218-3219, 
3218f-3220f 
muscles of, 3239, 3240f 
neural tumors, 3218 
non-skin-appendage tumors, 3216-3220 
plastic surgery of 
anatomic landmarks in, 2760t, 2762t 
general, 2760-2768 
methods of, 2768-2769 
and preoperative evaluation, 2757-2758 
regional anatomy of, 3239-3240, 3240f 
thytidectomy. See Rhytidectomy 
skin-appendage tumors, 3215-3216, 
3216f 
temporal region, 1116f 
vascular tumors, 3216-3217, 3217f 


Facial analysis 
anatomic landmarks in, 2760t, 2762t 
cephalometrics, 2768 
chin, 2767 
“divine” proportions, 2759, 2759f 
ears, 2764 
eyebrows, 2763, 2763f 
eyes/eyelids, 2763-2764, 2764f 
forehead 
nasofrontal angle, 2762, 2763f 
shape, 2761-2762 
general facial assessment 
facial height, 2760-2761, 2761f 
frontal symmetry and proportion, 
2760, 2760f 
lateral view assessment, 2761, 2762t 
lower facial symmetry, 2761 
zero meridian and Frankfort horizon- 
tal line, 2761, 2761f 
history, 2759, 2759f 
lip, 2767 
midface, 2766-2767 
nasal angles, 2765 
nasal tip projection 
Goode’s method, 2765-2766, 2765f 


Powell and Humphries method, 2765, 


2765f 
Simons’s method, 2765 
versus tip rotation, 2765, 2765f 
nasal width, 2766, 2766f 
neck, 2767-2768, 2767f 
nose, 2764-2765 
pathologic conditions 
body dysmorphic disorder, 2759 
depression, 2758 
personality disorder, 2759 
photometrics, 2768 
profile planes and angles, 2762t 
standard reference points, 2760, 2760f, 
2760t 
three-dimensional photography, 
2768-2769, 2768f 
Facial edema, after neck dissection, 1832 
Facial fracture 
in children 
condyle, 1279, 1279f 
craniofacial growth and trauma, 
1274-1275, 1275f 
dentoalveolar, 1280 
epidemiology, 1272-1273 
etiology/injury mechanism, 1274 
frontal bone, 1281-1282 
frontal sinus, 1282 
management, 1273-1274, 
1273t-1274t 
mandible, 1278-1279, 1278f 
mandible arch, 1279-1280, 1280f 
medial orbital wall, 1281 
midface, 1280 
nasal fracture, 1277 
nasoorbitoethmoid complex, 1277, 
1281-1282, 1282f 
newborn nasal deformity, 1277 
orbit, 1281 
orbital floor and roof, 1281-1282 
orbital rim, 1277 
radiographic examination, 1274 


supraorbital rim, 1282 
transcaruncular incision, 1277 
zygomaticomaxillary complex, 
1280-1281 
panfacial, 1163-1167, 1164¢, 1165f, 
1166f 
panfacial, approach to 
rigid fixation, 1275-1277, 1276t 


Facial injury 


bone fracture, 1134 

complications, 1134, 1135t 

Gant and Epstein system, 1132, 1132f 
gunshot wounds, 1133-1134, 1134f 
management algorithm, 1133, 1133f 
nerve injury, 1134 

parotid duct, 1134 

shotgun injury, 1133 

stab wounds, 1133 


Facial muscles, 8, 9f 
Facial nerve, 9 


abnormalities 
in aural atresia, 2385 
abnormalities of, 2505 
anatomy of, 2503-2504, 2504f 
anesthesia and, 2326 
arterial supply to, 2505 
development of, 2243-2245, 2244f 
embryology of, 2385 
injury to 
facial paralysis. See Facial paralysis 
during otologic surgery management 
of, 2461 
soft tissue, 1121-1123 
intraoperative monitoring, 2323 
benefits and applications, 2327 
direct, 2326 
history of, 2323-2324 
indications for, 2326-2327, 2326t 
monitoring systems, 2324, 2324t 
objectives of, 2324t 
types of, 2323, 2323t 
maldevelopment, 2244-2245, 2244f 
in parotid surgery, 1770 
parotidectomy 
complications, 1781, 1781t 
identification of, 1176, 1778t 
injury of, 1782 
monitoring of, 1782 
pathophysiology of, 2508-2510 
schwannomas, 2377 
surgical, 2504-2505, 2504f, 2505f 
topographical organization of, 2505 
tumors of skull base and, 2515-2516 


Facial pain 


acute sinusitis, 311, 311t 

central, 305 

peripheral, 305 

primary headache. See Primary headache 

secondary headache. See Secondary 
headache 


Facial palsy, 1533 
Facial paralysis, 2443-2444 


acute, 2503-2518 

differential diagnosis of, 2508 
assessment of, 2506 
due to trauma, 2513-2515, 2515f, 2516f 
history taking in, 2505-2506 


laboratory studies in, 2507-2508 
management of injuries in, 2514t 
in newbom, 2516-2517 
in otitis media, 2513 
physical examination in, 2506-2507 
Facial reanimation 
hypoglossal facial nerve transfer, 2907, 
2908f 
nerve injury classification, 2905 
neural discontinuity, 2905-2907, 2906f, 
2907f 
surgical technique 
split XII-VII transfer, 2907, 2908f, 
2909 
VII-VII cross-face grafting, 2909 
zonal approach 
middle facial zone. See Middle facial 
zone 
upper facial zone, 2909-2910 
Facial sensory loss, 2721 
Facial skeletal trauma 
computed tomography scanning, 1171 
coronal approach 
complications, 1176-1177, 1177f 
coronal flaps, 1171 
curvilinear coronal incision, 1171, 
1172f, 1173f 
pericranial flap elevation, 1173, 1174f 
Raney clips, 1172-1173 
sawtooth design, 1172, 1173f 
straight-line incision, 1171, 1172f 
supraorbital structures, 1174, 1175f 
zygomatic arches, 1173-1174, 1177f 
hemicoronal incision, 1171 
lower midface and maxilla 
mandibular fracture. See Mandibular 
fractures 
upper labial sulcus approach, 1187, 
1187f, 1188f 
midfacial skeleton 
orbit, 1177, 1177f, 1178f 
orbital rim, floor and wall. See Lower 
eyelid 
Facial weakness, 2721 
Facioauriculovertebral sequence, 
1627-1629 
Familial hypocalciuric hypercalcemia, 
2133 
Family Assessment of Treatment at the End 
of Life, 352 
Fat 
autologous, for soft tissue augmenta- 
tion, 3249 
orbital decompression, 632 
Fatty/muscular tumors, 3217-3218, 3218f 
Fenestral otosclerosis, computed tomogra- 
phy, 141, 142f 
Fentanyl, 64, 241 
Festoons, lower eyelid blepharoplasty, 
3086, 3088f 
Fetal alcohol syndrome 
Aarskog syndrome, 1635-1636 
achondroplasia, 1636 
Alport syndrome, 1636 
Antley-Bixler syndrome, 1636 
Beals syndrome, 1636 
Beckwith-Wiedemann syndrome, 1636 


Binder syndrome, 1636 
Coffin-Lowry syndrome, 1636 
Cohen syndrome, 1637 
Cri-du-chat syndrome, 1637 
DiGeorge sequence, 1637 
ectrodactyly-ectodermal dysplasia cleft- 
ing syndrome, 1637 
fetal rubella syndrome, 1637 
fragile X syndrome, 1637 
Fraser syndrome, 1637 
Gardner syndrome, 1637-1638 
Gorlin syndrome, 1638 
Klippel-Feil anomaly, 1638 
Larsen syndrome, 1638 
LEOPARD syndrome, 1638 
Marfan syndrome, 1638 
Miller syndrome, 1638 
Mobius syndrome, 1638-1639 
multiple mucosal melanoma syndrome, 
1639 
Nager acrofacial dysostosis syndrome, 
1639 
Noonan syndrome, 1639 
Opitz (BBB/G syndrome), 1639 
orofaciodigital syndrome type I and II, 
1639 
osteogenesis imperfecta, 1639-1640 
otopalatodigital syndrome type I and II, 
1640 
Smith-Lemli-Opitz syndrome, 1640 
Stickler syndrome, 1640 
Sturge-Weber syndrome, 1640 
Turner syndrome, 1640 
van der Woude syndrome, 1640-1641 
whistling face syndrome, 1641 
Williams syndrome, 1641 
Fetal rubella syndrome, 1637 
Fever, postoperative 
causes of, 43, 44t 
evaluation of, 43-44 
nosocomial infection, 44 
treatment of, 44 
Fiberoptic endoscopy, 2207-2208 
Fiberoptic laryngoscopy 
bilateral vocal fold immobility, 1018, 
1018f 
unilateral vocal fold paralysis, 1015, 
1016f 
Fibrin sealants, 52 
Fibroelastic membranes of larynx, 873f 
Fibroma, 984-985 
ameloblastic, 2106, 2106f 
ossifying, 293 
Fibromatosis colli, 1600-1601 
Fibromyalgia, 2160 
Fibronectin 
wound healing, 80 
Fibrosarcoma, 2048, 2374 
Fibrous dysplasia, 2527 
in bone, 292-293, 293f 
in jaw, 2109, 2110f 
orbital tumor, 2072-2073, 2073f 
in skull base, 143, 143f 
Fibrous histiocytoma, 281 
Fibrous masses, voice therapy, 1054-1055 
Fibrous papules, 3217, 3227 
Fibrous tumors, facial, 3217, 3217f 
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Fibular osteocutaneous flap, 2835-2836, 
2837f, 2838 
Financial planning, medical practice, 
3336-3337 
Fine needle aspiration 
biopsy 
cell blocks, 179 
Diff-Quik staining, 179 
25-gauge needle, 179 
specimen adequacy, 179-180 
ultrasound-guided, 180 
molecular markers, 2118-2119, 2118t 
Fistula 
cerebrospinal fluid, 655-656 
chylous, after neck dissection, 1831-1832 
dural arteriovenous, 2608, 2608f 
salivary, postoperative, 1782 
Flail chest, trauma, 1102f 
Flaps 
in lip reconstruction, 1794, 1795f, 
1796-1798, 1800, 1801, 1802f, 
1803f, 1804 
microvascular free 
composite, 2835-2842 
fascial and fasciocutaneous, 
2824-2831 
muscle and musculocutaneous, 
2831-2835 
visceral, 2842-2844 
Flap-type tracheostomy, bilateral vocal fold 
immobility, 1022 
Flashlamp-excited dye laser, 3202 
Flexible endoscopic evaluation of swallow- 
ing, 1310-1311, 1311f, 1332-1333 
epiglottis tip, 828, 828f 
equipment requirement, 828 
versus fluoroscopy, 830t 
laryngeal adductor reflex, 828-829 
patient position, 828 
penetration aspiration scale, 830, 830t 
pharyngeal squeeze maneuver, 828-829, 
829f 
premature spillage, 830 
rising tide sign, 830 
videofluoroscopic swallow study, 831 
Flexible fiber delivery, 52 
Floseal (Baxter), 52 
Flow phonation, voice therapy, 1052-1053 
Fluoroquinolones, 133 
Fluoroscopy, 165, 166f 
Focal length multiplier, 2779 
Follicle-stimulating hormone, 252 
Follicular carcinoma, 2120 
Foramen cecum, congenital anomalies, 
nose, 1445, 1447f 
Forceps, 22 
Forehead 
aging, 3053-3072 
analysis of, for plastic surgery of face, 
2761-2762, 2763f 
anatomy of, 3053-3055, 3054f, 3055f 
assessment of, 3056-3057 
brow aesthetics, 3056 
patient history, 3053 
preoperative counseling, 3057 
transverse rhytids of, Botox injections in, 
3242, 3242f 
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Forehead flaps, for nasal restoration, 
2885-2886, 2885t, 2886f-2892f, 
2888-2889 

Forehead lift 

browpexy, 3067 
complications of, 3070-3071 
coronal 
advantages and disadvantages of, 
3059, 3059f 
contraindications to, 3059 
incision for, 3058, 3058f, 3059f 
technique for, 3059-3061, 3060f, 
3061f 
direct brow, 3065, 3065f, 3066f 


endoscopic. See Endoscopic forehead lift 


indirect brow, 3066-3067 
midforehead, 3058f, 3064-3065 
pretrichial, 3058f, 3062-3063, 3062f 
surgical management, 3057-3058 
trichophytic, 3058f, 3063-3064, 3063f, 
3064f 
Foreign bodies 
cough, 1352 
esophageal, 857 
Formant frequencies, professional voice, 
1062-1063, 1062f 
Forme fruste, 1620 
Fosphenytoin, 42 
Fraceschetti-Zwahlen-Klein syndrome, 
1632-1633, 1633f 
Fragile X syndrome, 1637 
Frailty, 299-300 
Fraser syndrome, 1637 
Freckles, 3218 
Freidman staging system, 2196, 2196f 
Frey syndrome, 698, 1770, 1782-1783, 
1782f 
Friable tumors, neoplasms, 2061, 2061f 
Friedreich ataxia, 1034, 2729 
Frontal bone fracture, 1281-1282 
Frontal bulla cell, 679f 
Frontal drillout procedure, 683 
Frontal sinus 
anatomy of, 362 
complications, 607t, 609 
CSF leaks, 670 
fractures of, 1282 
anatomic parameter, 1257, 1258f 
anatomy, 1255, 1256f 
anterior table, 1259, 1259f 
diagnosis, 1255-1256, 1256f-1257f 
frontal recess, 1257-1258, 1258t, 
1259f 
pathophysiology, 1255, 1256f 
posterior table, 1258, 1259-1260, 
1260f 
surgical technique. See Sinus surgery 
indications, 605-606, 605t 
operative techniques 


cranialization, 1269-1270, 
1269f-1270f 
draf II/EMLP/drillout procedure 
bilateral Draf IIB, 684, 685f 
bur passage, 684, 685f 
efficacy, 683 
frontal process, 684, 684f 
frontal T and olfactory neuron, 
684-685, 685f 
oval-shaped neo-ostium, 685, 686f 
septal window, 684, 684f 
unilateral drillout, 684, 685f 
endoscopic anterior table repair, 
1261-1262, 1261f-1263f 
mini-trephination, 683 
obliteration 
autologous material, 1268 
bipolar forceps, 1267, 1267f 
coronal incision, 1266 


intracranial penetration, 1267, 1268f 


osteotomy, 1267, 1267f 
parietal region, 1268, 1269f 
scalloped area, 1268, 1269f 
side-cutting burr, 1267, 1268f 
open reduction and internal fixation 
bone fragment, 1265-1266, 1266f 
incision line, 1263, 1263f 
pericranial flap, 1265, 1265f 
tisk of, 1262-1263 
supraorbital neurovascular pedicle, 
1264-1265, 1265f 
temporoparietal fascia, 1264, 1264f, 
1266f 
“zig-zag” incision, 1263, 1264f 
operative technique 
axillary flap technique, 682-683 
in chronic rhinosinusitis, 680, 682 
3D reconstruction, 681f 
draf IIB approach, 680 
mucosal thickening, 676, 680 
preoperative planning and assess- 
ment, 682 
postoperative care, 685-686 
surgical anatomy 
agger nasi cell, 676, 677f 
anterior and medial drainage path- 
way, 676, 677f 
frontal bulla cell, 679f 
frontal recess and sinus cells, 675, 
676f 
frontal sinus development, 675 
fronto-ethmoidal cells, 677f 
intersinus septal cell, 680f 
suprabullar cell, 679f 
trephination, 1260, 1260f-1261f 


Frontolateral vertical hemilaryngectomy, 


1953 


Frontoorbitotemporal craniotomy, 2076, 


2076f 


bicoronal incision, 608-609 
eyebrow incision, 607-608, 608f 
lynch incision, 606-607, 607f 
mid-forehead incision, 608 
trephination, 606 


surgery 


complications of, 647, 649, 682 
controversies in, 686 


Frostbite, 1128 
Full transfixion incisions, 2945 
Functional status, 1673 
Fungal ball 
clinical presentation, 565 
pathology, 566-567, 566f 
radiology, 565-566, 566f 
treatment, 567 


Fungal infections 
pharyngitis in, 766 
stomatitis 
candidiasis, 740-741, 740f, 740t, 741f 
denture-related, 741-742, 741f 
Fungal laryngitis, 979, 979f 
Fungal rhinosinusitis 
classification of, 557, 558t 
invasive fungal sinusitis. See Invasive 
fungal sinusitis 
noninvasive fungal sinus infections 
allergic fungal rhinosinusitis. See 
Allergic fungal rhinosinusitis 
fungal ball. See Fungal ball 
localized fungal colonization, 565 
spores, 557 
yeast and molds, 557 
Furlow double opposing Z-plasty 
Dingman retractor, 1565, 1565f 
velar nasal flaps, 1566, 1566f 
velum infiltration, 1565 
Furosemide, 39, 41 
Furunculosis, 2344 


G 
Gabapentin, 208 
Gadopentetate dimeglumine, 167 
Gardner syndrome, 125, 1637-1638 
Gastric acid 
biological role of, 959 
nature of, 958-959 
neutralization, 959 
pharmacology, 959 
secretion and regulation, 959 
Gastric pull-up with pharyngogastric anas- 
tomosis, 1934f 
Gastroesophageal reflux disease, 845, 961 
esophageal disorder, 853, 853f 
neonatal respiratory distress 
evaluation and treatment of, 
1328-1330, 1329f 
laryngomalacia, 1332 
laryngospasm, 1333 
Gastrointestinal disorders, preoperative 
management of, 39-40 
Gastroomentum, microvascular flaps of, 
2843-2844, 2843f 
Gaze stabilization test, 2303-2304, 2309 
Gaze-evoked nystagmus, 2685 
Gelatin-based products, 52 
Gelfoam (Baxter), 52 
Gene therapy 
Atoh1, 2749 
translational research, 3358 
General anesthetic agents 
inhalational anesthetic agents 
characteristics, 238t 
halothane, 239 
malignant hyperthermia, 239-240 
minimum alveolar concentration, 238 
nitrous oxide, 239 
sevoflurane and desflurane, 239 
intravenous anesthetic agents, 240t 
barbiturates, 240 
etomidate, 240 
ketamine, 241 
propofol, 240-241 


Generic HRQOL instruments, 720-721, 
720¢ 
Genetic disorders 
diagnosis and treatment of, 126-127 
in head and neck cancer, 125-126 
in laryngology, 126 
in otology and neurotology, 123-124 
in rhinology, 126 
Genetic therapy, 127-128 
Genetics, 111-128. See also Inheritance 
Mendelian genetics 
autosomal dominant inheritance, 115, 
lof 
autosomal recessive inheritance, 
115-117, 117f 
basic terminology, 115t 
penetrance and expressivity, 119 
sex-linked inheritance, 117-118, 118f 
molecular therapy in, 127-128 
non-mendelian genetics 
additional epigenetic influences, 121 
chromosomal anomalies, 122-123 
complex genetics, 122 
digenic inheritance, 121-122 
genomic imprinting, 119-121 
mitochondrial inheritance and muta- 
tions, 119 
principles of, 1541-1542 
Genioglossus advancement, 2211, 2212f 
Genioplasty. See Osseous genioplasty 
Genomic imprinting, 119-121 
Gentamicin, 2704 
Geometric broken-line closure, for scar 
camouflage, 2863, 2865f, 2866f 
Geriatrics. See Elderly patients 
Giant cell (temporal) arteritis, 277-278 
Gingivostomatitis, herpetic, 764 
GJB genes, in hearing loss, 1544-1545 
Glabellar rhytids, Botox injections in, 3242 
Glandular hypertrophy, 713 
Glandular tumors 
of external auditory canal, 2368-2369 
of external ears 
diagnosis of, 2369 
treatment of, 2369 
Glasgow coma scale, 1101f 
Glioma, 1447 
Glomus tympanicum tumors, 2359-2360 
Glossopexy, 1332 
Glossopharyngeal nerve, 695 
Glossopharyngeal neuralgia, 312 
Glossoptosis, 2231 
Glottal leukoplakia, 1088 
Glottic cancer, early 
carcinoma in situ, 1950 
endoscopic surgical procedure, 
1951-1953, 1951f, 1952 
laryngofissure and cordectomy, 1953, 
1953f 
outcomes of, 1954 
photodynamic therapy, 1955 
radiotherapy, 1955 
stages and diagnosis, 1943t, 1950 
surgical pathology, 1949-1950 
treatment, 1945¢, 1950 
vertical partial laryngectomy, 1953, 
1953f 


Glottic closure, swallowing, 860, 860f 
Glucagon, 260-261 
Glucose-6-phosphate dehydrogenase defi- 
ciency, 28 
Goiter, 1627-1629, 1627f, 1628f 
Goldenhar syndrome, 124 
Gonadotropin-releasing hormone, 252 
Gonorrhea, pharyngitis due to, 765 
Gorlin cyst, 2099 
Gorlin syndrome, 125, 1638 
Gout, 283 
Gouty tophi, noninflammatory lesions, 
2349 
G-protein-coupled receptor-mediated sig- 
nal, 730 
Gracilis flap, 2835, 2836f 
Gradle scissors, 22 
Gradual loss of vision, 221-222 
Grafts, in facial, head, and neck surgery, 
2784-2796 
Graft-versus-host disease, 738-739, 739f 
Granular cell tumor, 985 
Granuloma 
cholesterol. See Cholesterol granuloma 
eosinophilic, 2372-2373 
pyogenic, 3216, 3226 
Granulomatous disease 
bacterial infections 
actinomycosis and nocardia, 287-288, 
287f 
brucellosis, 284 
cat-scratch disease and bacillary angio- 
matosis, 283-284 
leprosy, 286-287, 287t 
nontuberculous mycobacteria, 286 
thinoscleroma, 284 
syphilis, 288-289, 289f 
tuberculosis, 284-286, 285f 
tularemia, 289 
fungal infections 
blastomycosis, 290 
coccidioidomycosis, 290 
histoplasmosis, 289-290 
gout, 283 
neoplastic disorders 
fibrous histiocytoma, 281 
langerhans cell histiocytosis, 280-281 
necrotizing sialometaplasia, 281 
pyogenic granuloma, 281 
reparative granuloma, 281 
Parasitic infections 
leishmaniasis, 290-291 
myiasis, 291 
thinosporidiosis, 291-292 
toxoplasmosis, 291 
pharyngitis in, 767 
physical examination, 280 
sarcoidosis, 281-283, 282f 
Granulomatous invasive fungal rhinosi- 
nusitis 
axial and coronal CT scans, 564, 564f 
pathology, 564-565, 565f 
treatment and prognosis, 565 
Granulomatous lesions, 1470 
Great auricular nerve, 694-695 
Group A beta-hemolytic streptococci, 1433 
Growth and development 
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abnormal. See Otolaryngologic syn- 
dromes 
patterns of, 1288-1295, 1288f-1294f, 
1291t 
Growth hormone, 251 
Guillain-Barré syndrome, 210, 1039-1040, 
1040f 
Gustatory sweating, 1770, 1782-1783, 
1782f 


H 
Haemophilus influenzae, 1383 
thinosinusitis due to, 1458, 1458t 
tonsillar hypertrophy, 1433 
type B, 1298 
Hair cell regeneration 
Atoh1 gene therapy, 2749 
cell cycle inhibition, 2749-2750 
embryonic stem cells, 2750-2751 
nonmammalian vertebrates versus mam- 
mals, 2747-2748 
notch signaling pathway, 2749 
somatic stem cells, 2750 
stem cell transplantation, 2751, 2751f 
Hair cell stimulators, 2624 
Hair loss. See Alopecia 
Hair removal, lasers, 3208 
Hair transplantation, autograft 
donor hair removal, 3231-3232 
donor-site removal, 3232 
recipient site, 3232-3233 
sequelae and complication, 3233-3234 
Hairline patterns, forehead lift and, 3057 
Hairy cell leukoplakia 
in AIDS, 743 
Hallgren syndrome, 1633 
Hallpike and roll tests, 2306 
Halmagyi maneuver, 2721-2722 
Halothane, 239 
Hamartoma, 983 
Hand-Schiller-Christian disease, 2373 
Hard failure, 2636 
Hard palate. See Palate 
Harmonic sound source, professional 
voice, 1061-1062, 1062t 
Hashimoto thyroiditis, 2071 
Head and neck 
surgery 
anatomy of, 3-17 
pictorial documentation for. See 
Photodocumentation 
vascular tumor. See Vascular tumor 
Head and neck cancer 
NO neck in, 1839-1846 
orbital. See Orbital tumors 
pain 
acute pain, 345 
cancer pain, 345 
end-of-life care, 350-353 
head and neck pain, 345 
methadone, 348 
neuropathic pain, 348, 350 
opioid analgesic drugs, 348, 349t 
pain management principles, 
346-347, 346f 
percutaneous gastrostomy, 348 
pharmacologic approach, 347-348 
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Head and neck cancer (Continued) 
shoulder and arm pain, 345 
treatment regimens, 345 

radiation therapy for. See Radiation 
therapy 
salivary gland, 1760. See also Salivary 
gland disease 
treatment of 
chemotherapy in. See Chemotherapy 
multidisciplinary team approach, 
1676-1677 
Head and neck masses 
history of 
branchio-oto-renal syndrome, 
1590-1591 
cervical lymphadenitis, 1590 
periodic fever, 1590 
imaging 
computerized tomography, 1592 
magnetic resonance imaging, 1593 
plain radiographs, 1592 
ultrasound, 1592 
inflammatory masses 
characterization of infection, anatomi- 
cal location, 1596-1598 
congenital masses, 1596 
infectious etiologies for, 1595-1596 
noninfectious etiologies, 1598-1599 
laboratory testing, 1591 
neoplastic masses 
fibromatosis colli, 1600-1601 
lipomas, 1600 
lymphoma, 1601 
nasopharyngeal carcinoma, 1603 
neural tumors, 1600 
neuroblastoma, 1602-1603 
pilomatrixoma, 1600 
posttransplant lymphoproliferative 
disease, 1601-1602 
thabdomyosarcoma, 1602 
sarcomas, 1602 
teratomas, 1600 
thyroid malignancies, 1603 
physical examination, 1591 
tissue diagnosis 
fine-needle aspiration biopsy, 1593 
incisional/excisional biopsy, 
1593-1594 
Head and neck squamous cell carcinoma 
angiogenesis and vasculogenesis, 
1664-1665 
apoptosis counterbalances proliferation, 
1659-1662 
cell cycle 
cell cycle inhibitors, 1654-1655 
cell proliferation, 1652-1654 
epidermal growth factor, 1648-1650 
p53, 1655-1656 
transforming growth factor beta, 
1651-1652 
chemotherapy 
carotids, 1709, 1709f 
chondroradionecrosis, 1710 
osteoradionecrosis, 1709, 1709f 
role of, 1708 
DNA repair pathway 
base excision repair, 1658 


double-strand break repair, 
1658-1659 
interstrand cross-link repair, 
1656-1658 
nucleotide excision repair, 1656-1658 
single-strand break repair, 1658 
free tissue transfer 
hypopharynx, 1715-1717, 1716f 
larynx, 1715 
nasopharynx/skull base/paranasal 
sinuses, 1712-1713 
oral cavity, 1713, 1714f 
oropharynx, 1713-1715 
radial forearm free flaps, 1711-1712 
skin flap necrosis, 1711, 1711f 
in wound healing, 1711 
microvascular surgery 
chondroradionecrosis, 1720 
osteoradionecrosis, 1718-1720 
pathogenesis and field cancerization 
dimethylbenzanthracene, 1647 
loss of heterozygosity, 1647-1648 
oral leukoplakia and erythroplakia, 
1646 
proto-oncogenes, 1647 
tumor induction and promotion, 
1647 
tumor progression, 1647, 1648f 
tumor suppressor, 1647, 1647f 
recurrent, 1710-1711 
subtypes of 
based on risk factors, 1645-1646 
genetic backgrounds, 1646 
tumor heterogeneity, 1662-1664 
unresectable, 1717-1718 
Head heave test, 2689-2690 
Head impulse test, 2308, 2687-2689, 
2688f, 2689f 
Head injuries, secondary survey of trauma, 
1100-1101, 1100f, 1101t 
Head thrust test, 2721-2722 
Head trauma, 373, 1531-1532 
Headaches, 2444 
primary. See Primary headache 
secondary. See Secondary headache 
Health technology assessments, 719 
Health-related quality of life 
assessment instruments selection 
relevance, 722 
reliability, 723 
responsiveness, 723 
validity, 723 
effectiveness, 726-727 
feedback, 726-727 
functional health status 
handicap and disability, 719, 719f 
impairment, 719, 719f 
head and neck surgery, 723-726 
measurement of 
health technology assessments, 719 
humanistic issues, 718 
NIH demonstration project, 719 
outcomes-adjusted reimbursement, 718 
patient-reported outcome measures, 
718-719 
quality-adjusted life years, 719 
quality of practice, 726-727 


types of 
disease-specific scales, 721, 724t-725t 
generic HRQOL instruments, 
720-721, 720¢ 
symptom-specific instruments, 721 
Hearing 
anatomy and physiology of, 2253-2272 
Hearing aids and assistive listening devices 
amplification system, 2654-2655, 2655f 
assistive technology, 2669-2670, 2670t 
batteries, 2663 
coupling choices, 2662, 2663f 
digital noise reduction, 2666-2667 
directional microphones, 2665-2666, 
2666f 
earmolds, 2660-2661 
evaluation of, 2655-2656, 2657t 
fitting, 2655, 2663-2665, 2664f, 2667 
hearing loss and candidacy, 2655 
in noise, 2665 
orientation of, 2669, 2669t 
outcome assessment of, 2669 
population, 2654 
preselection decisions, 2656 
presetting and verification, 2667-2669, 
2667f-2669f 
remote control, 2662-2663 
routing of signal, 2656-2658 
sound sources, 2662 
styles in, 2658, 2658f-2661f, 2660 
telephone access, 2661-2662, 2662t 
Hearing devices, implantable. See also 
Cochlear implants 
auditory brainstem response testing 
ASSR, 1511-1512 
auditory neuropathy spectrum disor- 
der, 1511 
measurement, 1510-1511 
used for, 1510 
congenital hearing loss, 1507 
development of auditory behavior, 1509 
hearing loss 
classification, 1515, 1515t 
evaluation, 1515 
management of, 1515 
immittance testing, 1513 
otoacoustic emission testing, 1512-1513 
otolaryngologist’s role in 
bone-anchored hearing appliances, 
1519, 1519f 
hearing aid fitting, 1515-1517 
implantation, 1517-1518, 1517t 
meningitis vaccination, 1518-1519 
otitis media, 1518 
pure-tone testing, 1513-1514, 1514f 
screening 
joint committee on infant hearing, 
1507-1508, 1508t 
neonatal intensive care unit, 1508 
newborn period, 1509 
risk factor, 1507 
test battery, 1509-1510 
universal newborn hearing screening, 
1507 
Hearing evaluation 
audiologic testing in, 2490, 2491f, 2492f 
in children, 1553 


epidemiology of, 2489 
history taking in, 2489-2490 
indications for, 2286 
in infants, 1545 
in otosclerosis, 2490, 2491f, 2492f 
physical examination in, 2489-2490 
Hearing handicap 
evaluation of, 2277, 2277t 
permanent, definition of, 2277 
Hearing impairment, permanent defini- 
tion of, 2277 
Hearing loss 
after mastoid surgery, 2461 
in Alport syndrome, 1543f, 1551 
assistive listening devices. See Hearing 
aids and assistive listening 
devices 
auditory neuropathy, 1545 
in branchiootorenal syndrome, 1543t, 
1548, 1623-1624, 1624f 
causes of 
etiology of, 1525-1526 
extra-corporeal membrane oxygen- 
ation, 1526 
infectious causes, 1526-1530 
in CHARGE association, 1625 
cholesteatoma and, 2442 
in Crouzon syndrome, 1626 
in deafness dystonia syndrome, 1551 
in Down syndrome, 1552, 1626 


enlarged vestibular aqueduct syndrome, 


1546, 1546f 
genetics 
in autosomal dominant disorders, 
1547 
in autosomal recessive disorders, 
1542-1551 
in chromosomal disorders, 1552 
diagnosis of, 1544 
genetic counseling for, 1553 
genetic principles and, 1541-1542 
in mitochondrial disorders, 1543¢, 
1551-1552 
in multifactorial disorders, 1552 
in otolaryngologic syndromes, 
1621-1622 
X-linked disorders, 1543¢ 
in Goldenhar syndrome, 1552, 1628 
hearing devices, implantable 
classification, 1515, 1515t 
evaluation, 1515 
management of, 1515 
in Jervell and Lange-Nielsen syndrome, 
1543t, 1546 
in Kartagener syndrome, 1629 
in Kearns-Sayre syndrome, 1552 
in Klippel-Feil syndrome, 1550-1551 
in MELAS syndrome, 1551-1552 
in Melnick-Fraser syndrome, 1623 
in MIDD syndrome, 1552 
in neurofibromatosis, 1548-1549 
newborn hearing screening 
auditory brainstem response, 1524 
Crib-O-Gram, 1524 
electrodermal response audiometry, 
1524 
evoked otoacoustic emission, 1524 


goals for, 1525 
Joint Committee on Infant Hearing 
recommendations, 1523 
otoacoustic emission, 1524 
otolaryngologist, role of, 1525 
in school-aged children, 1523 
statewide infant hearing screening 
programs, 1524 
tests used for, 1525 
transient evoked otoacoustic emis- 
sion, 1524 
in Norrie disease, 1543t, 1550 
in otopalatodigital syndrome, 1550 
in Pendred syndrome, 1543t, 1546 
permanent, definition of, 2277 
sensorineural hearing loss. See 
Sensorineural hearing loss 
in Stickler syndrome, 1543¢f, 1549 
trauma 
head trauma, 1531-1532 
noise-related hearing loss, 
1530-1531 
ototoxicity, 1531 
in Treacher Collins syndrome, 1543t, 
1549 
treatment of, 2364 
in Turner syndrome, 1552 
in Usher syndrome, 1543f, 1547 
in Waardenburg syndrome, 1543t, 1549, 
1634 
Heerfordt disease, 282 
Hemangiomas, 984, 985f, 2610 
in beard distribution, 1578 
capillary, 3216 
classification of, 2364 
congenital, 1575 
facial nerve, 2364 
geniculate, 2364 
head and neck, morphologic variations, 
1575, 1577f 
infantile 
cosmetic outcome, 1574 
diagnostic evaluation, 1579-1582 
GLUT1, 1575 
growth phase, 1575 
natural regression, 1574, 1576f 
lasers, 3204-3205, 3205f, 3206f 
nose, 1578 
periocular, 1578, 1578f 
phaces, 1577-1578 
subglottic, 1578, 1579f 
Hemangiopericytoma, 2048-2049, 
2364-2365 
architectural pattern of, 2017 
chemotherapy, 2019 
clinical presentation, 2018-2019 
diagnosis of, 2018 
radiation therapy, 2019 
treatment, 2019 
Hematologic abnormalities, preoperative 
management of, 27-30 
Hematoma, 2124 
following forehead lift, 3071 
thytidectomy, 3125, 3127 
soft tissue injuries, 1109 
Hematopoietic tumors, 2067-2068 
Hemifacial microsomia, 1627 
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Hemitransfixion incisions, 2945, 2946f 
Hemoglobinopathies, preoperative man- 
agement of, 28 
Hemolytic streptococci, pediatric rhinosi- 
nusitis, 1458, 1458¢ 
Hemophilia A and B, 498-499 
Hemorrhage. See also Bleeding 
as complication of forehead surgery, 
3070 
sinus surgery complications, 656-657 
Hemostatic agents, 52-53 
in benign facial lesions, 3224 
Hemostatic disorders 
preoperative management of, 
29-30, 29t 
Heparin, 29 
Hereditary telangiectasia 
hemorrhagic, 497-498, 3207, 3212, 
3214t, 3217f 
Herpes simplex virus infection, 743f, 
1433, 1528 
of external auditory canal, 2345 
pharyngeal, 764 
stomatitis, 742-743, 742f 
Herpes ulceration, 742-743, 742f 
Herpes zoster oticus, 2345, 2512-2513 
Heterogeneity, 1542 
Heterotropia, 220, 220f 
Heterozygosity, 1542 
Hidrocystomas, 3216, 3226 
High frequency oscillation, 60 
High-resolution manometry 
Chicago classification, 834, 834t 
pressure topography, 834, 835f 
High-resolution microendoscopy, 51 
Histamine receptor blockers (H, blockers), 
68-69 
Histiocytoma, fibrous, 281 
Histiocytosis X, 2068. See also Langerhans 
cell histiocytosis 
Histoplasmosis, 289-290 
Hoarseness, 953, 1572 
Hodgkin lymphoma, 2036 
Hogan technique, 1568 
Hollinger telescope, 905f 
Homeopathy, 320 
Homografts, for soft-tissue augmentation, 
3245 
Hordeolum, 223 
Hormone-induced rhinitis, 480-481, 
481t 
Horner syndrome, 2361, 2721, 3077 
Human acellular dermis matrix, 2787 
Human immunodeficiency virus infection, 
1529. See also Acquired immuno- 
deficiency syndrome 
external ear disease in, 2346 
otologic manifestations, 2520 
pharyngitis in, 764 
viral sialadenitis, 704 
Human papillomavirus. See also Recurrent 
respiratory papillomatosis 
pharyngitis in, 764-765 
recurrent respiratory papillomatosis, 
1409-1410 
skin cancer and, 1724 
squamous cell carcinoma, 196 
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Human resources, 3332-3333 
Hurthle cell carcinoma, 2120 
Hyaluronic acid products, for soft tissue 
augmentation, 3246-3247, 3246f 
Hydration, voice therapy, 1049 
Hydrocortisone, for adrenal suppression, 34t 
Hydromorphone, 64 
Hydroxyapatite, 2786, 2790 
Hygiene hypothesis, 397-398 
Hyoid bone 
anatomy of, 11-12, 11f 
deep neck space 
anterior visceral space, 800 
masticator space, 800 
parapharyngeal space, 799, 799f 
parotid space, 800 
peritonsillar space, 800 
submandibular and sublingual spaces, 
799-800 
suprasternal space, 800 
temporal space, 800 
Hyoid suspension procedure, 2211, 2212f 
Hyperbaric oxygen therapy, 2592 
Hyperbilirubinemia, 1533 
Hypercalcemia 
calcium level, 255 
pathogenesis, 255 
treatment 
bisphosphonates, 255 
calcitonin, 255 
glucocorticoids, 256 
hydration and diuretics, 255 
Hypercapnia, trauma, 1094 
Hyperemia, 3194, 3194f 
Hyperfractionation, 1684 
Hyperglycemia, 31 
Hyperglycemic hyperosmolar state, 262 
Hyperkinetic disorders 
dystonia, 1032 
essential tremor, 1033-1034 
lower esophageal sphincter, 854 
oculopalatolaryngopharyngeal myoclo- 
nus, 1034 
spasmodic dysphonia, 1032-1033 
tic disorders, 1034 
Hyperkinetic esophageal motility disorders 
distal esophageal spasm, 854, 854f 
nutcracker esophagus, 854 
Hypermetria, 2686 
Hyperopia, 221 
Hyperosmolar nonketotic syndrome, 32 
Hyperparathyroidism 
calcium homeostasis, 2131-2132, 2132f 
clinical manifestations of, 2133 
embryology and anatomical 
considerations, 2131 
evaluation 
CT with contrast, 2135, 2136f 
family history of, 2133 
plasma calcium and parathyroid 
levels, 2133-2134 
Sestamibi parathyroid scan, 
2134, 2135f 
ultrasound of, 2134, 2134f 
vitamin D level measurements, 2134 
familial hypocalciuric hypercalcemia, 
2133 


mediastinal adenoma, 2141, 2142f 
parathyroid carcinoma, 2132, 
2141-2142, 2142f 
parathyroid gland histology, 2132, 2132f 
parathyroidectomy 
anterior approach, 2140, 2140f 
bilateral exploration, 2136-2138, 
2137f, 2138f 
indications for, 2135, 2136t 
intraoperative rapid parathyroid hor- 
mone, 2138-2139 
lateral approach, 2140, 2141f, 2142f 
minimally invasive, 2138, 2139 
patient outcome, 2140 
postoperative care, 2142-2143 
primary, 2132 
secondary and tertiary, 2132 
Hypersalivation, 699 
Hypersensitivity. See Allergy 
Hypertension 
cardiovascular disorders, 35-36, 36t 
epistaxis, 503 
perioperative pharmacologic control, 
36t 
preoperative management of, 35-36 
Hypertonic lower facial paralysis, 2917 
Hypertrophic scars, 3217, 3217f 
treatment of, 3227 
Hypertrophy, inferior turbinate. See 
Turbinate(s), hypertrophy of 
Hyperventilation-induced nystagmus, 
2698 
Hyphema, 228 
Hypocalcemia, 33, 256, 2124 
Hypofractionation, 1684 
Hypoglycemia, 262 
Hypokinetic disorders 
esophageal motility 
achalasia, 854-855, 855f 
ineffective esophageal motility, 854 
multiple systems atrophy, 1031-1032 
Parkinson disease, 1030-1031, 1031f, 
1032t 
parkinsonism, 1030 
Hypomobility disorder, 785 
Hypopharyngeal cancer 
chemotherapy, 1696-1697 
complications, 1936, 1936t 
diagnosis 
imaging, 1920-1921 
nutritional evaluation, 1921 
patient evaluation, 1919-1920, 1920t 
physical examination, 1920 
epidemiology, 1918-1919 
esophagus reconstruction, 1932-1933, 
1933f, 1934f 
etiology, 1919 
functional rehabilitation, 1936 
neck management, 1932 
nonsurgical therapy, 1933, 1935 
organ preservation protocol, 1936 
pathology 
molecular staging, 1923 
patterns of spread, 1921-1922, 1921t, 
1922f 
TNM staging, 1922-1923 
prognosis, 1923-1924, 1923t, 1924t 


salvage surgery, 1935-1936 
surgery of 
advanced-stage pyriform sinus cancer, 
1925, 1927 
cervical esophagus, 1932 
early-stage pyriform sinus cancer, 
1924-1925, 1925f, 1926f 
postcricoid cancer, 1929 
posterior hypopharyngeal wall cancer, 
1927-1928, 1928f-1931f 
preoperative considerations, 1924 
transoral laser and robotic surgery, 
1929 
Hypopharyngeal/laryngeal obstruction 
postnatal diagnosis, 1313-1314, 1313f, 
1315f 
prenatal diagnosis, 1309, 1309f-1310f 
treatment 
Arnold-Chiari malformation, 1320 
laryngeal cleft, 1320-1321, 1321f 
laryngeal web, 1321 
propranolol, 1320 
supraglottoplasty, 1320 
Hypopharynx, 12f, 13, 1917-1918, 1918f, 
1919f 
Hypopigmentation, 2868 
Hypotension 
perioperative, pharmacologic control, 
36t 
postoperative, prevention of, 36-37 
Hypotheses, testing of, analytic statistics 
and, 93t 
Hypothyroidism, 32 
Hypotonia, 2722 
Hypovolemic shock, 1098-1099 
Hypoxia, 1093, 1094 


I 
Idiopathic intracranial hypertension, 
313-314, 2610 
Idiopathic orbital inflammation, 226, 2071 
Idiopathic stenosis, 881 
Idiopathic ulcerative laryngitis, 980 
Ileus, adynamic, postoperative manage- 
ment of, 40 
Iliac crest flaps, osteocutaneous and osteo- 
musculocutaneous, 2838-2839 
Image guidance 
for biopsy, 180 
revision sinus surgery, 52 
thinology and allergy, 601 
Image-guided endoscopic sinus surgery, 650 
Image-guided navigation, 52 
Imagined ugliness syndrome, 2996 
Imipenem, 288 
Immune complex-mediated vasculitides, 
276 
Immune response 
B lymphocytes, 386-387 
basophils, 384 
dendritic cells, 387 
eosinophils, 384 
monocytes, 384-385 
neutrophils, 383-384 
T lymphocytes, 385-386 
Immune-mediated inner ear disease 
Behcet disease, 2707 


Cogan syndrome, 2707 
histopathologic patterns, 2706 
relapsing polychondritis, 2707 
sarcoidosis, 2707 
serologic tests, 2707 
systemic immune disease, 2706-2707 
treatment, 2708 
Immunization 
for melanoma, 1751-1752 
for otitis media, 1487-1488 
for Streptococcus pneumoniae, in infants 
and children, 2520 
Immunodeficiency, otitis media and, 
1487-1488 
Immunoglobulins 
IgA, 388 
IgD, 388 
IgE, 388-389 
IgG, 387-388 
IgM, 388 
Immunotherapy 
active, 404 
allergen-specific, 402-404 


in allergy, 386, 402-404 
chronic rhinosinusitis, 591 
rhinitis, 325 
Impacted tooth, dentigerous cysts, 2098, 
2098f 
Implants 
biocompatibility of, 2784-2785 
biologic materials as, 2785t, 2787 
ceramic, 2786 
in face, head, and neck, 2784-2796 
characteristics of, 2785-2787 
complications and emergencies associ- 
ated with, 2795-2796, 2796t 
indications for, 2787-2788 
patient evaluation for 
preoperative counseling for, 2788 
qualities needed for, 2787-2788 
surgical management for, 2788-2795 
metallic, 2785-2786 
patient-specific, 2787 
polymers as, 2786-2787 
In vitro testing, in rhinitis, 453 
Incisions. See also specific procedures and 
approaches 
bicoronal flap, 2059f-2060f 
endoscopic forehead lift, 3068-3069, 
3069f 
facial skeletal trauma, 117, 1172f, 1173f 
thinoplasty 
hemitransfixion, 2945, 2946f 
Killian incision, 2945, 2946f 
nasal-tip, 2943, 2945f 
transcolumellar and intercartilagi- 
nous, 2944, 2945f 
septoplasty, 615, 615f 


Incisive canal cyst, 2100 
Inclusion body myositis, 1042 
Indirect rigid fiberoptic-enhanced laryngo- 
scope, 900, 900f 
Ineffective esophageal motility disorder, 
854 
Infantile hemangioma 
cosmetic outcome, 1574 
diagnostic evaluation 


corticosteroids, 1580-1581 
history and physical examination, 
1579 
indications for, 1582, 1582t 
magnetic resonance imaging, 1580, 
1580t 
multimodal therapy, 1580 
periorbital hemangiomas, 1582 
propranolol, 1581-1582, 1581t 
pulse dye laser, 1582 
ulceration, 1580 
ulcerative scalp hemangiomas, 1582, 
1582f 
ultrasound, 1579, 1579f 
GLUT1, 1575 
growth phase, 1575 
natural regression, 1574, 1576f 
Infectable fillers, Botox and, cosmetic uses 
of, 3239-3250 
Infections 
anaerobes, 134 
antimicrobial agents. See Antimicrobial 
agents 
Aspergillus, 134 
bacteria 
acute bacterial sialadenitis, 1467 
methicillin-resistant Staphylococcus 
aureus, 134 
pharyngitis due to, 758-761, 760f, 
765 
Pseudomonas aeruginosa, 134 
tuberculosis, stomatitis, 743-744 
facial, 3219-3220, 3220f 
hygiene hypothesis, 397-398 
implant, 2795 
otologic manifestations, 2519-2521 
percutaneous dilatational tracheotomy, 
942 
Infectious disease 
otitis media, 1299-1300 
thinosinusitis, 1300 
Streptococcus pneumoniae, 1300 
Infectious mononucleosis, Epstein-Barr- 
associated 
clinical course of, 763 
complications of, 763-764 
diagnosis of, 763 
pharyngitis in, 763-764 
symptoms of, 763 
Inferior alveolar nerve block, 237 
Inferior meatal antrostomy 
complications, 644, 644t 
Inferior turbinate hypertrophy. See 
Turbinate(s), hypertrophy of 
Inflammatory bowel disease, 747-748 
Inflammatory masses, head and neck 
masses 
characterization of infection, anatomical 
location 
buccal space, 1598 
mandibular space, 1597 
masticator space, 1597-1598 
parapharyngeal space, 1597 
parotid space/parotitis, 1598 
peritonsillar space, 1596 
prevertebral space/danger space, 1597 
retropharyngeal space, 1596-1597 
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submandibular space/submandibular 
sialadenitis, 1597 
infectious etiologies for 
acute bacterial lymphadenitis, 1595 
acute viral lymphadenitis, 1595 
cat-scratch disease, 1595-1596 
fungal infections, 1596 
mycobacterial lymphadenitis, 1595 
opportunistic infections, 1596 
parasitic infections, 1596 
noninfectious etiologies 
Castleman disease, 1599 
Kawasaki disease, 1598 
Kikuchi-Fujimoto disease, 1598 
Rosai-Dorfman disease, 1598-1599 
sarcoidosis, 1598 


Inflammatory muscle disease, 273-274 
Inflammatory myopathies, 1042 


associated disorders, 274 
diagnostic criteria for, 273, 274t 
head and neck manifestations, 274 
incidence, 273 
treatment, 274 
Inflammatory tumors, orbital, 2071 
Informed consent, 20 
Infrahyoid epiglottis, 1945-1946, 1945f 
Infratemporal fossa, 2058, 2059f-2060f 
Ingestion injury, aerodigestive tract 
chest radiograph, 1405, 1405f 
clinical presentation, 1400 
complications, 1401-1402, 1402f 
diagnosis and treatment, 1400-1401, 
1401t 
disc battery, 1406, 1406f 
foreign-body aspiration, 1402-1403 
mass effect, 1405 
mechanism of, 1399-1400 
treatment, 1404 
upper esophageal sphincter, 1405, 
1405f-1406f 
workup, 1403-1404, 1403f-1404f 
Inhalant mold allergy, 414 
Inhalation injuries, secondary survey of 
trauma, 1104-1105 
Inheritance. See also Genetics 
autosomal dominant, 115, 116f, 1617, 
1618f 
autosomal recessive, 115-117, 117f, 
1617, 1618f 
digenic, 121-122 
expressivity, 119, 1620 
heterogeneity, 1620 
molecular basis of 
DNA and chromosomes, 111-113, 
112f, 113f 
RNA and proteins, 113-115, 
113f, 114f 
penetrance in, 119, 1620 
pleiotropy and, 1620 
polygenic, 122 
sex-linked, 117-118, 118f 
X-linked, 1617, 1619f 


Injection augmentation laryngoplasty, 994, 


1014-1015, 1014t, 1015f 


Injury 


auricular, 1123-1126, 1123f-1125f 
canalicular, 1119f 
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Injury (Continued) 
eyelid, full-thickness, 1118, 1118f 
facial nerve, 1121-1123 
trauma 
abdominal, 1103-1104 
extremity, 1104 
head and spine, 1100-1101, 1100f, 
1101t 
inhalation, 1104-1105 
neck, 1101-1102, 1101f 
thoracic, 1102-1103, 1102f 
Innate immune system 
allergic sensitization, 383 
antimicrobial peptides, 382 
complement system, 381-382 
defensins, 382 
nasal glandular products, 380 
natural killer cells, 381 
pattern recognition receptors, 380 
physical barriers, 380 
Inner ear. See Ear, inner 
Institute for healthcare improvement, 
3376 
Institute of medicine, 3376 
Insulin, preoperative, in diabetes mellitus, 
32, 261 
Insulin-like growth factor 2 gene, 121 
Integrins, wound healing, 79 
Intense pulsed light, 3202-3203 
Intensity-modulated radiation therapy 
advantages of, 1687-1688 
versus 3D plan, 1687, 1687f 
multiple radiation beams, 1687 
tongue cancer, 1688, 1688f 
Intention tremor, 2722 
Intercartilaginous incisions, 2944, 2945f 
Interferon(s) 
malignant melanoma, 1751-1752 
recurrent respiratory papillomatosis, 
1423-1424 
for skin cancer, 1731 
Interleukins, 737 
cutaneous malignant melanoma, 1752 
recurrent respiratory papillomatosis, 
1410 
Internal carotid artery, 1432 
Internuclear ophthalmoplegia, 2686 
Intersinus septal cell, 680f 
Intracerebral abscess, 581-582 
Intracochlear membrane rupture 
sudden sensorineural hearing loss, 
2590-2591 
Intraconal orbital tumor, 2077, 2078f 
Intracranial abscess and orbital phlegmon 
computed tomography, 144, 144f 
Intracranial and extracranial aneurysms, 
2609, 2609f 
Intradermal dilutional testing, 417, 417t 
Intradermal skin testing, 416, 416f 
dilutional testing, 417, 417¢ 
positive response and negative control, 
416, 416f 
single intradermal testing, 416-417 
Intralesional fillers, 2868 
Intranasal antihistamines, 464 
Intranasal corticosteroids, 464 
Intranasal ethmoidectomy, 645 


Intraoperative monitoring, neurophysi- 
ologic, 2314-2330 
auditory system monitoring, 2315, 2315f 
of facial nerve, 2323 
Intraoperative photography, 2776-2777 
Intrathecal fluorescein, 667-668, 668f 
Intravelar veloplasty, 1566-1568, 1567f 
Intravenous sedative agents, 241 
Intrinsic laryngeal muscles 
larynx, 948f 
professional voice, 1059-1061, 1060f, 
1061f 
Intubation 
airway assessment 
patient history, 909, 909t 
physical examination, 909, 909t 
complications 
airway obstruction and barotrauma, 917 
bronchial and esophageal intubation, 
917 
cervical spine injury, 917 
cormeal abrasions, 917 
dental injuries, 916 
intracranial intubation, 917 
laryngeal trauma, 916 
macroglossia, 916 
mucosal injury, 916 
nasal and lip trauma, 916 
nerve injuries, 916 
pulmonary edema, 917 
tracheal trauma, 916-917 
difficult airway 
GlideScope, 913-914, 913f 
MacIntosh laryngoscope, 912, 913f 
Miller laryngoscope blade, 913, 913f 
endotracheal tube selection, 4t, 910 
factors affecting, 909-910 
history of, 908 
Hunsaker Mon-Jet tube 
advantages of, 914, 914t 
complications, 915, 915t 
subglottic ventilation, 914 
indications, 908-909, 909t 
laryngeal mask airway, 915-916, 915f, 
915t 
Mallampati classification, 909, 909f 
nasotracheal intubation, 911-912, 911f 
noninvasive ventilation, 916, 916f 
orotracheal intubation, 910-911, 911f 
versus tracheotomy, 910, 910t 
Invasive fungal sinusitis, 375-376 
acute invasive fungal rhinosinusitis. See 
Rhinosinusitis 
chronic invasive fungal rhinosinusitis, 
562-564 
clinical features of, 376t 
diagnosis, 376 
granulomatous invasive fungal rhinosi- 
nusitis 
axial and coronal CT scans, 564, 564f 
pathology, 564-565, 564f 
treatment and prognosis, 565 
Inverted Schneiderian papilloma, 187f 
Inverted-V deformity, 2991, 2993f, 3023 
Invisible in canal hearing aid, 2658, 2658f 
Ipratropium bromide 
nonallergic rhinitis, 472 


Iridocyclitis, 225 

Iris scissors, 22 

Iritis, 225 

Isolagen, for soft tissue augmentation, 
3246 


J 
Jadassohn nevus, 3216, 3216f 
Jaundice, neonatal, hearing loss and, 1526 
Jaw. See also Mandible; Maxilla 
aneurysmal bone cyst, 2111 
central giant cell lesion, 2109, 2111, 2112f 
cysts of, 2097-2113 
fibrous dysplasia, 2109, 2110f 
ossifying fibroma, 2108-2109, 2109f 
osteochondroma of, 2107-2108, 2108f 
osteoma of, 2107 
torus of, 2106-2107 
vascular malformations, 2111-2112 
Jejunum, microvascular flaps of, 
2842-2843, 2842f 
Jerk nystagmus, 2684 
Jervell Lange-Nielsen syndrome, 124 
Joint Committee on Infant Hearing, 1507, 
1508, 1508¢ 
Journal articles 
grandeur in, signs of, 87t 
interpretation of, 86-100 
worth reading, identification of, 86-87, 
87t 
Jugular bulb anomalies, 2605, 2607, 2607f 
Jugular thrombophlebitis, internal, 805f 
Jugular vein thrombosis, 1832 
Jugulotympanic paragangliomas 
clinical presentation and classification, 
2003-2005, 2004f, 2004t, 2005t 
embolization, 2012-2014, 2014f 
Junctional nevus, 3218, 3218f 
Juvenile nasopharyngeal angiofibroma, 
440, 441f 
diagnosis of, 2025, 2026f 
endoscopic and endoscopic-assisted 
approaches, 2028 
epidemiology and pathogenesis, 2023 
growth patterns, 2024-2025, 2024f, 
2025f 
open surgery, 2027-2028, 2027t 
radiation therapy, 2028 
staging, 2025-2026, 2027t 
surgical approaches, 2026-2027 
Juvenile recurrent parotitis, 707-708, 708f, 
1469 


K 

Kallmann syndrome, 117, 118f 

Kanamycin, 2542, 2681 

Kaposi sarcoma, 2021, 2039, 2346 

Kaposiform hemangioendothelioma, 
1575f, 1579 

Karapandzic labioplasty, 1797, 1798f 

Kartagener syndrome, 126, 1629 

Kasabach-Merritt phenomenon, 1579 

Kawasaki disease, 279, 762, 1598 

Kearns-Sayre syndrome, 1552 

Keipert syndrome, 124-125 

Keloids, 3217, 3217f, 3227 

Keratitis, 224 


Keratoacanthoma, 1727 

of lip, 1791 

noninflammatory lesions, 2349 
Keratocysts, odontogenic tumor, 2101-2102 
Keratoses 

actinic, 3212 

treatment of, 3224 
seborrheic 
treatment of, 3224 

senile, 1726 
Keratosis obturans, 2350-2351 
Ketamine, 241 
Kidney injury, acute, 63-64, 63t 
Kikuchi-Fujimoto disease, 279, 1598 
Killian incision, 2945, 2946f 
Klack’s solution, 269 
Klebsiella rhinoscleromatis, 284 
Klinefelter syndrome, 122 
Klippel-Feil syndrome, 1550-1551, 1638 
Koplik spots, 2520 
Kussmaul disease, 713 


L 
Labial arteries, 1788, 1794, 1798 
Labyrinth 
ethmoid, 522, 643 
membranous 
development of, 2245-2246 
innervation of, development of, 
2246-2247 
osseous, development of, 2247-2249 
vestibular, 2673 
Labyrinthectomy 
Méniere syndrome, 2704 
translabyrinthine tumor, 2571f 
Labyrinthine fistula, as complications of 
cholesteatoma, 2442-2443 
Labyrinthitis, 2404 
bacterial infection, 1530, 2520 
otitis media, 2400t 
otogenic suppurative, 2404 
serous/toxic, 2404 
vestibular injury, 2462 
Lacerations 
repair 
drains, 1114 
postoperative care, 1113-1114 
suture techniques, 1112-1113, 1112f, 
1113f 
soft tissue injuries, 1109 
Lacrimal system, 5-6, 5f, 1117-1119, 
1117f-1119f 
Lacrimal tumors, orbital, 2074 
Lag screw application, 1157, 1158f 
Lagophthalmos, 3070-3071, 3078 
Lambert-Eaton myasthenic syndrome, 1041 
Lamina papyracea, 360 
Lamina propria, 949-950 
development of, 1068 
granuloma, 995 
midmembranous vocal fold lesions 
cysts, 990-991, 991f-992f 
fibrous mass, 991, 992f 
nodules, 990, 990f 
nonspecific vocal fold lesion, 
991-992, 993f 
polyps, 990, 991f 


pseudoscyt, 992-993, 993f 
reactive vocal fold lesion, 991, 993f 
striking zone, 990 
theumatologic lesions, 994-995 
vocal fold scar and sulcus vocalis, 
993-994, 994f 
Langerhans cell histiocytosis, 280-281, 
2068, 2521-2522 
Laparoscopic Nissen fundoplication, 
972-973 
Large agger cell, 677f 
Large left skull base chondrosarcoma, 152, 
153f 
Larsen syndrome, 1638 
Laryngeal adductor reflex, 828-829 
Laryngeal atresia, 1333, 1333f 
Laryngeal cancer 
advanced 
differential diagnosis of, 1967, 1967f 
emergencies in, 1975 
evaluation and diagnosis of, 
1964-1967, 1965f, 1966f 
history and physical examination, 
1964-1965, 1965f 
imaging, 1965-1966, 1965f 
laboratory tests and consultations, 
1966 
nonsurgical treatment, 1967-1969 
patterns of spread, 1962-1963, 1963f 
posttreatment quality of, 1974-1975 
staging of, 1963, 1964t 
surgical evaluation, 1966-1967, 1966f 
surgical treatment, 1969-1974, 1970f, 
1971f, 1974f, 1974t 
chemoradiation, 1695-1696 
clinical database, 3356, 3357 
early 
epidemiology, 1940 
glottic cancer 
carcinoma in situ, 1950 
endoscopic surgerical procedure, 
1951-1953, 1951f, 1952f 
laryngofissure and cordectomy, 
1953, 1953f 
outcomes of, 1954 
photodynamic therapy, 1955 
radiotherapy, 1955 
stages and diagnosis, 1943t, 1950 
surgical pathology, 1949-1950 
treatment, 1945¢, 1950 
vertical partial laryngectomy, 1953, 
1953f 
tisk factor, 1940 
subglottic cancer 
surgical pathology, 1955-1956 
treatment, 1956 
supraglottic cancer 
diagnosis, 1942, 1943t 
horizontal supraglottic laryngec- 
tomy, 1947 
neck management, 1948-1949 
outcomes of, 1949 
radiotherapy, 1949 
supracricoid laryngectomy, 
1947-1948 
supraglottic laryngectomy, 1943, 
1944f 
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surgical pathology, 1942 
transoral laser microsurgery. See 
Transoral laser microsurgery 
transoral robotic surgery, 
1946-1947 
treatment, 1942-1943 
tumor biology 
genetics, 1940-1941 
pathology, 1941 
epidemiology of, 1961-1962, 1962f, 
1962t 
external beam radiation, 982 
Laryngeal disease, 961-962 
Laryngeal dysfunction, neurologic disor- 
der, 1037 
Laryngeal electromyography, 1377 
bilateral vocal fold immobility, 1019 
unilateral vocal fold paralysis, 1011, 
1012f, 1013f 
Laryngeal framework surgery, 1015-1017 
Laryngeal lymphomas, 2039 
Laryngeal pacing, bilateral vocal fold 
immobility, 1022 
Laryngeal palpation, 1071, 1071f 
Laryngeal pemphigus, 982, 982f 
Laryngeal skeleton, 871f 
Laryngeal stenosis 
anatomy, 1356-1357 
atresia, 1359 
caustic ingestions, 1361 
complications, 1369 
decision making, 1368 
differential diagnosis of, 1362, 1362t 
gastric acid reflux disease and eosino- 
philic esophagitis, 1361 
granulomatous disease, 1360 
management 
anterior cartilage graft, 1364, 1366, 
1366f 
cricotracheal resection, 1366, 1367f 
endoscopic evaluation, 1363 
extubation, 1364, 1365t 
history, 1362 
medical therapy, 1362 
posterior cartilage graft, 1364-1366 
preoperative assessment, 1362-1363 
slide and cervical slide tracheoplasty, 
1366, 1368 
stenting option, 1368, 1369f 
surgical, 1363-1364, 1363t-1364t 
postintubation stenosis, 1359-1360 
postreconstruction restenosis, 1360 
posttracheotomy, 1360 
radiation effects, 1361 
signs and symptoms, 1357, 1357t 
subglottic stenosis, 1357-1358, 1358t 
supraglottic webs, 1358-1359, 1359t 
systemic diseases, 1360-1361 
thermal injuries, 1361 
tracheal stenosis, 1361 
trauma, 1360 
Laryngeal trauma 
complications, 1149-1150, 1149t-1150t 
diagnosis and evaluation 
history, 1142, 1142t 
physical examination of, 1142-1143 
radiologic evaluation, 1143-1144, 1143f 
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membranous vocal fold, 949, 949f 
neonatal respiratory distress 
flexible endoscopic evaluation of 
swallowing, 1332-1333 
laryngeal atresia, 1333, 1333f 
laryngomalacia, 1332, 1332f 
subglottic hemangioma, 1334, 1334f 
neuroanatomy 


Laryngeal trauma (Continued) bicarbonate gum, 971 
management dietary factors, 969 
algorithm for, 1144, 1144f elevation of head, bed, 971 
cricotracheal separation, 1149 H,,., receptor antagonists, 971 
emergency care, 1144-1145, 1145t medications, 969 
grafting, 1147 prokinetic agents, 971 
medical treatment, 1145-1146 proton pump inhibitors, 971-972 
severed recurrent laryngeal nerve, 1149 


recommended lifestyle modifications, 
stents, 1148-1149, 1148f 


surgical treatment, 1146-1147, 
1147f-1148f 
treatment decision making, 1145, 
1145¢ 
pathophysiology of, 1141-1142 


969t 
smoking, 969-970 
sucralfate, 971 
surgical management of, 972-973 
tight-fitting clothes, 970 
weight loss, 969 


cerebellum and extrapyramidal sys- 
tems, 1027-1028 

cerebral cortex, 1026-1027 

lesions of, 1028-1029 

motor neurons, 1028 

vagus pathway, 1026, 1028f 


Laryngeal vibration, professional voice, voice therapy, 1049 neurologic disorder 


1068, 1068f Laryngotracheobronchitis, 1342 central nervous system 
Laryngectomy, 1969-1970 Laryngovideostroboscopy, 1010f ataxic disorders, 1034 
near-total, 1972 Larynx dystonia, 1032 


postlaryngectomy, 1972-1973 
supracricoid partial, 1971, 1971f 
supraglottic, 1970-1971 
total, 1972 
vertical hemilaryngectomy, 1970 
Laryngitis, 881-882, 979f 
infectious 
bacterial, 978-979, 979f 
fungal, 979, 979f 
idiopathic ulcerative, 980 
viral, 978, 979f 
peripheral nervous system, 1042 
upper airway stenosis, 881-882 
Laryngoceles, 985-986, 986f 
Laryngomalacia, 1339-1340, 1340f 
neonatal respiratory distress, 1332, 
1332f 
stridor, 1339-1340, 1340f 
Laryngopharyngeal reflux 
diagnosis 
esophagoscopy, 965, 967 
laryngopharyngoscopy, 964-965, 
965f-967f, 965t 
pepsin detection, 968-969 
quality of life, 964, 964t 
radiologic imaging, 968 
reflux detection, 967-968 
extraesophageal reflux 
connection of, 962-963 
middle ear, 963 
nose and paranasal sinuses, 963 
stenotic lesions, 963-964 
gastric reflux 
bile, 960-961 
gastric acid, 958-959 
pepsin, 959-960 
pharmacology, 959 
trypsin, 961 
pathophysiology 
versus gastroesophageal reflux disease, 
961 
nonacid and weakly acid reflux, 
961-962 
pediatric voice, 1373, 1373f-1374f 
symptoms of, 958 
treatment 
alcohol, 970 
alginate, 971 
assessment and management of, 970f 


anatomy, 13, 14f, 1941, 1962, 1962f 
age-related changes in, 950-951, 950f 
anterior airway, 870f 
cricoarytenoid joint, 947 
cricoid cartilage, 945 
endoscopic appearence, 870f 
epiglottis, 946 
fibroblastic membranes, 946, 946f 
membranous vocal fold, 949-950, 
949f 
mucosal cover, 873-874, 874f 
muscles and nerves, 871-872, 872f, 
947-949, 948f 
nerve supply, 873 
posterolateral projection, 945-946 
skeleton, 870-871, 871f-873f 
supporting framework of, 945, 946f 
vertical section, 870f, 946f 
benign neoplasia 
benign salivary neoplasia, 984 
chondroma, 983 
fibroma, 984-985 
granular cell tumor, 985 
hamartoma, 983 
hemangioma, 984, 985f 
respiratory papillomatosis, 983-984, 
984f 
thabdomyoma, 983 
schwannomas, 985 
cancer, chemotherapy, 1695-1696 
infection 
bacterial laryngitis, 978-979, 979f 
fungal laryngitis, 979, 979f 
idiopathic ulcerative laryngitis, 980 
mycobacterial infection, 979-980 
syphilis, 980 
viral laryngitis, 978, 979f 
infiltration 
amyloidosis, 981, 981f 


external beam radiation, 982-983, 983f 


pemphigus and pemphigoid, 
981-982, 982f 

relapsing polychondritis, 981 

rheumatoid arthritis, 980-981 

sarcoidosis, 982, 982f 

systemic lupus erythematous, 981 

Wegener granulomatosis, 980 

laryngoceles and saccular cysts, 

985-986, 986f 


essential tremor, 1033-1034 
laryngeal dysfunction, 1037 
mixed disorders, 1034-1037 
multiple sclerosis, 1036-1037, 1036f 
multiple systems atrophy, 
1031-1032 
oculopalatolaryngopharyngeal 
myoclonus, 1034 
Parkinson disease, 1030-1031, 
1031f, 1032t 
parkinsonism, 1030 
spasmodic dysphonia, 1032-1033 
spastic disorder, 1030 
stroke, 1034-1036 
tic disorders, 1034 
diagnosis and treatment, 1029-1030, 
1029t 
electromyography, 1043-1045, 1043f, 
1044f 
hoarseness, 1026 
human vocal process, 1026, 1027f 
laryngeal presentation, 1045t 
peripheral nervous system 
amyotrophic lateral sclerosis, 1037 
botulism, 1041-1042 
bulbar palsy, 1037 
Guillain-Barré syndrome, 
1039-1040, 1040f 
inflammatory myopathies, 1042 
Lambert-Eaton myasthenic 
syndrome, 1041 
mononeuropathy, 1038 
muscular dystrophies, 1042 
myasthenia gravis, 1040-1041 
myelinopathy, 1038 
myopathies, 1042 
poliomyelitis, 1038 
postpolio syndrome, 1038 
progressive bulbar palsy, 1037-1038 
spinal muscular atrophy, 1038 
superior laryngeal nerve paresis, 
1039, 1040f 
vocal fold paralysis, 1038-1039, 
1039f 


physiology 


airflow regulation, 874-875 
airway protection, 951 
cough, 874 

respiration, 951-952 


sensory receptors, 875 
valsalva maneuver, 874, 952 
voice, 952-953, 952f 
stenotic lesions, airway, 963-964 
Laser(s), 52 
for benign facial lesions, 3223-3224 
biophysics of 
coagulation/vaporization, 3200, 3202f 
components of, 3200, 3201f 
characteristics of 
argon laser, 3203-3204 
CO, laser, 3203 
continuous-wave yellow dye laser, 3204 
copper vapor laser, 3204 
flashlamp-excited dye laser, 3202 
intense pulsed light, 3202-3203 
potassium titanyl phosphate laser, 
3203 
red and infrared lasers, 3203 
complications, 3209-3210 
expected results, 3209 
laser-tissue interaction 
chromophores, 3201 
coagulation/vaporization, 3200, 3202f 
energy density, 3201 
power density, 3201 
spontaneous and stimulated emission, 
3200, 3201f 
thermal relaxation time, 3201 
lesion subtypes 
capillary malformations, 3205-3206, 
3207f 
cutaneous malignancy, 3208-3209 
hair removal, 3208 
hemangiomas, 3204-3205, 3205f, 
3206f 
hereditary hemorrhagic telangiectasia, 
3207 
pigmented lesions, 3207-3208 
rejuvenation, 3208, 3209f 
skin resurfacing, 3208, 3209f 
telangiectasias, 3206-3207 
venous malformations, 3206 
patient management, 3209-3210 
for skin cancer, 1731 
skin resurfacing 
for scar camouflage, 2866-2867 
technical aspects of, 3204 
treatment options, 3204 
vascular lesions, 3204 
Lateral arm flap, 2827, 2828f 
Lateral crural strut grafts, 2973, 2973f, 
2976f, 3019-3021, 3020f 
Lateral lamella of the cribriform plate, 664 
Lateral medullary syndrome, 200, 203f 
Lateral neck dissection, 1819, 1820f, 1823, 
1832 


Lee Silverman voice therapy, 1031, 1032t, 
1051 
Left buccal carcinoma, 170, 170f 
Left faucial tonsil carcinoma, 147f 
Left hepatocellular carcinoma metastasis, 
170, 171f 
Leiomyomas 
multiple, 3218, 3218f 
treatment of, 3227 
Leishmaniasis, 290-291 
Lemierre syndrome, 804-805, 805f 
Lentigines, 3218 
treatment of, 3228 
Lentigo maligna, 1740 
Lentigo senilis, 3218, 3219f 
LEOPARD syndrome, 1638 
Leprosy, 286-287, 287t 
Leptomeningeal carcinomatosis, 2578 
Lesion subtypes 
capillary malformations, 3205-3206, 
3207f 
cutaneous malignancy, 3208-3209 
hair removal, 3208 
hemangiomas, 3204-3205, 3205f, 
3206f 
pigmented lesions, 3207-3208 
rejuvenation, 3208, 3209f 
skin resurfacing, 3208, 3209f 
telangiectasias, 3206-3207 
venous malformations, 3206 
Letterer-Siwe disease, 2373 
Leukemia 
orbital tumor, 2068 
temporal bone involvement in, 2365 
Leukotriene 
inhibitors, 591 
modifiers, 464 
Levator palpebrae superioris muscle, 3076, 
3077f 
Lidocaine, 37, 235-236 
subjective nonpulsatile tinnitus, 2603 
Lingual choristomas, 1318-1319, 1319f 
Lingual thyroid, 1613-1614 
Lingual tonsil surgery, 2213, 2215f, 2231 
Lip(s) 
adhesion, 1562-1563 
anatomy and physiology of, 1788-1790, 
1789f 
biopsy of, 1790, 1791, 1791t, 1793 
cancer of 
airway management, 1804, 1804t 
biologic behavior of, 1788, 1790, 1804 
clinical evaluation of, 1790-1791, 
1791t 
diagnosis of, 1790, 1791, 1791t, 1793 
etiology of, 1790 
nodal metastases in, 1793 
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soft tissue injuries, 1126, 1126f 
staging of, 1790, 1791t 
surgery for, 1792-1794 
reconstructive, 1792, 
1794-1804 
swelling of, in Melkersson-Rosenthal 
syndrome, 1630 
ulcers of, differential diagnosis of, 
1790 
Lipomas, 1600 
cerebellopontine angle, 2380, 2577, 
2579f 
imaging of, 2381 
of internal auditory canal, 2381 
treatment of, 3227 
Liquid crystal displays, 2782 
Literature. See also Journal articles 
interpretation of, 86-100 
Local anesthesia, 236t 
cationic form, 235 
cocaine, 236 
lidocaine, 235-236 
lipophilic and hydrophilic end, 235 
local anesthetic systemic toxicity, 
236-237 
metabolism, 235 
nerve blocks 
cervical plexus, 238 
inferior alveolar nerve, 237 
infraorbital nerve, 237 
sensory innervation, 237 
superior laryngeal nerve, 238 
supraorbital and supratrochlear 
nerves, 237 
trigeminal nerve, 237 
Lorazepam, 65, 65t 
Loss of heterozygosity, 1647-1648 
Lower eyelid 
transconjunctival approach 
caruncular approach, 1182-1183, 
1184f 
conjunctiva and lower lid retractors 
flap, 1179, 1180f 
corneal shield, 1178-1179 
lateral canthotomy and cantholysis, 
1179, 1181, 1182f 
medial extension, 1181-1182, 1183f 
orbital retractors, 1182 
preseptal/post septal dissection, 1179, 
8if 
transcutaneous approach 
inferior rim incision, 1184, 1184f 
malposition, 1185, 1187, 1187f 
plane of dissection, 1184, 1185f 
postoperative view, 1186f 
skin-muscle flap, 1184, 1185f 
subciliary incision, 1184, 1184f 


nutrition in, 1804 
cellulitis, 771, 772f 
evaluation of, for plastic surgery of face, 
2767, 2767f 
keratoacanthoma, 1791, 1791t 
nodal metastases in, 1793 
premalignant lesions of, 1792 
radiation therapy for 
complications of, 1792, 1792t, 1804 
tisk factors for, 1792, 1793 


Lower lid malposition, 1238 
Ludwig angina 
deep neck infection, 807-809, 808f, 
809f 
odontogenic infection, 777-778 
Lumbar puncture, 2405 
Lund-Kennedy endoscopic scores, 587 
Lund-Mackay staging system, 587, 
587t 
Lupus cheilitis, 747 


Lateral orbital decompression, 631, 632f 

Lateral osteotomy, nasal dorsum, 2960, 
2961f 

Lateral pharyngotomy, 1907-1908, 1908f 

Lateral pontomedullary syndrome, 200, 203f 

Lateral sinus thrombosis, 2444 

Lateral thigh flap, 2828 

Latissimus dorsi flap, 2833-2835, 2834f 

Laxity, lower eyelid blepharoplasty, 3086, 
3087f 
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Lyme disease, 1529, 2521 
Lymph node 
biopsy, 1814-1815 
metastases 
in lip cancer, 1793 
in skin cancer, 1735 
Lymphadenitis, 1595 


Lymphangioma, orbital tumor, 2066-2067 


Lymphatic drainage 

of lips, 1789f, 1790 
Lymphatic vessels, of neck, 17 
Lymphoepithelial carcinoma, 190f 
Lymphoepithelial cysts, 704 
Lymphomas, 490-491, 1601, 2032-2040, 

2121 
AIDS-related, 2039 
diagnosis 
imaging, 2033-2034, 2034f 
tissue, 2034-2035 

epidemiology of, 2032-2033, 2033f 

Hodgkin, 2036 

laryngeal, 2039 

non-Hodgkin, 2036-2037 

posttransplant lymphoproliferative dis- 

order, 2039-2040 

salivary gland, 1768, 2037-2039, 2038f 

sinonasal, 2037 

staging of, 2035-2036, 2035t 

of temporal bone, 2365 

thyroid, 2039 

Waldeyer ring, 2037, 2038f 
Lymphoproliferative lesions, 2067-2068 
Lyric hearing aid, 2658, 2658f 


M 
Macrogenia, chin augmentation, 3181, 
3181f 
Macroglossia, 2231 
Macrolides, 134 
in chronic hypertrophic rhinosinusitis, 
591 
ototoxicity, 2544 
Magnetic resonance imaging 
brachial plexus, 154, 156, 159f 
esthesioneuroblastoma, 440f 
indications, 422, 423t 
of nasopharyngeal cancer, 1878, 1879, 
1880f-1883f, 1882, 1883, 1885, 
1888, 1893f 
nasopharynx and skull base, 152-153, 
153f, 155f 
neonatal respiratory distress 
congenital subglottic stenosis, 1334 
evaluation and treatment of, 
1328-1330, 1329f 
fetal assessment, 1335-1336, 1335f 
nasal obstruction, 1330-1331, 1331f 
oral cavity/oropharynx/hypopharynx, 
1331-1332 
trachea/bronchi, 1334 
vocal fold paralysis, 1333 
orbits, 154 
paraganglioma, 2006, 2007f, 2008f 
paranasal sinuses, 153-154 
principles, 148 
salivary glands, 154 
sinonasal carcinoma, 424f 


soft tissue neck, aerodigestive tract and 
larynx, 149-150, 151f 
technical considerations, 148-149, 149f, 
150f 
temporal bone, 150, 152, 152f 
temporomandibular joint, 154, 787, 787f 
terminology, 422, 425 
tumor staging, 443 
Malar augmentation, 2776t 
Malar fat pad, 3104, 3104f, 3107 
Malar mounds, lower eyelid blepharo- 
plasty, 3086, 3088, 3088f 
Malignant esophageal neoplasms, 857 
Malignant fibrous histiocytoma, 1602, 
1791, 1991t 
Malignant hyperthermia, 44-45, 45t 
Malignant melanoma 
clinical presentation and diagnosis 
childhood history, 1740 
excisional biopsy, 1740 
fine-needle aspiration, 1740 
melanin lack, 1739-1740 
physical examination, 1740 
pigmented lesions, 1739 
epidemiology, 1739 
of external ear 
diagnosis of, 2368 
growth phase, 2367 
incidence of, 2367 
treatment of, 2368 
lymphadenectomy, 1749-1750, 1750f 
metastases from, 1762 
mucosal, 1742 
occult lymph node disease detection 
elective lymph node dissection, 1745 
sentinel lymph node identification, 
1745-1748 
radiotherapy, 1750-1751 
staging system 
metastatic workup, 1744 
primary tumor, 1742 
regional nodal staging, 1742-1744 
subtypes 
acral lentiginous, 1741 
desmoplastic melanoma, 1741 
lentigo maligna, 1740 
nodular melanoma, 1741 
superficial spreading melanoma, 1741 
surveillance in, 1754-1755, 1754f 
systemic therapy 
biochemotherapy, 1753-1754 
chemotherapeutic agents, 1753 
interferon, 1751-1752 
interleukin-2, 1752 
ipilimumab, 1752-1753 
tumor vaccines, 1752 
treatment of, 1748-1749 
Malignant necrotizing otitis externa, 136 
Malignant tumors 
epithelial, 2046-2048, 2047t, 2048r 
nonepithelial, 2048-2049 
Malleoincudal lever effect, 2466 
Malnutrition 
preoperative, 26-27 
protein-calorie, 26 
Mandible. See also Jaw 
anatomy, 10-11 


arch fracture, 1279-1280, 1280f 

implants for, 2793-2794, 2794f 

reconstruction of, following oropharyn- 
geal surgery, 1913 

tori, 2106 


Mandibular fractures, 1278-1279, 1278f 


anatomy, 1195, 1196f-1197f 
bone morphogenetic protein, 1206 
complications, 1206, 1206t 
edentulous fracture, 1204, 1205f 
emergencies, 1206, 1206t 
evaluation and diagnosis 
history, 1196, 1198t 
physical examination, 1196, 
1198-1199f 
radiographic evaluation, 1198, 1199f 
external fixation, 1204, 1205f 
hardware removal, 1205-1206 
management 
angle, 1196f, 1202-1203, 1203f 
body, 1196f, 1202 
closed reduction, 1200 
condyle, 1196f, 1203-1204, 1204t 
goals of, 1198 
hardware selection, 1201-1202, 1201f 
open reduction, 1200-1201, 1200t, 
1201f 
ramus, 1196f, 1204 
symphysis/parasymphysis, 1196f, 
1202, 1202f 
mandible, biomechanics, 1195-1196, 
1197f 
medical modeling, 1206 
pediatric fracture, 1204-1205 
resorbable fixation system, 1206 
stereotactic image guidance, 1206 
teeth management, fracture line, 1204 
transcutaneous approach 
blunt dissection, 1191 
laceration, 1190 
marginal mandibular nerve, 1190, 1190f 
passive drain, 1191 
retromandibular or preauricular 
approach, 1191, 1192f, 1193 
submandibular approach, 1191, 1191f 
symphysis, 1190 
transoral approach 
disadvantage, 1188 
labial sulcus approach, 1188, 1189f 
mandibular angle fracture, 1189, 1190f 


Mandibular hypoplasia, 3133 
Mandibular lingual release, 1906-1907, 


1906f 


Mandibular space, odontogenic infection 


mylohyoid, 774, 775f 
sublingual space, 774, 776, 776f 
submandibular space, 776, 776f 
submental space, 776-777 


Mandibular swing approach, osteotomy, 


1908-1909, 1910f 


Mandibulectomy, 1909-1910, 1911f 
Mandibulofacial dysostosis, 1632-1633, 


1633f 
in hearing loss, 1543t 


Maneuvers, 842-844, 842, 843f 
Manipulative and body-based techniques 


chiropractic medicine, 318-319 


massage, 319 
osteopathic medicine, 318 
Manual circumlaryngeal techniques, voice 
therapy, 1051-1052 
Marfan syndrome, 1638 
Marketing, clinic management, 3339-3340 
Marshall syndrome, 754 
Mask interface, 2179 
Massage therapy, 319 
Mast cells, allergic rhinitis, 399 
Mastoid 
embryology of, 2384-2385 
history, 2447, 2448r 
neoplasms of, 2370-2376 
obliteration of, 2455-2456 
surgery of, 2447-2463 
complication of, 2461-2463, 2461t 
facial nerve monitoring during, 2328 
Mastoidectomy 
complete, 2451-2453, 2451f-2453f 
incisions of, 2447-2450, 2448f, 2449f 
indications for, 2448t 
intact canal (open) versus canal-wall- 
down (closed), 2453-2454, 2454t 
radical, 2454 
Bondy procedure for, 2455 
modified, 2454-2455, 2455f 
simple, 2450-2451, 2451f 
surface landmarks for, 2450, 2450f, 2451f 
technique of, 2447-2455 
Mastoiditis, 2401 
Maternally inherited diabetes and deafness 
syndrome, hearing loss in, 1552 
Maxilla, 9, 10f, See also Jaw 
Maxillary sinus. See also Sinus(es) 
anatomy of, 8, 8f, 362 
Caldwell-Luc procedure, 604 
complications, 605, 607t 
endoscopic sinus surgery 
antrostomy, 598 
middle turbinate, 596 
minimally invasive maxillary tech- 
nique, 597f 
uncinate process, 596, 596f 
indications, 604, 605t 
operative technique, 604-605, 606f 
Maxillectomy 
inferior, 2056f 
medical, 2046, 2051f 
total, 2050, 2054f-2055f 
Maxillofacial trauma, temporomandibular 
joint, 785 
Maxillomandibular advancement, 2214, 
2215f, 2216 
Maximal interincisal opening, 1196 
Maximal voluntary ventilation test, 38 
Mayo scissors, 22 
Measles, 1529 
Meatoplasty, 2456, 2457f, 2465 
Mechanical ventilation 
discontinuation of, 60-61, 61f 
modes of 
airway pressure release ventilation, 60 
high frequency oscillation, 60 
pressure control ventilation, 60 
pressure regulated volume control, 60 
pressure support ventilation, 60 


proportional assist ventilation, 60 
synchronized intermittent mechanical 
ventilation, 59-60 
volume control, 59 
tracheostomy 
percutaneous versus open tracheos- 
tomy, 62 
timing of, 61-62 
ventilator dysynchrony, 59 
Mederma, scar camouflage, 2869 
Medial orbital decompression, 631, 631f 
Median rhomboid glossitis, 740-741, 
740t, 741f 
Mediastinal adenoma, hyperparathyroid- 
ism, 2141, 2142f 
Mediastinitis, 779-780, 805 
Medical error 
agencies and organizations, 3263 
drug-drug interaction, 3261 
history of 
accountability, 3260 
anesthesia, 3258 
anesthesia patient safety foundation, 
3258 
aviation safety reporting system, 3258 
institute of medicine report, 3258 
just culture, 3259-3260 
measurement of, 3260 
safety and quality, 3259 
systems science, 3259, 3259t 
in otolaryngology 
classification of, 3262, 3262t 
concentrated medications, 3262 
epinephrine injections, 3262, 3262t 
otolaryngologist responses, 3264 
patient identification errors, 3261 
public disclosure, 3260 
reporting systems 
recommendations to, 3261, 3261t 
tules for, 3261, 3261f 
sense of fatalism, 3261 
voluntary reporting, 3261 
responding to, 3263 
Medical errors, 1678 
Medical liability 
claims in the United States, 3271-3272 
health care costs 
defensive medicine, 3280-3281 
insurance premiums, 3280 
risk management, 3281-3282 
medical malpractice litigation 
expert witnesses, 3274-3275 
general legal background, 3272-3273 
Hobson’s choice, 3275 
presuit, 3273 
settlement versus trial, 3275 
suit filed, 3273-3274 
trials, 3275-3276 
tort reform, 3278-3279 
Medical records 
physician’s needs 
appropriate productivity, 3310 
compliance, 3310 
data integrity, 3310 
efficiency, 3310 
evaluation and management services, 
3313-3315 
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established outpatient visit, 3315, 
3318f 
initial outpatient visit, 3315, 3316f, 
3317f 
nature of presenting problems, 3314 
quality care, effective medical 
records, 3314 
resource-based relative value system, 
3313 
work for clinicians, 3314 
operative procedures 
fiberoptic laryngoscopy and diag- 
nostic nasal endoscopy, 3312, 
3312f, 3313f 
sample operative report, 3311, 3311f 
promoting quality patient care, 3310 
teaching hospitals, 3315, 3318 
usability, 3310 
toolkit for 
choice of interface, 3305-3306 
data entry, 3307-3308 
preloaded information, 3306-3307 
Medicare/medicaid services, 3376 
Medication overuse headache, 309-310 
Medullary thyroid carcinoma 
extent of surgery, 2128 
genetics of, 2127 
postoperative follow-up, 2128 
preoperative workup, 2127 
Melanocytic lesions, multiple syndromes 
with, 3212, 3214¢ 
Melanocytic nevi, 3218, 3227 
MELAS syndrome, in hearing loss, 
1551-1552 
Melkersson-Rosenthal syndrome, 
1629-1630, 1629f 
Melnick-Fraser syndrome, 124, 1611-1612, 
1611f, 1623-1624, 1624f 
Melolabial flap, in cutaneous nasal defects, 
2881, 2883f, 2884 
Memory, suture material selection, 22 
Mendelian genetics 
autosomal dominant inheritance, 115, 
lof 
autosomal recessive inheritance, 
115-117, 117f 
basic terminology, 115t 
penetrance and expressivity, 119 
sex-linked inheritance, 117-118, 118f 
Mendelsohn maneuver, 842, 843f 
Méniere syndrome 
clinical features, 2702, 2702t 
endolymphatic hydrops, 2702 
physiologic tests, 2703-2704 
prevalence, 2702 
signs and symptoms, 2701-2702 
treatment, 2704 
Meningioma 
clinical presentation, 2575 
diagnosis, 2379 
diagnostic evaluation, 2575-2576, 
2576f 
epidemiology, 2575 
etiology of, 2379 
histopathology, 2575 
incidence of, 2378-2379 
molecular biology, 2575 
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Meningioma (Continued) 
orbital, 2069, 2070f 
temporal bone, 2380 
treatment of, 2380, 2576-2577 
Meningitis, 582-583 
clinician evaluation, 2404-2405 
cochlear implants, 2636-2637 
treatment of 
dexamethasone, 2405 
direct disease extension, 2405 
myringotomy, 2405 
Mentalis strain, chin augmentation, 3176, 
3177f 
Mentocervical angle 
assessment of, for plastic surgery of face, 
2767-2768 
Mentoplasty implants, 2793-2794 
Meperidine, 44, 45, 64 
Mepivacaine, 236 
Merkel cell carcinoma, 2370 
American Joint Committee on Cancer 
classification, 1736, 1737t 
H &E staining of, 1736, 1736f 
incidence of, 1735 
MeroGel (bioresorbable nasal dressing), 
1461, 1461f 
Mesenchymal tumors 
diagnosis and management, 1472t, 
1473t 
epithelial neoplasms, 1472-1475 
hemangiomas, 1470-1471 
lymphatic vascular malformations, 1471 
orbital tumor, 2072-2074, 2073f 
thabdomyosarcoma, 1471-1472 
Metabolic disorders 
otologic manifestations, 2527 
Metabolic imbalances, 42 
Metallic implants, 2785-2786 
Metastases 
cerebellopontine angle, 2578-2579, 
2579f 
from lip cancer, 1790, 1793 
occult, 1839-1840, 1840t 
from salivary gland tumors, 1762 
Metastatic melanoma, 173, 173f 
Metastatic tumors, 1997 
neoplasms, 2049 
orbital, 2075 
Methicillin-resistant Stapltylococcus aureus, 
134 
Methimazole, 32 
Methylprednisolone, 33 
Metoprolol, 35 
Metronidazole, 40 
Metzenbaum scissors, 22 
Microdebrider-assisted inferior turbinate 
reduction, 618, 618f 
Microfibrillar collagen products, 52 
Microflap surgery, 1076 
Microgenia, chin augmentation, 3177f, 
3181 
Micromotion, implant, 2795-2796 
Microscopic polyangiitis, 277 
Microsomia, hemifacial, 1627 
Microsurgery, vestibular schwannoma, 
2563-2565, 2564f, 2565f 
Microtia, otoplasty, 3146, 3146f 


Microvascular decompression 
subjective nonpulsatile tinnitus, 
2603-2604 
Microvascular free tissue harvest, 50 
Microvascular reconstruction approaches, 
midface, 2845-2846 
Midazolam, 65, 65t, 241 
Midbrain syndromes, 202-203, 204f 
Middle ear implants 
biological aspect of, 2644 
complications of, 2647 
current device technology, 2643f, 
2644-2645, 2644f 
direct cochlear fluid stimulation, 
2643-2644, 2644f 
direct ossicular or cochlear stimulation, 
2642-2643 
indications, 2645-2646, 2645f 
ossicular attachment, 2643, 2643f 
outcomes of, 2647 
overview of, 2641-2642 
patients history, 2642 
postimplantation and fitting, 
2646-2647 
surgery, 2646 
Middle ear myoclonus, 2611 
Middle facial zone 
functional and aesthetic issues, 2910 
reanimation 
first-stage cross-face nerve grafting, 
2914 
free muscle transfer, 2913, 2914, 
2916-2917 
lower facial zone, 2917 
nasolabial fold, 2911 
nose, 2911, 2914f 
oral commissure and smile, 
2911-2912, 2915f 
temporalis transfer, 2912-2913 
Midface 
assessment of, for plastic surgery of face, 
2766-2767 
augmentation of, implants for, 
2792-2793, 2792f 
defects of, microvascular reconstructive 
approaches to, 2845-2846 
fracture, 1280 
anatomy 
buttresses, 1209, 1210f 
maxilla, 1209 
zygoma, 1209-1210, 1210f 
complications 
eye/eyelid/orbital, 1221 
implant, 1221-1222 
lip distortion, 1221 
malocclusion, 1222 
sensory disturbance, 1222 
temporal hollowing, 1222 
computed tomography, 1210f, 
1213-1214, 1214¢ 
management 
extended access approach, 1215 
immediate reconstruction, 1214, 
1214t 
maxillomandibular fixation, 
1214-1215 
stable internal fixation, 1215 


zygomaticomaxillary complex. See 
Zygomaticomaxillary complex 
pathophysiology 
maxilla, 1210-1211, 1211f, 1219f 
zygoma, 1211-1212, 1211f-1212f 
patient evaluation 
facial assessment, 1213 
ophthalmologic exam, 1213 
physical exam, 1212-1213 
technical adjuvant 
computer-aided surgery, 1222 
intraoperative CT scanning, 
1222-1223 
Midfacial degloving approach, 2088 
Midforehead lift, 3058f, 3064-3065 
Midline labiomandibular glossotomy, 
1908, 1909f 
Midline osteotomy genioglossus advance- 
ment, 2231-2232, 2232f 
Midline posterior glossectomy, 2232, 
2232 
Migraine 
auditory symptoms, 207 
clinical symptoms, 205 
diagnosis and classification, 205, 206t 
etiology, 207 
management, 207-208, 208f 
neurologic symptoms, 207 
vertigo manifestations, 205-206 
vestibular symptoms, 206-207 
Migraine disorders, vestibular and balance 
laboratory study, 2302 
Migraine-associated vestibulopathy, 2728 
Migrainous vertigo 
clinical features, 2704 
pathophysiologic mechanisms, 
2704-2705 
treatment, 2705 
Milia, 3212, 3215 
lower eyelid blepharoplasty, 3101 
treatment of, 3226 
Miller Fisher syndrome, 1040 
Miller syndrome, 1638 
Mind-body medicine, 317-318 
Mini split-thickness skin graft, 2473 
Minimally invasive endoscopic resection, 
670 
Minimally invasive video-assisted thyroid- 
ectomy, 2123 
Mini-trephination, 683 
Minor intrinsic laryngeal cartilages, profes- 
sional voice, 1061 
Mitochondrial genomic deletions, 125 
Mitomycin C, 1150 
Mixed connective tissue disease, 275 
Mixed hearing loss, 2640. See also Hearing 
loss 
Mobius syndrome, 1638-1639 
Modified barium swallow, 165 
Mohs surgery 
for lip cancer, 1793, 1795f 
for skin cancer, 1731 
Molluscum contagiosum, 3220, 3220f 
treatment of, 3228 
Mondini malformation, 1534 
Monofilament suture, 22 
Mononeuropathy, 1038 


Moraxella catarrhalis, 1354 


pediatric rhinosinusitis and, 1458, 1458t 


Morphine, 45, 45¢, 64, 241 
Mosaic cartilage tympanoplasty, 2480, 
2482f 
Motion sickness, 206 
Motor nerve, injury to, during forehead 
lift, 3070 
Motor neuron disorders 
amyotrophic lateral sclerosis, 1037 
poliomyelitis, 1038 
progressive bulbar palsy, 1037-1038 
spinal muscular atrophy, 1038 
Mucoepidermoid carcinoma, 193f 
salivary gland, 1764-1765, 1764f, 1782 
Mucolytics, chronic rhinosinusitis, 
591-592 
Mucopolysaccharidoses 
otologic manifestations, 2527 
Mucosal edema, 2401 
Mucous membrane pemphigoid, 
744-745, 744f 
Mulliken method, single-stage bilateral 
nasolabial cleft repair, 1564, 
1564f 
Multidisciplinary team approach 
components of, 1676, 1676t 
efficacy of, 1676-1677 
presentations, 1676, 1677f 
Multiple endocrine neoplasia syndromes, 
262-263, 263t 
Multiple mucosal melanoma syndrome, 
1639 
Multiple sclerosis 
Armnold-Chiari syndrome, 2729 
ataxia syndromes, 2729 
examination findings, 2728-2729 
neurologic disorder, 1036-1037, 1036f 
neurotologic signs and symptoms, 2728 
thiamine deficiency, 2729-2730 
Multiple systems atrophy, 1031-1032 
Mumps, 703-704, 1529 
otologic manifestations, 2520 
sialadenitis, 1468 
Munchausen syndrome 
aerodigestive tract, 1407 
Muscle(s) 
face, 3239, 3240f 
of forehead, 3054, 3055f 
of nose, 2924, 2924t 
Muscle tension dysphonia, voice therapy, 
1055 
Muscular dystrophies, 1042 
Myasthenia gravis, 211-212, 1040-1041 
perioperative management, 42-43 
Myasthenic syndrome, 1041 
Mycobacterial infection, 979-980 
Mycobacterial lymphadenitis, 1595 
Mycoses, pharyngitis in, 766 
Myelinopathy, 1038 
Myeloid differentiation primary response 
(MyD88)-dependent signaling, 
380, 380f 
Myiasis, 291 
Myopathic disorders, 1042 
Myopathies, 1042 
Myopia, 221 


Myotonic dystrophy, 1042 
Myringotomy, 2405 
Myxedema coma, 258 


N 
Nager acrofacial dysostosis syndrome, 
1639 
Naloxone, 242 
Naltrexone, tobacco cessation, 335 
Narcotic agonists and antagonists, 
241-242 
Nasal airway resistance, 365 
Nasal and palatal surgery. See Sleep apnea 
Nasal and paranasal sinuses 
autoimmune disease 
Churg-Strauss syndrome, 495-496, 
496f 
relapsing polychondritis, 494-495, 
495f 
Sjogren syndrome, 496, 497f 
Wegener granulomatosis, 493-494, 
494t 
congenital/genetic disorder 
cystic fibrosis, 489-490, 490t 
lymphoma, 490-491 
granulomatous. See Sarcoidosis 
hematologic disorders 
coagulation disorders, 498-499 
hereditary hemorrhagic telangiectasia, 
497-498 
thrombocytopenia, 498 
Nasal base 
stabilizing of, in nasal tip surgery, 2965f, 
2969-2971, 2969f, 2970f 
structures of, 2932-2933 
Nasal cavity, anatomy of, 7-8, 7f 
Nasal dorsum 
anatomy 
aesthetic subunits, 2952, 2953f 
nasal bones and upper lateral carti- 
lages, 2952-2953, 2954f 
nasion, alar groove, 2952, 2953f 
skin and subcutaneous tissue, 2952 
bony vaults 
anatomy, 2953 
defects of, 2956, 2956t 
management of, 2956t, 2959-2962, 
2959f-2962f 
cartilaginous vaults 
anatomy, 2953 
defects of, 2956-2957 
management of, 2957-2958, 2958f, 
2959f 
nasal analysis 
aesthetic angles, 2954 
brow-tip aesthetic line, 2955, 2956f 
chin-down view, 2954, 2955f 
dorsal projection, 2955-2956, 2956f 
nasal length, 2954, 2955f 
Nasal fracture, 1277 
anatomy, 1241-1242, 1242f 
in children, 1250-1251 
complications, 1252-1253, 1252t 
diagnosis 
history, 1245-1246 
imaging, 1247 
physical examination, 1246, 1246f 
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management of 
classification, 1248-1249, 1249f 
closed reduction, 1248-1249 
general anesthesia, 1247 
goal of, 1247-1248 
ice pack, 1247 
open reduction, 1248, 1250, 1250f 
primary septal repair, 1250 
septum, 1248 
pathophysiology 
bilateral displaced fracture, 1242, 1243f 
bony nasal cap, 1243, 1244f 
curvature illusion, 1242, 1243f 
impact force, 1242 
nasal pyramid and obstruction, 1242, 
1244f 
naso-orbital-ethmoid complex, 1243 
septum fracture, 1244, 1245f 
unilateral depressed fracture, 
1242-1243, 1243f 
technique, 1251-1252, 1251f-1252f 
Nasal obstruction, 2193 
anatomic causes of, 363-365 
clinical history, 612 
clinical investigations, 613 
Cottle maneuver, 619, 619f 
differential diagnosis, 613, 613t 
external and internal nasal valves, 619, 
619f 
imaging, 613 
nasolacrimal duct cyst, 1330, 1330f 
operative procedures 
cartilaginous grafts, 619-620 
Park suture placement, 620, 620f 
spreader grafts, 619, 620f 
physical examination, 612-613 
septoplasty. See Septoplasty 
treatment options, 613-614, 614t 
turbinate reduction. See Inferior turbi- 
nate hypertrophy 
Nasal polyps 
allergy, 530-531 
aspirin exacerbated respiratory disease, 
531-532 
asthma, 531 
clinical presentation 
anterior rhinoscopy, 526-527, 
526f-527f 
histopathologic examination, 526 
imaging studies, 527-528, 528f 
nasal endoscopy, 527, 527f 
sinonasal symptoms, 526 
cystic fibrosis, 532 
differential diagnosis, 526t 
epidemiology 
age, 526 
autopsy study report, 525 
ethnic and geographic differences, 
525-526 
genetic predisposition, 526 
questionnaire and survey studies, 
525 
etiology, 530 
fungi, 531 
histopathology, 529-530, 529f 
natural history of, 529 
severity classification in, 528 
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Nasal septum 
anatomy of, 363, 363f, 2933 
deviated 
causes, 614 
septoplasty. See Septoplasty 
submucous resection, 614 
role of, 2934 
Nasal surgery 
breathing and impact on sleep 
airflow, 2193 
nasal obstruction, 2193 
polysomnogram, 2194, 2194t 
sleep disturbance, 2194 
Starling resistor, 2193-2194 
nasal resistance, 2192-2193 
nasal turbinates, 2194-2195 
patients evaluation, 2193 
symptoms of, 2192-2193 
Nasal tip 
anatomy of, 2964-2969, 2965f-2968f 
devastated 
central tip support 
alter tip location, 3014, 3014f 
case studies, 3018 
caudal excess nasal deformity, 3017 
collapsed/displaced alar cartilages, 
3016, 3017f-3018f 
overresected nose, 3014-3015 
septal extension graft. See septal 
extension graft 
sidewall tensioning, 3017f-3018f, 
3018-3019 
lateral tip support 
alar rim graft, 3020-3021, 3020f 
alter tip location, 3016f, 3019 
composite graft, 3020 
lateral crural strut graft, 3019-3021, 
3020f 
severe scar contracture, 2992f, 
3019-3020 
sidewall tensioning, 3021 
structural grafting, 3019 
ideal contour of, 2964, 2966f 
position of, 2923f 
projection, assessment of, for plastic sur- 
gery of face 
Goode’s method, 2765-2766, 2765f 
Powell and Humphries method, 2765, 
2765f 
Simons’s method, 2765 
versus tip rotation, 2765, 2765f 
support of, 2935-2936 
Tardy classification of, 2935 
tripod concept of, 2935 
surgery of, 2964-2976 
analysis and diagnosis for, 
2964-2969, 2965f-2968f 
modification of tip in, 2971-2976, 
2971f-2976f 
preoperative planning for, 2969 
stabilizing nasal base in, 2965f, 
2969-2971, 2969f, 2970f 
techniques for, 2969-2976 
Nasal valve 
anatomy of, 363, 363f 
collapse of, nasal obstruction in, 364 
Nasal wall, lateral, anatomy of, 359-360 


Nasal-tip incisions, 2943, 2945f 
Nasoalveolar molding, 1562 
Nasofacial angle, 2765 
Nasofrontal angle, 2762, 2763f 
Nasogastric tube, 62-63, 62f 
Nasolabial angle, 2765 
Nasolacrimal duct cyst, nasal obstruction, 
1330, 1330f 
Nasoorbitoethmoid fracture, 1277, 
1281-1282, 1282f 
Nasopalatine duct cyst, 2100 
Nasopharyngeal anatomy, 12f, 13 
Nasopharyngeal carcinoma, 191f, 1603 
chemotherapy, 1698-1699 
clinical presentations of, 1876-1878 
computed tomography, 141, 142f 
diagnosis of, 1878, 1883, 1888 
imaging studies in, 1878-1883, 1888 
histologic classification of, 1876 
histopathology of, 1875-1876 
nonkeratinizing, 1876, 1876f 
oncogenic factors, 1875 
persistent or recurrent, management of, 
1888-1893 
recurrent management of, 1888-1893, 
1891f, 1892f, 1893f 
squamous cell, 1875 
staging of, 1878, 1883-1886, 1887t 
treatment in 
chemotherapy, 1887-1888, 1893 
radiotherapy, 1876, 1879, 1886-1887, 
1889, 1893 
undifferentiated, 1875, 1876, 1876f, 
1887t 
Nasopharyngeal obstruction 
pathophysiology, 1306, 1308f 
postnatal diagnosis, 1311-1312, 1312f 
prenatal diagnosis, 1309, 1309f-1310f 
treatment, 1316-1318, 1317f-1318f 
Nasopharyngectomy, in recurrent naso- 
pharyngeal cancer, 1889-1893, 
1893f 
National Comprehensive Cancer Network 
guidelines, malignant melanoma, 
1744 
National quality forum, 3376 
Natural products, 317 
Naturopathic medicine, 320-321 
Naugle exophthalmometer, 1230 
Near-total laryngectomy, 1972 
Neck 
aging 
anatomy, 3131-3133, 3132f, 3133f 
classification and evaluation, 3133, 
3134f, 3135, 3135f 
complications and management, 
3139-3140 
treatment 
ptotic submandibular glands, 3137 
retrognathia, 3137 
thytidectomy, 3136 
submental liposuction and ante- 
rior platysmaplasty, 3137-3138, 
3138f, 3139f 
targeted surgical treatment plan, 
3135, 3135t 
tumescent technique, 3136 


anatomy of 
arterial supply, 15, 15f 
cervical triangles, 13-14, 14f 
inferior portion, 14, 15f 
lateral portion, 15 
lymphatic system, 16 
venous supply, 16, 16f 
visceral structures, 16-17, 16f 
assessment of, for plastic surgery of face, 
2767-2768 
deep spaces of 
classification, 796-797, 797t 
entire neck, 797-799, 797f, 798f 
fascial organization 
classification, 794, 795t 
deep cervical fascia, 796 
midsagittal visualization, 794, 795f 
superficial cervical fascia, 795 
hyoid bone 
anterior visceral space, 800 
masticator space, 800 
parapharyngeal space, 799, 799f 
parotid space, 800 
peritonsillar space, 800 
submandibular and sublingual 
spaces, 799-800 
suprasternal space, 800 
temporal space, 800 
infections of 
bacteriology of, 800-801 
complications, 804-805, 805f 
danger spaces, 806-807, 808f 
diagnosis, 801-803, 801f 
etiology, 794 
management, 803-804, 804f 
masticator space, 810 
mediastinitis, 805 
necrotizing cervical fasciitis, 
805-806 
parapharyngeal space, 809-810, 
809f 
parotid space, 810 
prevertebral spaces, 806-807 
retropharyngeal spaces, 806-807, 
807f 
submandibular space and ludwig 
angina, 807-809, 808f, 809f 
implants for, 2794-2795 
injury 
penetrating 
anatomy, 1135, 1135f 
clinical signs and symptoms, 1136, 
1136t 
complications, 1139 
laryngotracheal, 1139 
management algorithm, 1136, 1137f 
pharynx and esophagus, 1139 
vascular evaluation, 1138-1139 
zone I, 1137-1138 
zone II, 1138 
zone III, 1138 
secondary survey of trauma, 
1101-1102, 1101f 
larynx cancer treatment, 1973, 1974t 
Neck dissection 
adjuvant therapy with, 1827 
air leaks after, 1830-1831 


anatomy of 
anterior, 1807-1811 
fascial compartment, 1810 
lymphatics, 1810-1812, 1811f 
marginal mandibular branch of facial 
nerve, 1807-1808 
nerve to levator scapulae, 1809 
platysma muscle, 1807 
spinal accessory nerve, 1808-1809 
thoracic duct, 1809-1810 
vasculature, 1807, 1808f 
apnea after, 1832 
biopsy for 
fine-needle aspiration, 1813, 1814 
sentinel node, 1814-1815 
bleeding in, 1831, 1833, 1834 
blindness after, 1832 
carotid artery rupture after, 1832-1834 
central compartment, 1820, 1823 
chylous fistula after, 1831-1832 
classification of, 1810, 1815-1826, 1816t 
complications of, 1807, 1814, 1830-1834 
current controversies in, 1827-1830 
diagnostic evaluation for, 1812-1815, 
1826 
extended supraomohyoid, 1819, 1822 
extent of, 1807, 1815, 1817, 1820, 1826, 
1827, 1829, 1830, 1832 
facial/cerebral edema after, 1832 
imaging studies for, 1811-1813, 1824, 
1833 
incisions in, 1807, 1809, 1832 
indications for 
rationale for, 1820-1822 
infection after, 1830, 1831 
jugular vein 
blow-out after, 1834 
thrombosis after, 1832 
lateral, 120, 1807-1812, 1816, 1817, 
1819, 1820f, 1823-1825, 1830, 
1832 
paratracheal, 1811, 1812, 1820, 1824, 
1825 
physiology of, 1812 
planned, after organ-preservation sur- 
gery, 1828-1830 
posterolateral, 1807, 1820, 1821f 
radiation therapy after, 1812, 1822-1824, 
1827-1829, 1832, 1833 
radical, 1809, 1815-1817, 1816f, 1816t, 
1818-1820, 1822, 1829 
retropharyngeal, 1811, 1812, 1814, 
1824-1825 
selective 
extended, 1815, 1816f, 1819, 1822, 
1824 
indications for, 1822, 1823, 1829 
rationale for, 1820-1822 
sequelae of, 1830, 1834 
types of, 1819, 1822, 1823, 1829 
staging and, 1814, 1815, 1822 
upper mediastinal, 1814, 1824, 1825 
Necrotizing cervical fasciitis, 805-806, 
806f 
Necrotizing sialometaplasia, 281, 713 
versus minor salivary gland tumor, 1770 
Needle thoracentesis, 1098f 


Neisseria gonorrhea infection, 1433 
pharyngitis in, 765 
Neonatal intensive care unit, 1508 
Neonatal respiratory distress 
anatomy and physiology, 1328 
evaluation and treatment of, 
1328-1330, 1329f 
fetal assessment, 1335-1336, 1335f 
larynx 
flexible endoscopic evaluation of 
swallowing, 1332-1333 
laryngeal atresia, 1333, 1333f 
laryngomalacia, 1332, 1332f 
subglottic hemangioma, 1334, 1334f 
nasal obstruction, 1330-1331, 
1330f-1331f 
oral cavity/oropharynx/hypopharynx, 
1331-1332 
trachea/bronchi, 1334-1335, 1335f 
Neoplasms 
of cell-specific origin, 2358-2365 
ear and lateral skull base, 2358-2382, 
2359t, 2360f 
head and neck masses 
benign neoplasms, 1600-1601 
malignant neoplasm, 1601-1603 
of the internal auditory canal and cer- 
ebellopontine angle, 2376-2381 
of nose and paranasal sinuses, 
2044-2062 
of pinna and external auditory canal, 
2365-2370 
Neural discontinuity 
auricular nerve, 2906, 2906f 
donor nerves, 2906, 2906f 
sural nerve, 2906, 2906f 
Neural stimulators, 2624 
Neural tumors, 1600 
orbital, 2068-2069, 2070f 
Neurilemmoma, 2069 
Neuroblastoma, 1602-1603 
Neurodegenerative diseases, 374 
Neurofibromas 
facial, 3218 
treatment of, 3227 
Neurofibromatosis 
in hearing loss, 1548-1549 
type-1, 1630, 1631f 
type 2, 1630 
Neurogenic sarcomas, 2048 
Neurogenic shock, 1099 
Neurohypophysis, 257 
Neurologic disorder 
larynx 
ataxic disorders, 1034 
bulbar palsy, 1037 
diagnosis and treatment, 1029-1030, 
1029t 
electromyography 
applications, 1044-1045, 1045f 
needle electromyography, 
1043-1044 
technique of, 1043-1044, 1043f, 
1044f 
hoarseness, 1026 
human vocal process, 1026, 1027f 
hyperkinetic disorders, 1032-1034 
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hypokinetic disorders, 1030-1032, 
1031f, 1032t 
laryngeal presentation, 1045t 
mixed disorders, 1034-1037 
motor neuron disorders, 1037-1038 
myopathic disorders, 1042 
neuromuscular junction, 1040-1042 
peripheral neuropathies, 1038-1040, 
1039f, 1040f 
postpolio syndrome, 1038 
spastic disorder, 1030 
midface fracture, 1213 
Neurology 
autoimmune neurologic diseases 
myasthenia gravis, 211-212 
Susac syndrome, 212-213, 213f 
cerebrovascular disease. See 
Cerebrovascular disease 
Chiari malformations, 214, 214f 
cranial nerve anatomy and function, 
199, 200f, 201f, 202t 
and internal medicine workup, bilateral 
vocal fold immobility, 1019 
migraine 
auditory symptoms, 207 
clinical symptoms, 205 
diagnosis and classification, 205, 206t 
etiology, 207 
management, 207-208, 208f 
neurologic symptoms, 207 
vertigo manifestations, 205-206 
vestibular symptoms, 206-207 
neoplasms 
brainstem, 213-214 
cerebellar, 214 
vestibular schwannomas, 213, 213f 
neuromuscular disorders 
amyotrophic lateral sclerosis, 
208-209, 209t 
Guillain-Barré syndrome, 210 
multiple sclerosis, 210-211 
pseudobulbar palsy, 209-210 
normal-pressure hydrocephalus, 214 
Neuromonics, 2603 
Neuromuscular blocking agents, 242-244, 
242t 
Neuropathic pain, 312, 348, 350 
Neurophysiologic monitor, ideal, charac- 
teristics of, 2315t 
Neuropsychiatric problems, postoperative 
management of, 41-43 
Nevoid basal cell carcinoma syndrome, 
2102 


Nevus 
basal cell, 2102 
blue, 3219, 3220f 
treatment of, 3228 
compound, 3218, 3219f 
dermal, 3218, 3218f 
Jadassohn, 3216, 3216f 
junctional, 3218, 3218f 
melanocytic, 3218, 3227 
treatment of, 3227 
of Ota, 3219, 3219f 
treatment of, 3226 
Nevus sebaceus, 3216, 3216f 
treatment of, 3226 
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Newborn nasal deformity, 1277 
Nicardipine, 35 
Nicotine replacement therapy, 333 
Nitroprusside, 35, 36t, 39 
NO neck 
management of 
biopsy in 
sentinel lymph node biopsy, 
1844-1845 
ultrasound-guided fine needle aspi- 
ration, 1841 
controversies in, 1843-1844 
elective neck dissection, 1842-1843 
elective neck irradiation, 1843 
future directions in, 1844-1845 
lateral and anterior-posterior lympho- 
scintigraphy, 1845, 1845f 
occult metastases, 1839-1840, 1840t 
impact of, 1840 
incidence of, 1839-1840, 1840t 
risk factors for, 1842, 1842t 
overview of, 1839-1846 
pathologic predictors of, 1846 
radiographic imaging 
computed tomography, 
1840-1841 
magnetic resonance imaging, 
1840-1841 
positron emission tomography, 
1841 
oral cavity cancer 
lip cancer, 1866 
mandibular involvement, 1866 
pathologic predictors of, 1846 
Nocardia infection, 287f, 288 
Nodular melanoma, 1741 
Noise-induced hearing loss 
acoustic trauma, 2532 
compensation and, 2537 
diagnosis of, 2536, 2536t 
epidemiology of 
damage risk criteria, 2534-2535, 
2535f 
industrial noise exposure, 2534, 
2534t 
nonoccupational exposures, 
2535-2536 
management of 
clinical presentation, 2538-2539 
hearing conservation, 2537-2538, 
2538t 
nonauditory effects of, 2539 
pathogenesis of 
age-related hearing changes, 2531f, 
2532-2533 
drugs and chemicals, 2533-2534 
otoacoustic emissions, 2534 
pathology, 2532, 2532f, 2533f 
pathophysiology, 2534 
pure-tone threshold shifts, 
2530-2531, 2531f 
vibration interaction, 2532 
prevention of, 2539 
Noise-induced permanent threshold shift, 
2530-2532, 2534-2536 
Nonablative resurfacing lasers, 2867 
Nonabsorbable suture material, 22 


Nonallergic rhinitis 
aging, 485 
atrophic rhinitis, 482-484 
autonomic rhinitis, 482 
classification, 470 
drug-induced rhinitis 
aspirin exacerbated respiratory disease, 
477-479 
thinitis medicamentosa, 4771, 
479-480, 479f 
systemic anti-hypertensive medica- 
tions, 475, 476t, 477 
eosinophilia syndrome, 473 
epidemiology and social impact, 
469-470 
hormone-induced rhinitis, 480-481, 
481t 
idiopathic rhinitis 
anterior rhinoscopy and endoscopy, 
471 
cold dry air provocation test, 471 
CT scan, 471 
etiology, 470 
nasal symptoms, 471, 471t 
pharmacologic therapy, 471-472 
smoking history, 471 
surgical options, 472-473 
occupational rhinitis 
causes of, 474 
diagnosis of, 475 
immunologic testing, 475 
nasal provocation, 475 
prevalence of, 474, 474t 
tisk factors, 474-475 
treatment, 475 
physiology, 470 
systemic causes of, 484, 484t 
Nonarteritic ischemic optic neuropa- 
thy, 233 
Non-HIV-related lymphoepithelial 
cysts, 704 
Non-Hodgkin lymphomas 
aggressive, 2036-2037 
indolent, 2036 
Non-mendelian genetics 
additional epigenetic influences, 121 
chromosomal anomalies, 122-123 
complex genetics, 122 
digenic inheritance, 121-122 
genomic imprinting, 119-121 
mitochondrial inheritance and muta- 
tions, 119 
Nonsurgical organ preservation therapy, 
160-161, 161f 
Nontuberculous mycobacterial infections, 
286, 704 
Noonan syndrome, 1639 
Norepinephrine, 59 
Normal-pressure hydrocephalus, 214 
Norrie disease, in hearing loss, 15431, 1550 
Nose, 2919-2939 
acquired immune response in, 368-369 
aesthetic subunits of, 2874, 2874f 
alar lobule and nasal sidewall of, 2873 
anatomy 
surface, 2919, 2920f, 2921, 2921f 
subunits of, 2919, 2921 


topography and, 2921-2924 
surgical, 2919-2939 
valvular, 2937-2938 
anatomy of, 2872-2873 
areas of structural void, 2936-2937 
assessment of, for plastic surgery of face, 
2764-2765 
blood supply to, 2872-2873, 2924-2925 
bony piriform platform surrounding, 
2873 
cantilever concept of, 2934 
congenital anomalies 
clinical and pathologic features 
congenital nasal mass, 1451, 1452¢ 
nasoethmoidal, 1449, 1450 
nasofrontal, 1449, 1451f 
nasoorbital, 1449, 1450f 
occipital encephaloceles, 1451 
sinus tract, 1447, 1449f 
embryology 
dermoid, 1446-1447, 1447f 
encephalocele, 1447, 1448f 
fonticulus nasofrontalis, 1445, 
1447f 
foramen cecum, 1445, 1447f 
glioma, 1447 
nasal capsule, 1445, 1447f 
neural tube formation, 1445, 
1446f 
prenasal space, 1445, 1447f 
evaluation, 1451, 1452f 
surgical treatment 
craniotomy, 1454 
CSF rhinorrhea, 1454 
rhinoplasty incision, 1452, 1453f 
vertical midline incision, 1452, 1453f 
defects of 
analysis of, 2873-2875, 2874f, 2874t 
etiology of, 2872 
large 
forehead flap in, 2885-2886, 2885t, 
2886f-2892f, 2888-2889 
preoperative considerations in, 
2884 
small 
bilobed flap in, 2877, 2879-2880, 
2882f 
grafts and flaps for, 2875-2876, 
2876t 
melolabial flap in, 2881, 
2883f-2884f, 2884 
primary closure of, 2877, 2879f, 
2880f, 2881f 
reconstructive options for, 2876t 
Reiger flap in, 2880 
thomboid flap in, 2877 
second intention healing in, 2876 
skin and composite grafts in, 2877, 
2877t, 2878f 
dorsal, reconstruction of, with compos- 
ite septal flap, 2895 
ethnic variations in, 2938-2939 
external, anatomy of, 7, 7f 
external nasal skin, 2872 
function of, maintenance of, following 
nasal restoration with flaps and 
grafts, 2991 


grafting of 
for form, 2891, 2894f, 2984 
techniques of, 2894-2895, 2896f, 
2897f 
inner lining of, 2925 
intermediate crus of, 2930-2931, 2931f 
internal lining defects of, repair of 
cutaneous epithelium for, 2898, 2900, 
2901f 
full-thickness skin grafts for, 2895, 
2898, 2899f 
intranasal tissue for, 2900, 2902-2903 
pericranial flap for, 2903 
intranasal mucosa, 2873 
lateral crus of, 2931-2932, 2931f 
ligamentous attachments of, 
2934-2935 
lower cartilaginous vault of, 
2929-2930 
mechanics and stability of, 
2933-2937 
medial crus of, 2930 
musculature of, 2872 
nasal tip surgery. See Nasal tip 
neoplasms, 2044-2062 
nerve supply to, 2925 
osseous vault of, 2927-2928 
physiology of, 365-369 
protection of, 367-369 
reconstruction of 
with flaps and grafts, 2871-2903 
history of, 2871-2872 
rhinoplasty. See Rhinoplasty 
sensory nerve supply of, 2873 
skeletal framework of, 2925-2932 
skin-soft tissue envelope of, 2924-2925 
soft tissue injuries, 1119-1120 
soft tissue of, 2872 
structural framework of, 2873 
structural support and grafting for, 2889, 
2891, 2893f, 2894-2895 
upper cartilaginous vault of, 2928-2929 
vascular anatomy, 503f 
external carotid arterial system, 503 
internal carotid arterial system, 
503, 503f 
vascular anastomoses, 504 
venous drainage, 503-504 
Nosocomial acute bacterial rhinosinusitis, 
512 


Nosocomial infection, 44 
Nuclear medicine, 158 

Nuclear scintigraphy, 161 
Nutcracker esophagus, 854 
Nutrition 

lip cancer, 1804 

preoperative, 26 

Nystagmus 

gaze-evoked nystagmus, 2685 
hyperventilation-induced, 2698 
rotation-induced, 2687 
spontaneous, 2684-2685, 2719 


O 

Obesity, obstructive sleep apnea and, 
2206-2207 

Obstructive adenoid hyperplasia, 1434 


Obstructive sleep apnea. See Sleep apnea, 
obstructive 
Occipital encephaloceles, congenital 
anomalies, nose, 1451 
Occipital neuralgia, 312 
Occlusal appliance therapy, temporoman- 
dibular joint, 788-789, 789f 
Occlusion, dental. See Dental 
occlusion 
Occult lymph node disease detection 
elective lymph node dissection, 
1745 
sentinel lymph node identification, 
1745-1748 
Occult metastases 
impact of, 1840 
incidence of, 1839-1840, 1840t 
Ocular torsion reaction test, dizziness, 
2690 
Ocular trauma 
blunt trauma, 228 
burns, 229 
cornea and conjunctiva 
blood dyscrasia, 227 
contact lens misplacement, 228 
comeal abrasion, 228 
foreign bodies, 228 
subconjunctival hemorrhage, 
227-228 
eyelid laceration, 227 
history and examination, 226-227 
orbital trauma, 227 
penetrating injuries, 228-229 
Oculoauriculovertebral dysplasia, 1552, 
1627-1629, 1627f 
Oculopalatolaryngopharyngeal myoclo- 
nus, 1034 
Oculopharyngeal muscular dystrophy, 
1042 
Odontogenic cysts, 2097-2113 
adenomatoid tumor, 2104-2105 
calcifying (Gorlin), 2099 
dentigerous, 2098-2099, 2098f 
glandular, 2099-2100, 2100f 
keratocysts, 2101-2102 
in nevoid basal cell carcinoma, 2102 
periapical, 2097-2098, 2098f 
radicular, 2097-2098 
Odontogenic infections 
buccal space, 773, 773f, 774f 
canine space, 773 
complications of 
cervical necrotizing fasciitis, 779 
deep neck space, 779 
mediastinitis, 779-780 
demographics of, 770 
localized, 771, 771f-773f, 772t 
ludwig angina, 777-778 
mandibular space, 774, 775f, 776-777, 
776f 
masticator space, 774, 775f 
microbiology of, 770 
treatment 
antibiotics, 779, 780t 
dental management, 778 
diagnostic imaging of, 778-779 
surgical approaches, 778 
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Odontogenic tumors, 2100-2106 
adenomatoid cysts, 2104-2105 
ameloblastoma, 2102-2104, 2103f 
calcifying epithelial, 2105 
myxoma, 2105-2106, 2105f 
Pindborg, 2105 

Odontomas, 2101 

Odors identification of, 371. See also 

Olfaction 

Office-based laryngeal procedure 
advantages, 1078 
airway and esophageal dilation, 1089 
airway evaluation and assessment 

anesthesia, 1080-1081 
cricoarytenoid joint fixation, 1081 
posterior glottic stenosis, 1081 
subglottic and tracheal stenosis, 
1081 
anesthesia 
equipment and medications, 1079f 
superior laryngeal nerve block, 1080 
topical application, 1079, 1080 
biopsy, 1081-1082, 1081f, 1082f 
laryngeal visualization, 1078 
laser procedures 
clinical indications, 1088 
CO2 laser, 1087-1088 
patient and surgeon positioning, 
1086-1087, 1087f 
potassium titanyl phosphate laser, 
1088 
pulse dye laser, 1088 
thulium laser, 1088 
monitoring, 1080 
patient selection and preparation, 
1078-1079, 1080f 
secondary tracheoesophageal puncture, 
1089 
transnasal esophagoscopy, 1089 
vocal fold injection 
advantages, 1082 
complications, 1086 
general anesthesia, 1082 
indications, 1082 
injection materials, 1086 
location and amount, 1083 
peroral approach, 1083, 1083f 
postprocedure care, 1086 
thyrohyoid approach, 1083-1085, 
1084f 
transcricothyroid membrane 
approach, 1085-1086, 1085f 
treatment, 1082 
OK-432, for lymphatic malformations, 
1471 
Olfaction 
anatomy 
craniofacial resections, 374 
olfactory epithelium, 371 
olfactory mucosa, 372, 372f 
olfactory neurons, 372 
olfactory loss 
chronic rhinosinusitis, 373 
congenital anosmia, 373-374 
dysosmia, 376 
electrophysiologic tests, 375 
evaluation, 374 
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Olfaction (Continued) 
head trauma, 373 
imaging studies, 375-376 
neurodegenerative diseases, 374 
phantosmia, 376 
psychophysical tests, 375, 375f 
sinus surgery complications, 658 
treatment, 376-377 
upper respiratory infection, 373 
physiology of, 366-367, 372-373 
Olfactory neuroblastoma, 2047, 20471, 
2048t 
Olfactory-event related potentials, 455 
Omentum, microvascular flaps of, 
2843-2844, 2843f 
Oncocytic Schneiderian papilloma, 187f 
Oncocytoma, salivary gland, 1763-1764, 
1763f 
Ondine curse, 918 
Open conservation laryngeal surgery, 
1969-1970 
near-total laryngectomy, 1972 
postlaryngectomy, 1972-1973 
supracricoid partial laryngectomy, 1971, 
1971f 
supraglottic laryngectomy, 1970-1971 
total laryngectomy, 1972 
vertical hemilaryngectomy, 1970 
Open mastoid cavity, 2477 
Open surgery, temporomandibular joint, 
790, 790f 
Operational adaptability, clinic manage- 
ment, 3334-3335 
Operative technologies 
dissection/hemostasis, 49-50 
operative field visualization, 50-51 
robotic resection oro/ hypopharyngeal 
lesion, 51-53 
Ophthalmologic evaluation 
imaging in, 232-233 
ocular trauma. See Ocular trauma 
pediatric ophthalmology, 229-230 
red eye. See Red eye 
in systemic disease 
arteriosclerosis, 232 
blood dyscrasia, 231 
collagen vascular disease, 231 
diabetes, 231-232 
hypertension, 232 
metastatic cancer, 231 
neurologic disease, 230-231 
ocular side effects, medications, 231 
systemic infection, 231 
thyroid-associated orbitopathy, 231, 
231f 
vision loss 
gradual, 221-222 
sudden, 222-223 
transient, 223 
Ophthalmoscopy, 220-221 
Opiates, 64, 65f 
Opitz (BBB/G syndrome), 1639 
Opitz-Frias syndrome, 126 
Opitz-G syndrome, 1320 
Optic canal meningioma, 2070f 
Optic nerve 
decompression, 635 
glioma, 2068-2069 


technique, 635-636 
Optic neuritis, 223, 223f 
Optic neuropathy, midface fracture, 1213 
Optokinetic nystagmus, 2305 
Oral appliances, obstructive sleep apnea, 
2182-2183 
Oral cancer 
alveolar ridge 
floor of mouth, 1867-1868 
hard palate, 1868-1869 
oral tongue, 1868 
chemotherapy, 1699-1700 
clinical presentation 
bleeding, 1857-1858 
erythroplakia, 1856f, 1857 
leukoplakia, 1856-1857, 1856f 
ulcerative lesion, 1857 
complication 
acute airway obstruction, 1870 
bleeding/hematoma formation, 1870 
osteoradionecrosis, 1870 
superficial burns, 1869-1870 
tooth decay, 1870 
diagnosis and evaluation of 
alcohol use, 1858 
dysarthria, 1858 
evaluation under anesthesia, 1861 
imaging use, 1858-1860 
lymphadenopathy, 1861 
physical examination, 1858 
pulmonary metastasis, 1860 
risk factors for, 1858 
staging of, 1860-1861 
trismus, 1858 
epidemiology, 1854-1855, 1855t 
etiology of, 1855-1856 
future directions in, 1871 
management of, NO neck, 1865-1866 
retromolar trigone, 1869 
staging and prognosis of, 1862-1863 
treatment 
chemotherapy, 1864 
radiation, 1863-1864 
surgery of, 1864 
Oral cavity 
anatomy 
AJCC staging manual, 1849, 1851f 
atomic structures, 1849, 1850f 
buccal mucosa, 1854 
floor of mouth, 1852, 1853f 
hard palate, 1853 
intrinsic muscles, tongue, 1852, 
1854f 
lower alveolar ridge, 1849 
musculature of, 1849, 1851f 
oral tongue, 1852, 1853f 
retromolar trigone, 1854 
superficial anatomic landmark, 1849, 
1850f 
upper alveolar ridge, 1852-1853 
microvascular reconstruction 
approaches, 2845 
odontogenic, 2097 
structures of, anatomy of, 9-12 
Oral decongestants, nonallergic rhinitis, 
472 
Oral dysphagia, 819 
Oral leukoplakia, 1646 


Oral lichen planus, 751-752, 752f 
Oral obstruction 
pathophysiology, 1306-1307 
postnatal diagnosis, 1312-1313, 1312f 
prenatal diagnosis, 1309, 1309f-1310f 
treatment 
ankyloglossia, 1318 
lingual choristomas, 1318-1319, 
1319f 
Orbicularis hypertrophy, lower eyelid 
blepharoplasty, 3086, 3087f 
Orbicularis oculi muscle hyperfunction, 
3074-3075, 3075f 
Orbicularis oris muscle, 1788, 1789f, 
1794, 1798, 1798f 
Orbit 
anatomy, 2065-2066, 2065f 
bones, 638 
extraconal space, 638-639, 639f 
intraconal space, 638 
lamina papyracea, 639 
opticocarotid recess, 639, 640f 
computed tomography, 144-145, 145f 
implants for, 2790-2791, 2791f 
sinus surgery complications 
bindness, 653-655 
diplopia, 655 
epiphora, 655 
hematoma, 650-653 
Orbit floor fracture, 1281 
Orbital abscess, 576 
Orbital cellulitis, 575-576, 576f, 630 
Orbital decompression 
background, 630 
endoscopic access 
endoscopic orbital decompression, 
633 
endoscopic transnasal, 632 
maxillary trephination, 633 
surgical risks, 633-634 
transcaruncular, 633 
fat, 632 
floor, 631-632, 632f 
indications, 630, 630f 
lateral, 631, 632f 
medial, 631, 631f 
superior, 632 
Orbital exenteration, 442 
Orbital fractures 
biomechanics, 1229 
clinical evaluation 
color perception, 1230 
CT scans, 1229-1230 
extraocular movements, 1230 
Naugle exophthalmometer, 1230 
ocular injury, 1230 
periorbital edema, 1229 
physical examination, 1230 
demographics and etiology 
blow-out fracture, 1227-1228, 1228f 
orbital roof fractures, 1229 
zygomaticomaxillary complex frac- 
tures, 1228, 1228f 
floor 
transantral endoscopic approach, 
1234-1235, 1234f, 1235f 
transconjunctival approach, 1233, 
1233f 


transcutaneous approach, 1232-1233, 
1232f 
lateral orbit and orbital roof 
coronal approach, 1237 
lateral brow approach, 1236-1237 
upper blepharoplasty approach, 1237, 
1237f 
medial orbit 
transcaruncular incision, 1235-1236, 
1236f 
transcutaneous approach, 1235 
transnasal approaches, 1236 
pathophysiology, 1229 
postoperative care, 1237-1238 
postoperative complications, 1238 
surgical indications 
blow-out fracture, 1231 


orbital roof fractures, 1231-1232, 1231f 


zygomaticomaxillary complex frac- 
tures, 1231 
Orbital pseudotumor, 226 
Orbital roof fractures, 1281-1282 
demographics and etiology, 1229 
surgical indications, 1231-1232, 1231f 
Orbital tumors 
classification, 2063-2064, 2064t 
clinical presentation, 2064-2065 
cystic lesions, 2071-2072 
hematopoietic, 2067-2068 
inflammatory, 2071 
lacrimal, 2074 
mesenchymal, 2072-2074, 2073f 
metastatic, 2075 
neural, 2068-2069, 2070f 
orbital anatomy, 2065-2066, 2065f 
postoperative care, 2077 
secondary lesions, 2074-2075 
surgical approaches to, 2075-2077, 
2076f, 2078f 
vascular, 2066-2067, 2067f 
Orbital varices, 2067 
Orbitozygomatic craniotomy, 2076, 2076f 
Organ of Corti, 2257-2258, 2259f, 2260f, 
2260t, 2747, 2748f 
Orofacial clefting, 1556 
Orofacial granulomatosis, 753 
Orofaciodigital syndrome, 1639 
Oropharyngeal cancer 
chemotherapy, 1697-1698 
diagnosis of 
endoscopic staging in, 1903, 1903t 
evaluation, 1902-1903, 1902, 1903t 
history taking in, 1902 
physical examination in, 1902 
emergencies in, 1913, 1913t 
etiology of, 1900 
histopathology of, 1900-1901 
natural history of, 1901-1902, 1901t 
prognosis in, 1914, 1914t 
surgery in, complications of, 1900 
treatment of 
complications of, 1913, 1913t 
follow-up after, 1913-1914, 1913t 
mandibular lingual release in, 
1906-1907, 1906f 
new and developing, 1914 
nonsurgical, 1905 
organ preservation, 1903 


primary tumor, 1905 

reconstruction of defects following, 
1910-1913, 1912f 

for squamous cell carcinoma, 
1903-1905, 1904t 

transmandibular, 1908-1910, 
1909f-1911f 

transoral approach, 1905 

transoral robotic surgery, 1905-1906 

transpharyngeal approaches, 
1907-1908, 1907f, 1908f 

Oropharyngeal defects, microvascular 


reconstructive approaches to, 2845 


Oropharyngeal obstruction 
pathophysiology, 1307, 1308f 
postnatal diagnosis, 1313 
prenatal diagnosis, 1309, 1309f-1310f 
treatment, 1319-1320, 1320f 

Oropharynx 
anatomy of, 12f, 13, 1898-1899, 1899f 
physiology of, 1899-1900 
surgery for, 2845 

Orotracheal intubation, 512 

Orthognathic surgery, 1562, 1568-1570 

Osler-Weber-Rendu syndrome, 126, 3217, 

3717 

Osseointegrated devices 
biological aspect of, 2639 
bone anchored hearing system 

complications, 2641 
conductive or mixed hearing losses, 
2640 
single-sided deafness, 2640 
surgery, 2640-2641, 2641f 
bone conduction, 2638-2639, 2639f 
current device technology, 2639, 2639f 
new device development, 2641 
outcome of, 2641 
overview of, 2638 
pediatric population, 2640 

Osseous genioplasty 
complications, 3187, 3187f 
gingivolabial incision, 3183, 3184f, 

3185 
osteotomy, 3185-3186, 3185f, 3186f 
soft tissue replacement, 3186, 3186f 
subperiosteal dissection, 3185, 3185f 
vertical chin reduction, 3186, 3186f 
wound care, 3186-3187 

Ossicles 
in aural atresia, 2348 
development of, 2242, 2243f 

Ossiculoplasty 
applied middle ear mechanics, 2478 
fixed ossicular chain, 2484 
gain mechanisms, 2466-2467, 2468t 
incus and stapes, 2481-2482, 2483f 
incus erosion 

applebaum prosthesis, 2479 

contour of prosthesis, 2480, 2481f 

incudostapedial joint reconstruction, 
2478 

incus interposition, 2479, 2480f 

middle ear anatomy, 2479, 2479f 

mosaic cartilage tympanoplasty, 2480, 
2482f 

partial ossicular replacement prosthe- 
sis, 2480 
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malleus, 2482-2484, 2483f 
principles, 2477-2478 
synthetic materials, 2478 
tympanoplasty. See Tympanoplasty 
Ossifying fibroma, 293 
Osteogenesis imperfecta, 1639-1640, 2492 
otologic manifestations, 2526-2527 
Osteogenic sarcoma, 2049, 2374 
Osteoma 
of external ear, 2369-2370 
of jaw, 2107 
orbital tumor, 2074 
Osteopathic medicine, 318 
Osteopetrosis 
otologic manifestations, 2527 
Osteoradionecrosis 
causes of, 1718 
fibular free flap, 1719, 1719f 
pathogenesis of, 1718 
reconstructive option, 1718-1719 
scapular/iliac crest free flaps, 1719 
treatment for, 1718 
Ostiomeatal complex, 538 
Otic capsule, development of, 2247-2249, 
2248f 
Otitic hydrocephalus, 2407 
Otitis externa, 136-137, 2335 
acute, 2335 
bacteriology, 2336 
bullous, 2343 
chronic stage, 2335, 2339 
complications of, 2340t 
conditions related to, 2343 
dermatoses, 2345-2346 
diagnosis, 2336, 2338t 
differential diagnosis, 2336-2337 
furunculosis and carbunculosis, 2344 
granular, 2343 
herpes zoster and herpes simplex virus, 
2345 
history taking in, 2336 
hypertrophic, surgical management of, 
2340, 2340t 
infectious eczematoid dermatitis, 2344, 
2344f 
medical treatment of, 2337-2338 
moderate stage, 2338-2339 
natural history of, 2337 
necrotizing (malignant), 2340 
clinical and radiographic findings, 
2341-2342 
diagnosis, 2340-2341 
medical treatment, 2345-2356 
surgical treatment of, 2343-2344 
otomycosis, 2345 
perichondritis and chondritis, 2344 
physical examination in, 2336 
radiation-induced, 2343 
relapsing polychondritis, 2344 
severe stage, 2339 
staging of, 2336, 2337f, 2338f, 2338 
Otitis media, 135-136 
antibiotic prophylaxis, 1493 
bacteriology of, 2399, 2400t 
clinical guidelines for, 1494t, 1497 
cochlear implants, 2635-2636 
complementary and alternative medi- 
cine, 323-324 
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Otitis media (Continued) 
complications of, 1500-1501, 2399, 
2400t 
bezold abscess, 2403 
chronic suppurative otitis media, 2400 
differential diagnosis of, 2403 
eustachian tube function, 2401 
intracranial complications, 
2404-2407 
labyrinthine fistula, 2401, 2403 
labyrinthitis, 2404 
malodorous discharge, 2400 
masked mastoiditis, 2403 
mastoiditis, 2401 
meningitis, 2401 
mucosal edema, 2401 
patterns of presentation, 2401, 2401t 
petrositis, 2401, 2403 
retrograde thrombophlebitis, 2401 
signs and symptoms, 2401, 2401t 
tissue edema production, 2400 
uncomplicated chronic otorrhea, 
2400 
diagnosis 
audiometry, 1480-1481 
immittance testing (tympanometry), 
1480 
pneumatic otoscopy, 1479 
symptoms and signs, 1479, 1480f 
environmental factor 
day careand siblings, 1483-1484 
feeding, 1484 
obesity, 1484-1485 
pacifier use, 1484 
socioeconomic status, 1484 
tobacco smoke exposure, 1484 
upper respiratory infection, 1483 
epidemiology, 1481 
facial paralysis in, 2513 
hearing devices, implantable, 1518 
host response factors, 1482-1483, 2399 
incidence of, 1481, 1481f 
leukotriene inhibitors, 1495 
local anatomy, 2399 
medications and substances, 1493 
pathogens exposure, 2399 
pathophysiology and pathogenesis, 
1485f, 2399 
allergy and immunology, 1487-1488 
bacterial infection, 1486 
biofillms, 1486-1487 
eustachian tube function, 1485-1486, 
1485f 
gastroesophageal reflux, 1488 
viral infection, 1487 
persistent perforation, 1499 
prevention 
bacterial vaccines, 1488-1489 
environmental factors management, 
1488 
viral vaccines, 1489-1490 
surgical treatment 
adenoidectomy, 1493-1494, 1496-1497 
myringotomy, 1493, 1495-1496 
otitis media with effusion. See Otitis 
media with effusion 
tympanocentesis, 1493 


treatment, 1490-1492, 1491t 
antibiotic prophylaxis, 1493 
decongestants/antihistamines, 1492 
steroids, 1492-1493 
tympanostomy tube 
audiologic examination, 1497-1498 
complications, 1498 
displacement of, 1499 
indications for, 1499 
ototopical drops, 1497 
selection of, 1497 
tympanosclerosis and atrophy, 1498 
water precautions, 1499-1500 
Otitis media with effusion, 136 
clinical guidelines for, 1494t, 1497 
incidence of, 1482 
risk factors, 1482 
treatment, 1494-1495, 1494¢ 
Otoacoustic emissions, 1512-1513, 1524, 
2258, 2266-2267, 2268f, 2269, 
2534 
clinical applications of, 2285, 2285t 
measurement of, 2284-2285, 2284f 
equipment of, 2284, 2284f 
OTOF gene, in hearing loss, 1545 
Otolaryngologic syndromes 
Apert syndrome, 1622-1623, 1623f 
associations in, 1621 
branchiootorenal syndrome, 
1623-1624, 1624f 
CHARGE association, 1625 
classification of, 1621-1622 


Crouzon syndrome, 1625-1627, 1625f, 


1626t, 1627f 

deformations, 1620 

disruptions, 1620 

Down syndrome, 1626-1627, 1626t 

fetal alcohol syndrome, 1635-1641, 
1635f 

forme fruste, 1620 

genetic counseling for, 1617, 1621 

Goldenhar syndrome, 1552, 
1627-1629, 1627f 

heterogeneity of, 1620 

history in, 1621 


inheritance of, 1617, 1618f, 1619, 1619f 


Kartagener syndrome, 1629 
malformations in, 1620 
Melkersson-Rosenthal syndrome, 
1629-1630, 1629f 
Melnick-Fraser syndrome, 1623-1624, 
1624f 
neurofibromatosis, 1630, 1631f 
physical examination in, 1621 
practical approach to, 1621-1622 
in Robin sequence, 1631, 1631f 
sequences in, 1620 
Shprintzen syndrome, 1631-1632, 
1631f 


Treacher Collins syndrome, 1632-1633, 


1633f 
Usher syndrome, 1633-1634 
Waardenburg syndrome, 1634, 1634f 
Otolaryngologist, in cough 
ACCP, 1348 
causes, 1350 
clinical significance, 1349 


commission crimes, 1351 
cystic fibrosis, 1351 
diagnosis, 1350 

etiology, 1349-1350 
evaluation, 1348 
expiratory phase, 1351 
false focal folds, 1351 
immunodeficiency, 1351 
pathology, 1349 

physical examination, 1350 
primary ciliary dyskinesia, 1351 
red herrings, 1349 


Otolaryngology 


geriatric, 298-302 
outcomes research in, 105 


Otologic manifestations 


autoimmune disease 
autoimmune inner ear disease, 
2523-2526 
Cogan syndrome, 2522 
polyarteritis nodosa, 2522-2523 
relapsing polychondritis, 2523 
theumatoid arthritis, 2523 
bone disease 
osteogenesis imperfecta, 2526-2527 
Paget disease, 2526 
granulomatous disease 
langerhans histiocytosis, 2521-2522 
sarcoidosis, 2522 
Wegener granulomatosis, 2522 
infectious diseases 
bacterial infections, 2520 
cytomegalovirus, 2519 
HIV infection, 2520 
lyme disease, 2521 
mumps and measles viruses, 2520 
rubella, 2519 
syphilis, 2520-2521 
varicella-zoster virus, 2520 


Otomycosis, 2345 
Otopalatodigital syndrome, 125, 1550, 1640 
Otoplasty 


anatomy and embryology, 3142-3143, 
3143f 
auricular anomalies 
deformations, 3144, 3145f-3146f 
etiology and classification, 3144 
psychosocial issues, 3146 
cartilage-shaping technique, 3156-3157, 
3157f, 3158f 
incision design 
antihelical fold, 3149, 3150f 
closure, 3151 
complications, 3152, 3156, 3156f 
conchal setback preparation, 3149, 
3150f, 3151 
constricted ear, 3152, 3153f-3155f 
dressing, 3152 
Furnas sutures placement, 3151 
helical root, 3149, 3149f, 3151 
injection, 3149 
lobule management, 3151-3152 
surgical procedure, 3149-3151 
malformations, 3144-3146, 3145f-3146f 
origins, 3142 
patient selection 
initial evaluation, 3146 


nonsurgical treatment, 3147 
surgical candidates, 3147 
surgical techniques, 3147-3148, 3148f 
Otorrhea, 1498 
Otosclerosis, 2487-2501, 2611 
amplification in, 2492 
bone remodeling, 2488 


differential diagnosis, 2490-2492, 2492t 


embryology of, 2487 

etiology of, 2488 

histology of, 2487-2488 

management of, 2492 

medical management of, 2492-2493, 
2493t 


pathophysiology of, 2488-2489, 2488f 


surgery 
anesthesia, 2494-2495 
anterior crurotomy, 2495-2496 
complications of, 2493t, 2500-2501 
contraindications to, 2493-2494 
indication, 2500, 2500t 
laser treatment, 2496 
management of, 2493 
notched bucket-handle prosthesis, 
2499 
numerous stapes prosthesis, 2498 
patient counseling for, 2494 
patient selection for, 2493-2494 
perilymph gusher, 2499 
perioperative steroids, 2498 
pitfalls of, 2500-2501 
postoperative care, 2498-2499 
prosthesis placement, 2497, 2498f 
rosette pattern, 2497, 2498f 
stapedial superstructure, 2496-2497, 
2497f 
technique for, 2494-2500, 
2495f-2498f, 2500t 
tissue graft, 2497, 2498f 
Otospongiosis, computed tomography, 
141, 142f 
Ototoxicity 
clinical monitoring of, 2547 
genetics of 
aminoglycoside, 2545 
cisplatin, 2545-2546 
hearing loss, 1531 
otoprotective strategies, 2546-2547 
systemic ototoxicity, 2543¢ 
aminoglycosides, 2542 
heavy metals, 2544 
iron-chelating agent, 2544 
loop diuretics, 2544 
macrolides, 2544 
platinum compounds, 2542-2543 
salicylates, nsaids and quinine, 2544 
vancomycin, 2544 
vinca alkaloids, 2543-2544 
topical ototoxicity, 2545 
Outcomes research 
definition of, 102 
and evidence-based medicine, 106-109 
history, 102 
in otolaryngology, results from, 105 
outcomes to be measured in, 104-105 
quality of life measurements and, 104 
steps in performing, 103-105 


types of, 102, 103f, 105-106 
validity and, 104 
Outer ear. See Ear, external 


Overlay tympanoplasty, 2474, 2475f, 2476 


Overresected nose 
augmentation graft, 3003-3004 
postsurgical deformities, 2991, 2992f 
Oxidized cellulose, 52 
Oxygen delivery, 55 
Oxygen extraction, 55-56 
Oxytocin, 253 


P 
Paget disease, 2491-2492 
bone(s), 293-294 
otologic manifestations, 2526 
Pain 
definition, 344 
facial. See Facial pain 
in head and neck cancer. See Head and 
neck cancer 
headache. See Headaches 
postoperative, pharmacologic manage- 
ment of, 45-46, 45t 
Palatal augmentation, 840 
Palatal myoclonus, 2610-2611 
Palatal obdurator, 840 
Palate 
adult tonsillectomy, 2197-2198 
anatomy of, 10, lif 
diagnosis and evaluation, 2196, 2196f 
expansion sphincter pharyngoplasty, 
2199-2200, 2200f 
failure of, 2199 
palatopharyngoplasty, 2197 
tori, 2106 
transpalatal advancement pharyngo- 
plasty, 2198-2199, 2198f, 2199f 
upper pharynx anatomy, 2195-2196 
uvulopalatopharyngoplasty, 2197 
Palate surgery, in obstructive sleep apnea, 
2210, 2211t 
Palifermin, 738 
Palliative care 
antineoplastic therapies 
chemotherapy, 341-342 
radiation therapy, 342 
surgery, 342 
clinical practice guidelines 
care structure and process, 343 
cultural aspects, 344 
ethical and legal aspects, 344 
imminently dying patient care, 344 
physical aspects, 343 
psychosocial and psychiatric aspects, 
343 
social aspects, 343 
spiritual, religious, and existential 
aspects, 343-344 
versus hospice care, 340 
pain in head and neck cancer. See Pain 
quality of life, 340 
Pallister-Hall syndrome, 126, 1320 
Pancreas 
diabetes mellitus, 261 
diabetic ketoacidosis, 261-262 
dysfunction of, 489 
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glucagon, 260-261 
glucose metabolism, 260 
hyperglycemic hyperosmolar state, 262 
hypoglycemia, 262 
insulin, 261 
multiple endocrine neoplasia syn- 
dromes, 262-263, 263t 
Pancuronium, 243 
Panfacial fracture 
anatomic reduction, 1165 
dimensions, 1165, 1166f 
emergency, 1163, 1164t 
fracture fixation, 1165, 1166f 
history and physical examination, 1163 
nasoethmoid complex, 1167 
orbital floor continuity, 1166-1167 
orbital/periorbital fracture, 1164 
radiologic evaluation, 1164 
skull base, 1165, 1165f 
subcranial approach, 1164-1165 
zygomatic arch fracture, 1166 
Papillary carcinoma, 2120 
Papillary thyroid carcinoma, 2116 
Papilloma 
laser procedures, 1088 
sinonasal tract, 2046t 
squamous cell, 2370 
voice therapy, 1054 
Paracoccidioidomycosis, 742, 742t 
Paraganglioma(s), 2609-2610 
anatomy and physiology, 1999-2000, 
2000f-2002f 
angiographic evaluation, 2010-2011, 
2011f 
cerebellopontine angle, 2580-2581, 
2581f 
clinical presentation and classification, 
2003-2005, 2004f, 2004t, 2005t 
complications 
baroreflex failure, 2015 
carotid body tumors, 2013f, 2017, 
2018f 
cranial nerve injury, 2015-2016, 2016f 
external beam radiation, 2016 
radiation, 2016-2017 
salvage therapy, 2017, 2018f 
vascular injury, 2014-2015 
diagnosis 
angiography, 2006-2008, 2008f, 
2009f 
computed tomography, 2005-2006, 
2006f-2007f 
Magnetic resonance imaging, 2006, 
2007f, 2008f 
radionuclide, 2008 
embolization 
carotid body tumors, 2012-2014, 
2014f 
inflammatory response, 2011, 2012f 
jugulotympanic paragangliomas, 
2012-2014, 2014f 
vagal paragangliomas, 2014 
epidemiology and pathophysiology 
annual incidence of, 2000 
catecholamines, 2001 
genetics, 2002-2003 
malignancy, 2001 
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Paraganglioma(s) (Continued) 
surgery, 2010 
of temporal bone, 2358-2362 
diagnosis of, 2358 
growth patterns of, 2358 
incidence of, 2359 
treatment of, 2362 
treatment, 2010, 2012f 
Parainfluenza virus, 761, 1433 
Paralysis 
bilateral vocal fold 
clinical presentation and evaluation, 
1017-1020, 1018f, 1020f 
etiology, 1017, 1017, 1018t 
fiberoptic laryngoscopy, 1018, 1018f 
history, 1018-1019 
imaging, 1019 
laryngeal electromyography, 1019 
laryngoscopy and palpation, 
1019-1020, 1020f 
management, 1020-1022, 1021f 
physical examination, 1019 
serology, 1019 
unilateral vocal fold 
classical teaching, 1012-1013 
early surgical intervention, 1014 
etiology, 1004-1007, 1005f, 1006t 
history, 1007-1008 
imaging, 1011 
injection augmentation, 1014-1015, 
1014¢, 1015f 
laryngeal electromyography, 1011, 
1012f, 1013f 
laryngeal framework surgery, 1015-1017 
laryngeal reinnervation, 1017 
management, 1011-1012 
nimodipine, 1017 
patient factors, 1012, 1013¢ 
physical examination, 1008-1010, 
1008f-1010f 
serology, 1010-1011 
Paramedian midbrain syndrome, 202 
Paranasal sinuses. See Sinus(es) 
Parapharyngeal space, deep neck infection, 
809-810, 809f 
Parathyroid carcinoma, 2132, 2141-2142, 
2142f 
Parathyroid gland(s) 
anatomy of, 16-17, 16f 
blood supply, 253 
calcium metabolism 
calcitonin, 254 
hyocalcemia, 256 
hypercalcemia, 255-256 
vitamin D, 254-255 
disorders of, preoperative management 
of, 32-33 
ectopic locations, 253 
histology of, 2132, 2132f 
parathyroid hormone 
primary hyperparathyroidism, 254 
secretion, 254 
structure and metabolism, 253 
Parathyroid hormone 
primary hyperparathyroidism, 254 
secretion, 254 
structure and metabolism, 253 


Parathyroidectomy 
anterior approach, 2140, 2140f 
bilateral exploration, 2136-2138, 2137f, 
2138f 
indications for, 2135, 2136t 
lateral approach, 2140, 2141f, 2142f 
minimally invasive, 2138, 2139 
patient outcome, 2140 
pitfalls of IOPTH, 2138-2139 
Paratracheal neck dissection, 1811, 1812, 
1820, 1824, 1825 
Parenteral nutrition, preoperative, 26 
Paresthesia and hypesthesia, sinus surgery 
complications, 658 
Parinaud syndrome, 203 
Parkinson disease, 1030-1031, 1031f, 1032t 
Parkinsonism, 1030 
Parodoxic vocal fold motion disorder, 
1301 
Parotid duct(s), soft tissue injuries, 
1120-1121, 1121f, 1122f 
Parotid gland 
accessory, 692, 693f 
anatomy of, 9, 9f 
arterial blood supply, 692 
facial nerve 
auriculotemporal nerve, 695 
branches, 693-694 
great auricular nerve, 694-695 
parotidectomy, 694, 694f 
histology, 691 
lymphatic system, 695 
parasympathetic stimulation, 695 
parotid fascia, 692 
parotid space, 691 
Stensen duct, 692, 693f 
superficial and deep layer, 692, 693f 
superficial compartment, 692 
surgery of 
facial nerve identification/monitoring, 
1176, 1778t 
technique of, 1770 
tumors of, 1760 
sympathetic stimulation, 695 
venous drainage, 692 
Parotid space, deep neck infection, 810 
Parotidectomy, 51, 694, 694f 
Partial ossicular replacement prosthesis, 
2466, 2480-2482, 2481f 
Pathogen-associated molecular patterns, 
380 
Patient care 
clinical guidelines, 1673-1674, 1674t 
clinical pathways, 1674-1675 
cost of care, 1679-1680 
health care disparity, 1678-1679 
medical errors, 1678 
multidisciplinary team approach 
components of, 1676, 1676t 
efficacy of, 1676-1677 
presentations, 1676, 1677f 
quality care. See Quality care 
surgical safety checklist, 1678, 1679f 
Patient privacy, clinic management, 3338 
Patient reported outcome measurement 
information system, 718-719 
Patient safety 


agencies and organizations, 3263 
aviation safety movement, 3256-3257 
human error 
prevention of, 3257 
medical error. See Medical error 
medication errors, 3263 
in otolaryngology, 3262 
root cause analysis. See Root cause 
analysis 
Patient satisfaction, 1673 
Patient-controlled analgesia, 45 
Patient-specific implants, 2787 
Pattern recognition receptors, 380 
Patulous eustachian tube, 2611 
Pediatric patients 
audiology and hearing devices. See 
Hearing devices, implantable 
congenital malformations in 
diagnostic audiologic assessment in, 
2286 
facial fracture 
condyle, 1279, 1279f 
craniofacial growth and trauma, 
1274-1275, 1275f 
dentoalveolar, 1280 
epidemiology, 1272-1273 
etiology/injury mechanism, 1274 
frontal bone, 1281-1282 
frontal sinus, 1282 
management, 1273-1274, 
1273t-1274t 
mandible arch, 1278-1280, 1278f, 
1280f 
medial orbital wall, 1281 
midface, 1280 
nasal fracture, 1277 
nasoorbitoethmoid complex, 1277, 
1281-1282, 1282f 
newborn nasal deformity, 1277 
orbit, 1281 
orbital floor and roof, 1281-1282 
orbital rim, 1277 
radiographic examination, 1274 
rigid fixation, 1275-1277, 1276t 
supraorbital rim, 1282 
transcaruncular incision, 1277 
zygomaticomaxillary complex, 
1280-1281 
head and neck masses. See head and 
neck masses 
ophthalmology 
congenital abnormalities 
amblyopia, 230 
esotropia, 229 
exotropia, 230 
pseudostrabismus, 230 
strabismus, 229 
otolaryngology 
adenotonsillar surgery, 1300-1301 
application, 1288 
congenital malformation 
airway, 1296-1297 
auricular, 1295 
midline, 1296 
nares, 1295-1296 
neck, 1297 
oral cavity, 1296 


cystic fibrosis, 1300 
growth and development, patterns of 
in boys, 1288, 1288f 
cervical lymph node, 1295 
craniofacial skeletal comparison, 
1289, 1290f 
endoscopic view, 1294, 1294f 
eustachian tube, 1292, 1292f 
facial configuration, 1289, 1290f 
in girls, 1288, 1289f 
larynx, 1293, 1293f 
paranasal sinus, 1291-1292, 1291f, 
1291¢ 
postnatal growth, 1288, 1289f 
temporal bone development, 1293, 
1293f 
infectious disease 
otitis media, 1299-1300 
thinosinusitis, 1300 
Streptococcus pneumoniae, 1300 
issues, 1301-1302 
polysomnography study, 1287-1288 
sensory impairment 
facial paralysis, 1299 
haemophilus influenzae type B, 
1298 
multichannel cochlear implanta- 
tion, 1298 
otolaryngologist, 1297, 1298t 
pediatric otolaryngologists, 1299 
vertiginous disorder, 1299 
vocal fold paralysis, 1299 
speech and voice, 1301 
otologic procedures in, facial nerve 
monitoring during, 2328 


rhinosinusitis 


adenoidectomy, 1459-1460, 1460f 

antral lavage, 1460 

bacteriology, 1458, 1458t 

chronic pediatric sinusitis, 1459t 

differential diagnosis, 1455, 1456t 

ethmoidectomy, 1460-1461, 1461f, 
1462f 

etiology, 1456-1457 

facial growth, 1461 

guided imaging in, 1462f 

inferior meatal antrostomy, 1460 

intracranial complications, 1464 

medical management, 1458-1459, 
1459t 

middle meatal antrostomy, 1460 

nasal antral windows, 1460 

orbital complications, 1461-1463, 
1463f, 1464f 

other diagnostic aids, 1456-1457, 
1456t, 1457f 

persistent sinus disease, 1461, 1463¢ 

physical examination, 1455-1456 

signs and symptoms, 1455, 1456t 

salivary gland disease 

autoimmune conditions, Sjogren syn- 
drome, 1475 

inflammatory conditions, 1467-1470, 
1468t 

mesenchymal tumors. See 
Mesenchymal tumors 

sialorrhea, 1475-1477 


trauma, 1477 
salivary gland tumors in, 1760, 1762t 
sleep disordered breathing, 2220-2233 
tracheotomy 
communication, 1396 
complications of 
accidental decannulation, 1392 
cartilaginous collapse, 1393 
esophageal injury, 1392 
granulomas, 1392-1393 
intraoperative, 1391-1392 
obstruction/plugging, 1392 
stomal stenosis, 1392, 1393f 
stoma/wound breakdown, 1392 
suprastomal airway obstruction, 
1392, 1393f 
tracheoesophageal fistula forma- 
tion, 1392 
tracheo-innominate artery fistula, 
1393 
tracheostomy-related mortality rate, 
1394 
tube occlusion, 1392 
decannulation of, 1395-1396 
versus endotracheal intubation, 
1384-1386, 1385t 
history of, 1382-1383 
indications for, 1383-1384, 1384t 
postoperative care, 1390-1391 
swallowing, 1396 
technique 
anatomy of, 1386, 1386f 
excess subcutaneous fat deep, 1386, 
1387f 
operating table, 1386, 1386f 
pretracheal fascia, 1387, 1388f 
skin incision, 1386, 1387f 
strap muscles, 1386, 1387f-1388f 
thyroid isthmus, 1386, 1388f 
tracheal cartilage, 1389, 1390f 
tracheal stenosis, 1387 
tracheostomy stoma tract, 1387, 
1388f 
tracheostomy tube, 1389, 1389f 
Z-plasty principles, 1390 
tracheostomy tube, 1394-1395, 
1394f-1395f 


Pediatric voice 


acoustic and aerodynamic evaluation, 
1373 

airway reconstruction, dysphonia, 1379, 
1379f 

bilateral vocal cord paralysis, 1378 

congenital laryngeal webs, 1378 

endoscopy and videostroboscopy, 1373, 
1373f-1374f 

evaluation, 1374 

functional disorders, 1378-1379 

history, 1373 

laryngopharyngeal reflux and eosino- 
philic esophagitis, 1374, 1375f 

recurrent respiratory papillomatosis, 


unilateral vocal fold paralysis, 
1377-1378 
vocal fold 
microstructure of, 1372 
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nodules, cysts, and polyps 
endoscopic examination, 1375, 
1376f 
hourglass closure configuration, 


1375, 1375f 
nonoperative management, 1376 
operative management, 1376-1377 
phono-traumatic event, 1375 
vocal process granulomas, 1379 
voice-related quality-of-life/handicap- 
ping assessment, 1374 
Pedicled flaps, 671 
Pemphigoid, pharyngitis due to, 
762-763 
Pemphigus vulgaris, 745-747, 745f, 746f, 
747t 
Pendred syndrome, 1535, 1543t 
Pendular nystagmus, 2684, 2685 
Penetrance, 1541 
of gene/trait, 1620 
Penetrating injuries 
cavitation effects, 1131, 1132f 
emergency, 1136, 1136f 
principles of, 1131-1132 
rotational ballistics, 1131, 1132f 
Penicillin(s) 
antimicrobial agents, 131, 132t 
in streptococcal pharyngitis, 759 
Peptococci/peptostreptococci, pediatric 
thinosinusitis and, 1458, 1458t 
Percutaneous dilatational tracheotomy, 62 
anesthesia, 938-939 
complications 
accidental decannulation, 943 
accidental extubation, 942 
bleeding, 942 
desaturation, 942 
infection, 942 
posterior wall injury, 942-943 
subcutaneous emphysema, 943 
technical misadventures, 943 
cost analyses, 936 
critically ill patients, 936 
instruments, 937-938, 938f, 939f 
patient selection, 937, 937t 
personnel, 937 
postoperative considerations, 941 
preoperative planning, 937 
technique, 939-941, 639f-641f 
Percutaneous gastrostomy, 348 
Periapical cysts, 2097-2098, 2098f 
Pericardiocentesis, 1099, 1100f 
Perichondritis, 2344 
Perilymphatic fistula, 1534, 2705-2706 
Periocular hemangiomas, 1578, 1578f 
Periodic acid-Schiff staining, 741f 
Periodic alternating nystagmus, 2685 
Periodic fevers with aphthous, 
761-762 
Perioperative management issues 
cardiovascular disorders 
American College of Cardiology/ 
American Heart Association 
guidelines, 35 
B-blockade therapy, 35 
dysrhythmia, 37 
hypertension, 35-36, 36t 
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Perioperative management issues 
(Continued) 
hypotension, 36-37, 36t 
postoperative, risk factors for, 35 
endocrine abnormalities 
adrenal glucocorticoids, 33-34, 34t 
diabetes mellitus, 31-32, 32t 
pituitary, 34-35 
thyroid and parathyroid disorders, 
32-33, 33t 
fever, 43-44, 44f 
gastrointestinal disorders 
adynamic ileus, 40 
diarrhea, 40 
stress ulcers, 39 
hematologic abnormalities 
blood components and transfusion, 
27-28, 27t 
erythrocyte abnormalities, 28 
hemostatic disorders, 29-30, 29t 
intraoperative and postoperative 
bleeding, 30 
platelet abnormalities, 28-29 
malignant hyperthermia, 44-45, 45t 
neuropsychiatric problems, 41-43 
postoperative pain, 45-46, 45f 
preoperative malnutrition, 26-27 
pulmonary disorders, 37-39 
renal disease, 40-41 
thromboembolic diseases 
diagnosis, 31 
management, 31 
preventive measures, 30-31 
pulmonary embolism, 31 
Perioral region, implants for, 2793 
Periorbital hemangiomas, 1582 
Periorbital musculature, upper eyelid 
blepharoplasty, 3075, 3076f 
Periorbital rhytids, lateral Botox injections 
in, 3242-3243, 3243f 
Periosteal abscess, 2444 
Peripheral neuropathy 
Guillain-Barré syndrome, 1039-1040, 
1040f 
mononeuropathy, 1038 
myelinopathy, 1038 
superior laryngeal nerve paresis, 1039, 
1040f 
vocal fold paresis and paralysis, 
1038-1039, 1039f 
Peripheral vestibular disorders 
benign paroxysmal positional vertigo, 
2736-2737 
bilateral vestibular hypofunction, 2738 
medications, 2734 
Meniere disease, 2738 
vestibular neuritis, 2738 
Peripheral vestibular system, 2717 
Peritonsillar abscess, 138 
Personality disorder, 2759 
Pertinent orbital anatomy 
bony anatomy, 622, 623f 
lacrimal anatomy, 624, 625f 
neuromuscular anatomy, 623, 624f 
vascular anatomy, 622-623, 623f 
Petrosa, surgery of, 2447-2463 
Petrositis, 2401 


Petrous apex, surgical access to, 2458- 
2460, 2459f, 2460f 
Petrous apicectomy, 2458-2460, 2459f, 
2460f 
Phaces, 1577-1578 
Phacoemulsification, 222 
Phantosmia, 376 
Pharmacotherapy 
subjective nonpulsatile tinnitus, 2603 
temporomandibular joint, 789 
tobacco cessation 
antidepressants, 335 
clonidine, 335 
combination therapy, 335 
effectiveness and abstinence rates, 
336¢ 
naltrexone, 335 
nicotine replacement therapy, 333 
varenicline, 333, 335 
Pharyngeal constrictor 
myotomy, 1983, 1983f 
spasm, 1984, 1984f 
Pharyngeal squeeze maneuver, 828-829, 
829f, 841 
Pharyngitis, 138, 757-767 
in adult 
due to bacterial infections, 765 
due to fungal infections, 766 
due to inflammatory infections 
due to viral infections, 763-765 
in child 
due to bacterial infections, 758-761, 
760f 
due to inflammatory infections, 
761-763 
due to viral infections, 760f, 761 
differential diagnosis, 757, 758t 
Pharyngoesophageal defects, microvascu- 
lar reconstructive approaches to, 
2844-2845 
Pharynx 
airway physiology, 869 
anatomy of, 12-13, 12f, 757-758 
functions of, 365 
Phenobarbital, 42, 42t 
Phenol peels. See Chemical peeling 
Phenotypic expressivity, 1620 
Phenylephrine, 59 
Phenytoin, 42, 42t 
Pheochromocytoma, 260 
Phonation, myoelastic-aerodynamic 
theory of, 952 
Phonatory glottic cycle, 952-953, 952f 
Phonomicrosurgery 
complications, 1002, 1002f 
equipments for 
laryngoscope, 997-998 
long Hopkins rod telescope, 998 
microscope and laser, 998 
patient evaluation, 997 
preoperative measures, 997 
preoperative stroboscopy examination, 
997 
procedure and technique 
anesthesia, 998 
microflap approach, 999-1001, 1000f, 
1001f 


microscope and laryngoscope posi- 
tion, 999 
patient positioning, 998-999 
ventilation options, 998 
Phonotrauma, 953 
Photoaged epidermis, 3105 
Photodocumentation 
digital, 2780-2783, 2780f 
informed consent, 2772 
intraoperative, 2776-2777 
principles of, 2772-2777 
standardization of, 2773-2776 
distracting elements removal, 2775 
equipment, 2773 
lighting and background, 2775-2776, 
2777f 
patient positioning, 2773, 2774f, 
2775, 2775f 
traditional, 2777-2780 
camera, 2778 
data back, 2779 
film, 2779-2780 
lenses, 2779 
tripod, 2779 
viewfinder grid, 2779 
Photodynamic therapy, 52, 1730-1731 
Photometrics, in facial analysis, 2768 
Physician consortium for performance 
improvement, 3376 
Physician practice setting 
business entity 
corporate practice of medicine, 3293 
corporations, 3292 
limited liability company, 3292-3293 
name protection, 3293 
nonprofit corporation, 3292 
partnership, 3292 
professional service entities, 3293 
sole proprietorship, 3292 
business loan, 3293 
corporate perspective, 3291 
federal tax identification number, 3294 
Health Insurance Portability and 
Accountability Act?’ privacy and 
security, 3294-3296 
securing insurance, 3293-3294 
third party payors enrolling, 3294 
Physician self-referral law, 3282 
Pictorial documentation. See 
Photodocumentation 
Pigmented lesions, lasers, 3207-3208 
Pill-induced esophagitis, 852, 853f 
Pilomatricomas, 3216, 3216f 
treatment of, 3226 
Pilomatrixoma, 1600, 2370 
Pindborg tumors, 2105 
Pinna, and external auditory canal, neo- 
plasms of, 2365-2370 
Piriform aperture, nasal dorsum, 2952 
Piriform apex, 1918f 
Piriform fossa cancer, 1922f 
Pitressin, 34 
Pituitary 
anatomy and embryology, 250 
anterior pituitary 
adrenocorticotropic hormone, 
251-252 


follicle-stimulating hormone, 252 
gonadotrophs, 252 
growth hormone, 251 
luteinizing hormone, 252 
prolactin, 251 
thyroid-stimulating hormone, 252 
posterior pituitary 
antidiuretic hormone, 252-253 
oxytocin, 253 
Pituitary adenoma, preoperative manage- 
ment in, 34 
Plasmacytoma 
extramedullary, temporal bone, 2365 
of temporal bone, 2365 
Plate application, skeletal facial trauma, 
rigid fixation, 1157-1158, 1158t 
Platelet abnormalities, preoperative man- 
agement of, 28-29 
Platelet derived growth factor, wound heal- 
ing, 80 
Platysma muscle, 3131-3132, 3133f 
Platysmal banding, Botox for, 3243 
Platysmaplasty, 3118-3119, 3118f 
Platysmectomy, 2918 
Play audiometry, 1481 
Pleiotropy, 1620 
Pleomorphic adenoma, 171-172, 
171f-172f, 186f 
malignant variations of 
recurrence of, 1781 
of salivary glands, 1760-1762, 1762f 
Plummer-Vinson syndrome, 125 
Plunging ranula, 170, 170f 
Pneumomediastinum, percutaneous dila- 
tational tracheotomy, 943 
Pneumoparotitis, 713 
Pneumothorax 
management in trauma patients, 1097 
percutaneous dilatational tracheotomy, 
943 
Poliomyelitis, 1038 
Pollen allergens, 413-414 
Polyarteritis nodosa, 275-276 
otologic manifestations, 2522-2523 
Polycythemia vera, 28 
Polydioxanone, 2787 
Polyetheretherketone, 2787 
Polyglactin 910, 2790 
Polyhydramnios, 1322 
Polymers, as implants, 2786-2787 
Polymethyl methacrylate, 2787 
Polymorphous low-grade adenocatrci- 
noma, 193f, 1766 
Polymyositis, 1042 
associated disorders, 274 
diagnostic criteria for, 273, 274t 
head and neck manifestations, 274 
incidence, 273 
treatment, 274 
Polypharmacy, 301 
Polyps, voice therapy, 1054-1055 
Polysomnogram, 2194t 
Port-wine stains, 1583, 1583f 
Posaconazole, acute invasive fungal rhino- 
sinusitis, 562 
Positional nystagmus, 2719 
Positional vertigo, 2719 


Positive airway pressure therapy, 2228 
Positron emission tomography 
applications of, 160-161 
in nasopharyngeal cancer, 1882, 1883, 
1883f, 1884f, 1888 
principles, 158-160 
Postcricoid cancer, 1922f, 1929 
Posterior commissure hypertrophy, 967f 
Posterior glottic chink, professional voice, 
1061f 
Posterior glottic stenosis, 884, 884f, 885t 
larygoscopy, 1019f 
Posterior inferior cerebellar artery syn- 
drome, 2725-2726, 2726t 
Posterior triangle lipoma, 173, 173f 
Posterior wall injury 
percutaneous dilatational tracheotomy, 
942-943 
Posterolateral neck dissection, 1807, 1820, 
1821f 
Postheadshake nystagmus test, dizziness, 
2690-2691, 2690f 
Postintubation stenosis 
laryngeal, 1359-1360 
Postlaryngectomy, 1972-1973 
Postnasal drip, pharyngitis due to, 
766-767 
Postpolio syndrome, 1038 
Postreconstruction restenosis 
laryngeal stenosis, 1360 
Posttracheotomy, laryngeal stenosis, 1360 
Posttransplant lymphoproliferative 
disorder 
in children, 1601-1602 
lymphoma, 2039-2040 
pharyngitis in, 762 
Postural control assessment 
positioning, 2309, 2309f 
principle protocols, 2310 
sensory organization test, 2309, 2310f 
Postures, 839-840, 839t 
Potassium titanyl phosphate laser, 52, 
1088, 3203 
recurrent respiratory papillomatosis, 
1416-1417 
Pott puffy tumor, 520 
frontal sinusitis, 583, 583f 
Povidone-iodine scrub, 21 
Prader-Willi syndrome, 121 
Preauricular cysts and sinuses, 1610-1611, 
1610f, 1611f 
Prednisone, 33 
Pregnancy, alcohol abuse in, fetal alcohol 
syndrome and, 1637 
Presbycusis, aging, 2616-2618, 2617f, 
2617¢ 
Presbyopia, 221 
Pressure dressings, scar camouflage, 2869 
Pressure regulated volume control, 60 
Presurgical infant orthopedics, 1560-1561 
Pretrichial lift, 3058f, 3062-3063, 3062f 
Prevertebral spaces, deep neck infection, 
797, 799, 806-807 
Primary ciliary dyskinesia, 367, 456 
ciliary motility analysis, 457 
ciliary ultrastructure analysis, 457 
genetic analysis, 457 
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nasal nitric oxide, 456 
saccharin test, 456 
Primary headache 
chronic daily headaches, 309-310, 310t 
cluster headache, 309, 310t 
medication overuse, 309-310 
migraine 
clinical symptoms, 306 
diagnosis of, 306 
diagnostic criteria, 307¢ 
treatment, 306-308 
prevalence, 306 
tension-type headache, 308-309, 308t 
Primary lateral sclerosis, 1030 
Primary squamous cell carcinoma, 2121 
Professional voice 
anatomy and physiology for voice pro- 
duction 
extrinsic laryngeal musculature, 1059, 
1060f 
intrinsic laryngeal musculature, 
1059-1061, 1060f, 1061f 
minor intrinsic laryngeal cartilages, 
1061 
care of, 1074-1075 
management 
laryngeal hygiene measures, 1073, 
1073t 
multidisciplinary evaluation, 1073 
schedule and style performance, 1073 
voice therapy, 1073-1074 
pathophysiology 
benign vocal fold lesions, 1067-1068 
laryngeal vibration, 1068, 1068f 
loss of pliability, 1067, 1067f 
pediatric patient, 1068 
performance styles, 1066-1067 
reflux, 1072-1073 
sound production principles 
formant frequencies, 1062-1063, 
1062f 
harmonic sound source, 1061-1062, 
1062t 
human communication, 1061 
vocal tract, 1061, 1061f 
surgical management 
indications, 1075 
microflap surgery, 1076 
telangiectatic vessel and vibratory asym- 
metry, 1067f 
vocal difficulties 
acoustic analysis, 1072, 1072f 
complaints, 1069 
finding discussion, 1072 
history, 1069, 1069t, 1070f-1071f, 1071 
laryngeal examination, 1071 
physical examination, 1071, 1071f 
stroboscopy, 1071-1072 
vocal performance styles, 1065-1066, 
1065f, 1066t 
voice production mechanism 
subglottic pressure, 1063-1064, 1063f 
vibratory source, 1063, 1063t 
vocal fold approximation, 1064 
vocal fold tension, 1064-1065, 1064f 
Prognathia, chin augmentation, 3181 
Progressive bulbar palsy, 1037-1038 
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Progressive systemic sclerosis, 855 
Proliferative retinopathy, 232 
Prominent ear, otoplasty, 3144, 3145f 
Propofol, 66, 240-241 
Proportional assist ventilation, 60 
Propranolol, 207, 1320 
Proptosis, 226 
Propylthiouracil, 32-33 
Protein-calorie malnutrition, 26 
Proton pump inhibitors, 68-69, 
971-972 

Protruding ears 

otoplasty 


complications and emergencies, 3164, 


3167, 3167¢ 
converse technique, 3163, 3165f 
diagnosis, 3164t 
farrior technique, 3163, 3165f-3166f 
Furnas technique, 3164, 3167f 
Mustardé technique, 3163, 3164f 
Pitanguy technique, 3164, 3166f 
preoperative evaluation, 3162 
Pseudobulbar palsy, 209-210, 1030 
Pseudomonas aeruginosa, 134, 1149, 1363, 
1458, 1458t 
Pseudostrabismus, 230 
Pseudosulcus vocalis versus sulcus vocalis, 
965f 
Pterygium, 224 
Pterygopalatine fossa, neoplasms, 2058 
Ptosis, forehead lift and, 3056-3057 
Ptyalism, 699 
Pull-down maneuver, 1051-1052 
Pulmonary complications 
of anesthesia and surgery, 37 
predisposing factors for, 38 
Pulmonary disorders 
postoperative pulmonary insufficiency 
in, 38-39 
preoperative management of 
anesthesia choice, 38 
arterial blood gases, 38 
chest radiograph, 37 
lung function tests, 37-38 
physical examination, 37 
Pulmonary edema 
acute, endotracheal intubation, 270 
postoperative management, 39 
Pulmonary embolism, 31 
Pulmonary insufficiency, postoperative, 
38-39 
Pulp necrosis, 771, 771f 
Pulsatile tinnitus 
diagnostic evaluation 
algorithm, 2605, 2605f 
imaging techniques, 2604-2605, 
2606f, 2607f 
etiology, 2604, 2604t 
nonvascular etiologies 
idiopathic intracranial hypertension, 
2610 
middle ear myoclonus, 2611 
otosclerosis, 2611 
palatal myoclonus, 2610-2611 
patulous eustachian tube, 2611 
semicircular canal dehiscence, 
2610 


vascular anomalies 
atherosclerotic carotid artery disease, 
2608 
carotid-cavernous fistula, 2608-2609 
congenital carotid anomalies, 2608 
dural arteriovenous fistula, 2608, 
2608f 
intracranial and extracranial aneu- 
rysms, 2609, 2609f 
jugular bulb anomalies, 2605, 2607, 
2607f 
sigmoid sinus diverticula, 2607 
vascular neoplasms 
hemangioma, 2610 
paragangliomas, 2609-2610 
Pulse dye laser, 1088, 1416, 1562, 3202 
Punch biopsy, 3221f 
Punch biopsy, technique of, 3221f 
Puncture, soft tissue injuries, 1109 
Push-back maneuver, 1051-1052 
Pyogenic granuloma, 281, 3216, 3226 
treatment of, 3226 


Q 
Qinine, ototoxicity of, 2544 
Quality care 
definition of, 1672-1673 
historical background, 1672 
organizations for, 1673 
outcomes of care, 1673 
purpose of, 1672 
Quality improvement 
complex systems and high performance, 
3378 
external requirements for, 3376-3377 
health care institutions 
department-specific initiatives, 3377 
health system programs, 3377 
health care reform, 3377-3378 
historical background, 3372-3373 
organizations endorsing 
Agency for Healthcare Research and 
Quality, 3375 
ambulatory quality alliance, 
3375-3376 
institute for healthcare improvement, 
3376 
institute of medicine, 3376 
joint commission, 3376 
medicare/medicaid services, 3376 
national quality forum, 3376 
physician consortium for performance 
improvement, 3376 
surgical quality alliance, 3376 
in otolaryngology, 3373 
primer, 3378 
reimbursement, 3377 
role of measurement, 3373-3375, 
3374¢ 
Quality-adjusted life years, 719 


R 

Radial forearm flap, 2824-2826, 2825f 

Radial forearm-palmaris longus flap, in lip 
reconstruction, 1801 

Radiation hazards, lasers, 3209 

Radiation pharyngitis, 767 


Radiation therapy, 342 
dose and delivery 
fractions, 1683-1684 
linear accelerator, 1683, 1683f 
thermoplastic head mask, 1683, 1683f 
fractionation and treatment time, 1684 
hemangiopericytoma 
radiation therapy, 2019 
hypopharyngeal and cervical esophageal 
carcinoma, 1924 
innovations in, 1689-1690 
juvenile nasopharyngeal angiofibroma, 
2028 
laryngeal cancer, 1967-1968 
for lip cancer, 1792-1794, 1803f, 
1804 
complications of, 1792, 1792t, 
1804 
nasopharyngeal carcinoma, 1876, 1879, 
1886-1887, 1889, 1893 
neoplasms, 2050-2051, 2058, 2060t 
oral cavity cancer, 1863-1864 
planning 
computed tomography, 1684-1685 
dose volume histogram, 1685, 1686f 
normal structure dose tolerance, 1685, 
1685t 
oncologist consultation, 1684 
oradiation terms, 1685, 1685t 
plastic mask, 1684-1685 
target doses, 1685, 1685t 
treatment time, 1686 
radiation delivery, 1686-1689 
radiation toxicity, 1689 
radiobiology, 1682-1683, 1683f 
for salivary gland tumors, 1779, 1781 
for skin cancer, 1730 
tracheal tumors, 1995-1996 
Radicular cysts, 2097-2098 
Radiesse, for soft tissue augmentation, 
3247 
Radioactive iodine treatment, 2125 
Radiography, 165-166 
Radiology, in cerebellopontine angle, 
2584t 
Radionuclide scanning 
paraganglioma, 2008 
of thyroid gland, 2118 
Radiosurgery, 1690 
Radiotherapy. See Chemotherapy 
Rapid intraoperative tissue expansion, 
2853-2854, 2857t 
Rathke pouch, 257 
Real-ear to coupler difference, 1515-1517 
Rebound nystagmus, 2685 
Receiver in the ear, 2660, 2661f 
Reckless behavior, 3259-3260 
Reconstructive ladder, 2849, 2850f 
Rectus abdominis flap, 2831-2833, 
2832f 
Recurrent aphthous stomatitis, 749-751, 
749f-751f, 750t 
Recurrent laryngeal nerve, 873, 
1377-1378 
injury, 2124 
unilateral vocal fold paralysis, 1004, 
1005f, 1007 


Recurrent respiratory papillomatosis, 1377 
adjuvant medical therapy 
antireflux, 1424 
avastin, 1425 
celecoxib (celebrex), 1423 
cidofovir use, 1423 
cytomegalovirus retinitis, 1421 
Derkay severity score, 1422 
indole-3-carbinol, 1424 
interferon, 1423-1424 
low-risk HPV (type 6)-related disease, 
1423 
Mycobacterium bovis, 1424 
quadrivalent HPV vaccine, 
1425-1426, 1426f, 1426t 
clinical feature, 1413-1414 
epidemiology 
clinical practice, 1411 
pilot study, 1412 
population rate, 1411 
transmission, 1412-1413, 1413f 
etiology 
connective tissue stroma, 1410, 1411f 
human papillomavirus, 1409-1410 
papilloma lesions, 1410-1411, 1411f 
laser-safe endotracheal tube, 1417 
medical management, 1421, 1423t 
operative technique 
CO, laser, 1419-1420 
endoscopic microdebrider, 1418-1419 
patient assessment, 1414-1415, 1414¢ 
postoperative care, 1420 
preoperative planning, 1417-1418 
repeat flexible fiberoptic laryngoscopy, 
1415 
staging, 1420-1421, 1421f-1422f 
surgical management 
distal-chip scopes, 1416 
goals of, 1415 
microdebrider, 1416 
potassium-titanyl-phosphate laser, 
1416-1417 
potential surgical modality, 1416, 
1416¢ 
pulse dye lasers, 1416 
Red and infrared lasers, 3203 
Red cell abnormalities, preoperative man- 
agement of, 28 
Red eye 
conjunctivitis, 224 
episcleritis, 224 
eyelid abnormalities 
blepharitis, 224 
chalazion, 224 
sty, 223-224 
iritis and iridocyclitis, 225 
keratitis, 224 
scleritis, 224 
signs and symptoms, 225f, 226t 
treatment guidelines, 226 
Reed-Sternberg cell lymphoma, 2032, 
2033f 
Reflux finding score, 965, 965 
Reflux pharyngitis, 766 
Reflux symptom index, 825, 827t, 964, 
964t 
Refractive error, 221 


Refsum disease, 123-124 
Regional nodal staging, malignant mela- 
noma, 1742-1744 
Reinke edema, 996, 996f 
Rejuvenation, lasers, 3208, 3209f 
Relapsing polychondritis, 274-275, 
494-495, 495f, 881, 981 
diagnosis, 274 
head and neck manifestations, 274-275 
otologic manifestations, 2523 
treatment, 275 
Relaxed open-throat breathing, 1052 
Relaxed skin tension lines, 1112, 1112f 
Remifentanil, 242 
Remote patient monitoring, 3361, 3363 
Renal disease 
chronic, 733 
perioperative management of, 40-41 
Renal failure 
acute, 41 
chronic 
perioperative management, 40-41 
perioperative management of, 40-41 
postoperative management in, 41 
Reparative granuloma, 281 
Repose genioglossus tongue suspension, 
2231, 2232f 
Respiration 
larynx, 951-952 
nose, 365-366 
Respiratory distress syndrome, adult, 39 
Respiratory papillomatosis, 983-984, 
984f 
Restylane, for soft tissue augmentation, 
3247 
Retinal detachment, 222-223 
Retinal infarcts, 232 
Retinitis pigmentosa, in Usher syndrome, 
1543t, 1547, 1633 
Retinitis proliferans, 232 
Retrognathia 
aging neck, 3137 
chin augmentation, 3181 
Retromolar trigone 
oral cavity cancer, 1869 
Retropharyngeal abscess, 169, 169f 
Retropharyngeal neck dissection, 1811, 
1812, 1814, 1824-1825 
Retropharyngeal spaces, deep neck infec- 
tion, 797, 797f, 798f, 806-807 
807f 
Revision rhinoplasty 
augmentation graft, 3003-3004 
case presentation 
central tip support restoration, 3033, 
3033f-3036f, 3036 
completion rhinoplasty, 3029, 
3029f-3032f, 3033 
narrow nose revision, 3039, 
3040f-3042f, 3042 
overresected tip and dorsum, 3036, 
3037f-3039f, 3039 
severely collapsed nose revision, 3043, 
3043f-3049f, 3049 
computer imaging, 3000-3001 
contemporary techniques, 2989-2990 
cosmetic nasal surgery, 2989 
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devastated nasal dorsum 
dorsal augmentation, 3023-3025, 
3024f 
middle vault, 3021-3022 
osteotomies, 2993f, 3022-3023, 
3022f, 3023f 
postsurgical collapse, 3021, 3022f 
spreader graft, 3025-3026 
devastated nasal tip. See Nasal tip 
external rhinoplasty approach, 
3010-3011 
patient evaluation, 2993 
physical assessment, 2999-3000 
post operative care 
dressing, 3026-3027 
ice, cooling, 3027, 3027f 
postsurgical care and monitoring, 
3026 
soft tissue edema, 3026 
steroid injection, 3028 
swelling, 3027-3028 
postsurgical deformities of 
coexisting nasal airway dysfunction, 
2991, 2993 
inverted-V deformity, 2991, 2993f 
overresected and overgrafted nose, 
2991, 2992f 
patients history, 2991 
physical examination, 2990 
skeletal tissue deficiency, 2990-2991 
tissue limitations, 2990, 2990f 
prognostic indicators, 2997-2999 
psychological aspects 
botched nose job, 2995 
complications, 2994-2995 
internet, treatment advice, 2995 
patient care, 2994 
patient history, 2993 
somatoform and personality disor- 
ders, 2996-2997 
skeletal tissue replacement 
autologous tissue graft, 3004 
complications, 3004-3005 
conchal cartilage graft, 3007, 
3007f 
costal cartilage graft, 3007-3008, 
3008f 
nasal morphology, 3005 
septal cartilage graft, 3005-3006, 
3006f 
soft tissue graft, 3008-3010, 3009f 
soft tissue surgical technique, 3011 
surgical deconstruction 
alar retraction, 3012 
en bloc excision, 3013, 3014f 
histology, 3013 
nasal size reduction, 3013-3014 
revision surgeon, 3013 
severe tip cartilage distortion, 3011, 
3011f 
skeletal distortion, 3012 
skeletal remnant, 3011 
structural cartilage graft, 3012 
surgical reconstruction, 3002-3003 
treatment for 
finalization, 3001-3002 
planning, 2993 
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Rhabdomyoma, 983 
Rhabdomyosarcoma, 1602 
alveolar, 2373 
orbit, 2072 
pleomorphic, 2373 
sinonasal tract, 2048 
Rheologic agents 
sudden sensorineural hearing loss, 
2592 
Rheumatic fever, 760 
Rheumatoid arthritis, 980-981 
head and neck manifestations, 270 
nonarticular manifestations, 269, 270t 
otologic manifestations, 2523 
physical findings, 269 
Rheumatologic diseases 
inflammatory muscle disease, 
273-274 
mixed connective tissue disease, 275 
relapsing polychondritis, 274-275 
theumatoid arthritis, 269-271 
Sjogren syndrome, 271-272 
systemic lupus erythematosus, 
267-269 
systemic sclerosis, 272-273 
vasculitides. See Vasculitides 
Rhinion, nasal dorsum, 2953 
Rhinitis, 2179 
allergic. See Allergic rhinitis 
atrophic, 482 
capsaicin, nonallergic, 472 
decongestants, 472 
definition, 509 
hormone-induced, 480-481, 481t 
ipratropium bromide, 472 
mast cells, 399 
Rhinitis medicamentosa, 477t, 479-480, 
479f 
Rhinitis sicca, inferior turbinate hypertro- 
phy, 618 
Rhinomanometty, 364, 366, 456, 456t 
Rhinometry, acoustic, 366 
Rhinophyma, 3208, 3209f, 3215, 3215f 
treatment of, 3226 
Rhinoplasty 
anatomy, 2941, 2942f 
nasal analysis, 2946 
base view, 2950 
facial proportion, 2947, 2947f 
frontal view, 2948, 2948f 
oblique view, 2948-2950, 2949f, 
2950f 
patient evaluation, 2947 
nasal and facial angle, 2942-2943, 
2942f, 2943f 
revision rhinoplasty. See Revision rhino- 
plasty 
surgical approaches 
disadvantages of, 2946 
external/endonasal, 2943, 2944f, 
2946 
guidelines for, 2943, 2944t 
retrograde and transcartilaginous, 
2946 
surgical incisions 
full transfixion, 2945 
hemitransfixion, 2945, 2946f 


Killian incision, 2945, 2946f 
nasal-tip, 2943, 2945f 
transcolumellar and intercartilagi- 
nous, 2944, 2945f 
Rhinoscleroma, 284 
Rhinosinusitis 
acute, 509-522, 794 
bacterial 
bacterial infection, 512 
medical management of, 517-519 
microbiology, 512 
clinical courses, 519 
clinical presentation, 513 
complications 
acute bacterial rhinosinusitis, 
519-520 
extracranial, 520-521 
intracranial, 520, 520f 
definition, 509 
economic burden of, 510 
endoscopic evaluation, 515, 515t 
epidemiology 
incidence and prevalence, 
509-510 
predisposing factors and contribu- 
tors, 510¢ 
imaging modalities, 515t 
computed tomography, 516 
magnetic resonance imaging, 516 
ultrasound, 515 
X-ray, 516 
pathophysiology and microbiology 
acute bacterial rhinosinusitis, 512 
acute fulminant invasive fungal 
sinusitis, 512-513, 513f 
acute viral rhinosinusitis, 511-512, 
5llt 
infection, 511 
inflammation, 511 
nosocomial acute bacterial rhinosi- 
nusitis, 512 
pathophysiology of, 535-536 
patient history, 513-514, 514t 
pediatric patients, 521-522 
physical examination, 514-515 
temporal classification, 510 
treatment, 516-519 
treatment of, 543-544 
viral 
etiology, 511, 511t 
history, 511-512 
medical management of, 517-518 
pathogenesis, 511 
bony complications, 583, 583f 
chronic 
and allergic rhinitis, 538 
asthma, 551 
computed tomography in, 541-542, 
542f 
costs of, 353 
diagnosis, 586 
diagnostic correlates of, 543 
diagnostic criteria, 540, 540t 
endoscopic sinus surgery. See 
Endoscopic sinus surgery 
environmental factors in, 537-538 
genetic factors, 538 


medical management 
antibiotics, 588-589 
anticholinergics, 591 
antihistamines, 590 
decongestants, 590 
immunotherapy, 591 
leukotriene inhibitors, 591 
macrolide antibiotics, 591 
mucolytics, 591-592 
steroids, 587-588 
surfactants, 592 
with nasal polyposis 
classification and features, 526t 
histopathology, 525 
pathophysiology of, 525 
olfactory loss, 373 
pathophysiology of, 536-539, 537f 
physiologic factors in, 539 
prevalence, 586 
signs and symptoms, 551f 
sinonasal methicillin-resistant 
Staphylococcus aureus 
antibiotics, 589-590 
prevalence, 589 
saline irrigation, 590 
staging systems, 586-587 
staging systems for, 542-543, 543¢ 
structural factors in, 538, 538f 
symptoms and clinical signs, 586 
treatment of 
anti-inflammatory therapy, 546-547 
antimicrobial therapy, 544-546, 545t 
complementary and alternative medi- 
cine, 325 
incidence of, 535 
intracranial complications 
anatomic considerations, 580 
diagnosis and classification, 580, 580f 
epidural abscess, 580-581, 581f 
intracerebral abscess, 581-582 
meningitis, 582-583 
prevention, 584 
risk factors, 579 
subdural abscess, 581, 581f 
symptoms, 579-580 
venous sinus thrombosis, 582 
invasive fungal 
chronic, 562-563 
clinical presentation, 563 
diagnosis, 563 
imaging, 563 
pathology, 563 
prognosis, 564 
treatment, 563 
clinical presentation and diagnosis 
biopsy and frozen section studies, 
559-560 
computed tomography, 559 
fungal culture, 560 
immune function, 558-559 
nasal endoscopy, 559 
signs and symptoms, 559, 559f 
pathology, 560-561 
prognosis, 562 
radiology, 560, 560f 
treatment, 561-562 
nonpolypoid, 535-547 


orbital complications 
anatomic considerations, 573 
cavernous sinus thrombophlebitis, 
576-577 
Chandler classification, 573, 574f 
microbiology, 577-578, 578t 
orbital abscess, 576 
orbital cellulitis, 575-576, 576f 
preseptal infections, 573, 575, 576f 
radiography, 577 
subperiosteal abscess, 575, 576f 
treatment, 578-579, 579f 
pediatric 
adenoidectomy, 1459-1460, 1460f 
antral lavage, 1460 
bacteriology, 1458, 1458t 
chronic pediatric sinusitis, 1459t 
differential diagnosis, 1455, 1456t 
ethmoidectomy, 1460-1461, 1461f, 
1462f 
etiology, 1456-1457 
facial growth, 1461 
guided imaging in, 1462f 
inferior meatal antrostomy, 1460 
intracranial complications, 1464 
medical management, 1458-1459, 
1459t 
middle meatal antrostomy, 1460 
nasal antral windows, 1460 
orbital complications, 1461-1463, 
1463f, 1464f 
other diagnostic aids, 1456-1457, 
1456, 1457f 
persistent sinus disease, 1461, 1463t 
physical examination, 1455-1456 
signs and symptoms, 1455, 1456t 
signs and symptoms of, 540t 
Rhinosporidiosis, 291-292 
Rhinotomy, 2087-2088 
Rhinovirus, 1433 
Rhombic flaps 
in cutaneous nasal defects, 2877 
Rhytidectomy, 3136 
adjunctive procedures to, 3103-3104 
anatomy of aging face, 3104-3105, 3104f 
assessing candidacy, 3107-3108 
complications 
alopecia, 3127, 3128f 
hematoma, 3125, 3127 
incision problems, 3127 
nerve injury, 3125, 3126f 
deep plane lift 
advantage of, 3118 
dissection, 3119 
earlobe and tragus, 3120, 3120f-3122f 
flap closure, 3120 
platysmaplasty, 3118-3119, 3118f 
ptotic subcutaneous fat, 3119 
general considerations in, 3103-3104 
operative stage 
flap elevation, 3116, 3116f 
submentoplasty, 3114, 3115f, 3116, 
311 6f 
superficial musculo-aponeurotic sys- 
tem suspension, 3116-3117, 3117f 
postoperative care, 3124-3125 
preoperative planning and evaluation 


face structure, 3108, 3109f, 3110f 
facial nerve and muscle, 3108-3109, 
3110f 
hyoid bone and suprahyoid muscula- 
ture, 3108, 3110f 
patient preparation, 3109 
smoking history, 3109 
special considerations 
male face-lift, 3122-3123, 3123f 
secondary and revision face-lift, 
3123-3124 
surgery 
anatomy of, 3105-3106, 3106f 
anesthesia, 3111 
incision for, 3111-3113, 3111f-3113f 
marking for, 3111 
patient history, 3106-3107 
Rhytids 
forehead lift and, 3057 
glabellar, Botox injections in, 3242 
lateral periorbital, Botox injections in, 
3242-3243, 3243f 
in transverse forehead, Botox injections 
in, 3242, 3242f 
in vertical lip, Botox injections in, 3243 
Rieger flap, in cutaneous nasal defects, 
2880 
Riga-Fede disease, 754 
Right glomus vagale, 172, 172f 


Right internal carotid artery pseudoaneurysm 


computed tomography, 147-148, 148f 

Right vestibular schwannoma, 150, 152, 
152f 

Robin sequence, 1631, 1631f 
Robot master hand controller, 50, 50f 
Robot stereo viewer, 50, 50f 
Rocker deformity, nasal dorsum, 2960 
Romberg position, 2722 
Romberg test, 2695, 2696f 
Root cause analysis, 3263-3264, 3264t 
Rosai-Dorfman disease, 1598-1599 
Rotation-induced nystagmus, 2687 
Rubella, 5 


Ss 
Saccade, 2304-2305, 2686 
Saccharin test, 367, 456 
Saddle-nose deformity, 2960 
Saline spray 
nonallergic rhinitis, 472 
Saliva 
functions 
antibacterial activity, 697 
buffering action, 697-698 
lubrication and protection, 698 
taste and digestion, 698 
tooth integrity maintenance, 698 
secretion of, 698 
Salivary fistula, 1782 
Salivary gland(s) 
adenoma 
pleomorphic adenoma, 186f 
warthin tumor, 186f 
anatomy of, 762t, 1760, 1761t 
biopsy of 
fine-needle aspiration, 1769, 1769t 
surgical, 1770 
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carcinoma 
acinic cell, 192f 
adenoid cystic, 192f 
epithelial-myoepithelial, 192f 
mucoepidermoid, 193f 
polymorphous low-grade adenocarci- 
noma, 193f 
embryology 
embryogenesis, 691, 692f 
lymphatic system, 691 
minor salivary glands, 697 
parotid gland. See Parotid gland 
sublingual gland, 696-697 
submandibular gland, 695-696, 
696f 
imaging, 699, 699f 
infections, 138 
lymphoma of, 1768, 2037-2039, 2038f 
major, 762t, 1760, 1761t 
minor, 762t, 1760, 1761t 
nonneoplastic diseases of, 702-714 
physiology 
functions, 697-698 
microstructure, 697 
salivary flow rates, 698-699 
secretion, 698 
physiology of, 762t, 1760, 1761t 
sialendoscopy, 700 


Salivary gland disease 


aberrant salivary gland tissue, 713 
acute suppurative sialadenitis 
bimanual palpation, 703 
causative microbes, 703 
incidence, 702 
salivary stasis, 702 
treatment, 703 
autoimmune conditions, Sjogren syn- 
drome, 1475 
benign 
basal cell adenoma, 1764 
oncocytoma, 1763-1764, 1763f 
pleomorphic adenoma, 1760-1762, 
1762f 
Warthin Tumor, 1762, 1763f 
cheilitis glandularis, 713 
chemotherapy, 1781, 1781t 
classification of, 1760, 1761t 
complications of, 713-714 
diagnosis and management, 714t 
differential diagnosis of, 177 
etiology of, 1678 
glandular hypertrophy, 713 
granulomatous infections 
Cat-scratch disease, 704-705 
chronic sialadenitis, 706-707, 707f 
cystic lesions, 710-711 
juvenile recurrent parotitis, 707-708, 
708f 
sarcoidosis, 705 
sialendoscopy, 709-710, 709f, 710f 
sialolithiasis, 708-709, 708f 
Sjogren syndrome, 705-706, 705f, 706f 
tuberculosis, 704 
history in, 1768-1769, 1768f 
imaging, 1769-1770, 1769f, 1770f 
incidence of, 1762t 
inflammatory conditions 
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Salivary gland disease (Continued) 
acute sialadenitis, 1467-1469 
chronic inflammation, 1469-1470 
diagnosis and management, 1468t 

of lip, 1791, 1794 
location of, 1784 
malignant 
acinic cell carcinoma, 1765-1766, 
1765f 
adenocarcinoma, 1766 


adenoid cystic carcinoma, 1765, 1765f 


carcinoma ex pleomorphic adenoma, 
1766-1767, 1766f 
lymphoma, 1768 
mucoepidermoid carcinoma, 
1764-1765, 1764f 
polymorphous low-grade adenocar- 
cinoma 
primary squamous cell carcinoma, 
1767 
salivary duct carcinoma, 1767-1768, 
1767f 
sarcoma, 1768 
undifferentiated carcinoma, 1767 
mesenchymal tumors. See Mesenchymal 
tumors 
metastases, 1784 
necrotizing sialometaplasia, 713 
pediatric, 1760 
physical examination, 1769 
pneumoparotitis, 713 
prognosis of, 1767, 1784 
radiation injury 
radioactive iodine-induced sialadeni- 
tis, 711 
sialadenosis, 712-713 
trauma, 711-712, 712f 
radiation therapy, 1779, 1781 
risk factor for, 1762, 1768, 1782 
sialorrhea, 1475-1477 
surgery for 
minor salivary gland, 1779 
for parotid tumors, 1770 
for submandibular gland tumors, 
1778-1779 
trauma, 1477 
viral sialadenitis 
HIV, 704 
mumps, 703-704 
Sampling population, for clinical data, 
97-98, 97t 
Sarcoidosis, 281-283, 282f, 539, 705, 
748-749, 982, 982f, 1598 
cerebellopontine angle, 2580 
childhood 
Marshall syndrome, 754 
traumatic eosinophilic granuloma, 
754 
differential diagnosis, 492, 492f 
erythema multiforme, 754 
otologic manifestations, 2522 
physical examination, 491-492, 492f 
sinonasal manifestations, 491, 492 
treatment, 493 
Sarcoma, 1602, 2074 
salivary gland, 1768 
of temporal bone, 2374 


Scalp, 2084-2085 
anatomy of, 3, 4f 
implants for, 2789-2790 
Scalpels, 21-22 
Scapular and parascapular flaps, fasciocu- 
taneous and osteofasciocutane- 
ous, 2839-2842 
Scar(s) 
camouflage, 2859-2869 
adjunctive nonsurgical interventions 
direct camouflage, 2868 
intralesional injections, 2866 
resurfacing techniques, 2866-2868 
topical agents, 2868-2869 
dermabrasion for, 2867, 2867f, 2868f 
excisional techniques for, 2863-2864 
laser resurfacing for, 2866-2867 
scar imregularization for, 2861-2863, 
2862f-2866f 
scar types, 2860 
soft tissue fillers for, 2868 
surgical techniques 
flaps, 2861-2863 
grafts, 2864 
prevention, 2865-2866 
serial excision, 2863-2864 
surgical planning and scar reloca- 
tion, 2860-2861, 2861f 
tissue expansion, 2864 
wound healing process 
inflammatory phase, 2859 
proliferative phase, 2859 
remodeling phase, 2860 
depressed, management of, 2860 
hypertrophic, 3217, 3217f 
treatment of, 3227 
techniques of, 2860-2861 
widening of, following forehead lift, 3071 
Scarlet fever, 759 
Scheibe malformation, 1536 
Schirmer test, 221 
Schneiderian papilloma 
exophytic, 186f 
inverted, 187f 
oncocytic, 187f 
Schwannoma, 985, 2069 
facial nerve, 2377 
jugular foramen, 2377 
of temporal bone 
categories of, 2377 
diagnosis of, 2377-2378 
trigeminal, 2377 
vestibular, 2377 
Scintigraphy 
°™Te pertechnetate, 163 
nuclear scintigraphy, 161 
parathyroid, 162-163 
somatostatin, 163 
thyroid, 161-162, 162f, 162t 
Scleritis, 224 
Screw application 
skeletal facial trauma, rigid fixation, 
1156-1157, 1157f 
Sebaceous hyperplasia, 3215 
treatment of, 3226 
Seborrheic keratoses, 3212 
treatment of, 3224 


Secondary ciliary dyskinesia, 367-368 
Secondary headache 
carotidynia and carotid artery dissection, 
313 
craniofacial or cervical disorders, 314 
neuropathic pain 
glossopharyngeal neuralgia, 312 
occipital neuralgia, 312 
trigeminal neuralgia, 312, 312t 
nonvascular intracranial disorders, 
313-314 
signs and symptoms, 310t, 311t 
sinogenic pain, 310-312 
Sluder syndrome, 313 
subdural hematoma, 313 
temporal arteritis, 313 
temporomandibular joint syndrome, 
314 
vascular disorders, 313, 313t 
Secondary intention healing, of cutaneous 
nasal defects, 2876 
Sedatives 
benzodiazepines, 65, 65t 
dexmetomidine, 66 
propofol, 66 
ventilator days and ICU length of stay, 
64-65 
Selective serotonin reuptake inhibitors, 
208 
Self-directed learning 
activity oriented, 3350 
analyzing process, 3351 
goal oriented, 3350 
learning oriented, 3350 
personal action, 3350 
promoting 
computerized learning modules, 
3351 
computerized self-directed learning 
modules, 3352 
identifying needs, 3351-3352 
portfolio projects, 3351, 3352 
skills and competencies, 3350t 
undergraduate curriculum, 
3352-3353 
walkabout model, 3350 
Sella turcica, 257 
Semicircular canal dehiscence, 2610 
Semioccluded vocal tract, voice therapy, 
1053 
Senescence, 298 
Senile chin deformity, 3181 
Senile keratosis, 1726 
Senile macular degeneration, 222 
Sensitization, aesthetic self-assessment, 
peer Group comparison and 
avoidance behaviors, 2758 
Sensorineural hearing loss 
causes of, 1532 
definition of, 1532 
diagnostic evaluation of, 1536-1537 
inner ear anomaly 
cochlear aplasia, 1535 
cochlear hypoplasia, 1535 
intracochlear partition type I and 
type IL, 1534 
labyrinthine malformations, 1534 


large vestibular aqueduct, 1535 
Mondini malformation, 1534 
Pendred syndrome, 1535 
membranous anomalies 
Alexander malformation, 1536 
Bing-Siebenmann malformation, 
1536 
Scheibe malformation, 1536 
middle and inner ear structural anomaly 
branchio-oto-renal syndromes, 
1533-1534 
CHARGE, 1533 
congenital stapes disorders, 1533 
external auditory canal atresia, 1533 
facial palsy, 1533 
perilymphatic fistula, 1534 
very low birth weight, NICU infants 
auditory neuropathy spectrum disor- 
der, 1533 
hyperbilirubinemia, 1533 
incidence of, 1532 
vestibular anomaly, 1536 
Sensory impairment 
facial paralysis, 1299 
haemophilus influenzae type B, 1298 
multichannel cochlear implantation, 
1298 
otolaryngologist, 1297, 1298t 
pediatric otolaryngologists, 1299 
vertiginous disorder, 1299 
vocal fold paralysis, 1299 
Sensory loss, aspiration in, 861 
Sensory nerve, injury to, during forehead 
lift, 3070 
Sensory organization test, 2309, 2310f 
Sentinel lymph node biopsy, 1814-1815 
pathologic analysis of, 1748 
potential therapeutic benefit, 1748 
surgical management of, 1745, 1746f 
technical considerations 
handheld gamma probe, 1748 
localization and mapping of, 1746 
lymphazurin, 1746 
radioactivity use, 1746 
SPECT-CT, 1746, 1747f 
Septal deviation, nasal obstruction in, 
363-364 
Septal extension graft 
caudal excess nasal deformity, 3017 
caudal septum placement, 3015-3016, 
3015f, 301 6f 
overresected nasal tip, 3016, 3016f 
rigid stability, 3018 
uses of, 3015 
Septodermoplasty, 507 
Septoplasty, 2979-2980 
cartilaginous septum, 615 
clinical indications for, 614t 
complications, 616-617 
endoscopic, 615, 616f 
extracorporeal, 616, 616f 
Freer’s hemitransfixion incision, 615, 615f 
hemostatic agent, 615 
Killian incision, 615 
mucoperichondrial flap elevation, 615, 
615f 
outcomes, 616 


septal anatomy, 614, 614f 
Severe reinke edema, voice therapy, 1054 
Shave biopsy, 3220f 
Shield grafts, nasal tip surgery, 2974-2975, 
2975f 
Shikani optical stylet, 901, 901f 
Shock, in trauma patients, 1097-1098 
cardiogenic, 1099-1100, 1100f 
hypovolemic, 1098-1099 
neurogenic, 1099 
Shprintzen syndrome, 1631-1632, 1631f 
Sialadenitis 
acute 
bacterial, 1467 
neonatal, 1467-1468 
viral, 1468-1469 
acute suppurative 
bimanual palpation, 703 
causative microbes, 703 
incidence, 702 
salivary stasis, 702 
treatment, 703 
chronic, 706-707, 707f 
radioactive iodine-induced, 711 
Sialadenosis, 712-713 
Sialectasis, in children, 1469 
Sialendoscopy, 700 
Sialography, 164-165, 165f 
Sialolithiasis, 1469-1470 
Sialometaplasia, necrotizing 
versus minor salivary gland tumor, 1770 
Sialo-odontogenic cyst, 2099-2100, 2100f 
Sialorrhea 
salivary gland disease, 1475-1477 
Sickle cell disease, 28 
Side-lying posture, 839-840 
sIgE testing, 418-419, 419f 
Sigmoid sinus 
diverticula, 2607 
thrombophlebitis, 2406-2407 
Silicone 
for management of scars, 2868 
for soft tissue augmentation, 3248-3249 
Silver-Russell syndrome, 121 
Single lens reflex photography, 2777, 
2778 
Single-nucleotide polymorphisms, 460 
Single-sided deafness, 2640. See also 
Hearing loss 
Sinogenic pain 
causes of, 310, 311 
thinosinusitis, 311, 311t 
treatment, 312 
Sinonasal disease 
allergy testing 
in vitro skin testing, 453-454 
in vivo skin testing, 452-453, 452t 
ciliary testing 
ciliary motility analysis, 457 
ciliary ultrastructure analysis, 457 
genetic analysis, 457 
nasal nitric oxide, 456 
primary ciliary dyskinesia, 456 
saccharin test, 456 
in-office CT scanning 
advantages, 458 
disadvantages, 458, 458t 
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versus traditional sinus CT scans, 
457-458 
types, 457, 458f 
laboratory investigations 
cystic fibrosis testing, 450-451 
infectious testing, 451 
primary immunodeficiency testing, 
451 
systemic inflammatory disease testing, 
451-452, 452¢ 
nasal airway patency evaluation 
acoustic rhinometry, 455-456 
thinomanometty, 456, 456f 
olfactory testing 
electrophysiologic olfactory tests, 455 
psychological olfactory tests, 
454-455 
radiographic imaging, 446-447 
computed tomography, 449, 449t 
magnetic resonance imaging, 
449-450, 450¢ 
plain films (Roentgenographs), 447, 
449 
rigid sinonasal endoscopy, 446, 447t 
Sinonasal lymphoma, 2037 
Sinonasal papilloma 
exophytic Schneiderian papilloma, 186f 
inverted Schneiderian papilloma, 187f 
oncocytic Schneiderian papilloma, 187f 
Sinonasal tract 
anatomy of, 361f 
embryology of, 359 
and external environment, 369 
Sinonasal undifferentiated carcinoma, 
194f, 2048 
Sinus(es) 
anatomy of, 8, 8f 
neoplasms 
benign epithelial tumors, 2045-2046, 
2046t, 2047t 
benign nonepithelial tumors, 2048 
biopsy, 2049 
chemotherapy, 2051, 2053, 2057t 
diagnosis, 2044-2045, 2045t 
emergencies in, 2061-2062, 2061t 
ethmoid sinus, 2055 
frontal sinus, 2057 
malignant epithelial tumors, 
2046-2048, 2047t, 2048t 
malignant nonepithelial tumors, 
2048-2049 
maxillary antrum, 2063 
metastatic tumors, 2049 
nasal cavity, 2063 
pathology, 2045, 2045t 
postsurgical rehabilitation, 2050 
radiation therapy, 2050-2051 
sphenoid sinus, 2055, 2057 
squamous cell carcinoma, 2053 
staging, 2049, 2050¢ 
surgical resection, 2050, 2051f-2056f 
tumors management, 2056f, 
2057-2058, 2057t 
Sinus obstruction, causes of, 538 
Sinus surgery, 50, 644t 
anterior skull base 
choanal bridge, 642, 643f 


I-50 


Index 


Sinus surgery (Continued) 
cribriform plate, 640-641 
fovea ethmoidalis, 641-642 
Keros catagorization, 642, 642f 
maxillary and ethmoid sinuses, 
642-643, 643f 
middle turbinate, 642 
planum sphenoidale, 640 
sphenoid sinus, 641 
brain and blood vessel injury, 658 
cerebrospinal fluid fistula, 655-656 
endoscopic surgical procedures 
balloon catheter dilation procedures, 
649 
frontal sinus surgery, 649 
image-guided endoscopic sinus sur- 
gery, 650 
middle meatal antrostomy, 647-648, 
648f 
powered endoscopic sinus surgery, 
649-650, 650f 
sphenoidotomy, 648-649, 648f, 649f 
external approaches, 604-611 
growth and sinus development abnor- 
mality, 658, 660 
hemorrhage, 656-657 
olfactory loss, 658 
open surgical procedures 
Caldwell-Luc operation, 644-645 
frontal sinus trephination, 646 
inferior meatal antrostomy, 
644, 644t 
intranasal ethmoidectomy, 645 
open frontal sinus surgery, 647 
sphenoidotomy, 646, 646f 
transantral and external ethmoidec- 
tomy, 645-646 
orbital complications 
bindness, 653-655 
diplopia, 655 
epiphora, 655 
hematoma, 650-653 
paresthesia and hypesthesia, 658 
subcutaneous emphysema, 655 
synechia, 657-658 
Sinusitis, 137, 1456 
chronic 
pediatric rhinosinusitis, 1459t 
definition, 509 
in Kartagener syndrome, 1629 
Sistrunk procedure, 1612, 1612f 
Sjogren syndrome, 164, 165f, 271-272, 
496, 497f, 1475 
acquired immunodeficiency syndrome- 
related complex, 705 
clinical manifestations of, 271 
diagnostic criteria, 705 
early lymphocytic infiltrate pattern, 272 
head and neck manifestations, 272 
imaging, 705, 706f 
pathophysiology, 705 
primary and secondary form, 271 
treatment, 272, 705-706 
Skeletal facial trauma, rigid fixation 
bone healing, 1153-1154 
complications, 1167-1169, 1169t 
fracture reduction, 1159-1160, 1160f 


incisions and exposure, 1162-1163, 
1162f-1163f 
instrumentation, 1158-1159 
lag screw, 1157, 1158f 
occlusion, 1161, 1161f 
panfacial fracture 
anatomic reduction, 1165 
dimensions, 1165, 1166f 
emergency, 1163, 1164t 
fracture fixation, 1165, 1166f 
history and physical examination, 1163 
nasoethmoid complex, 1167 
orbital floor continuity, 1166-1167 
orbital/periorbital fracture, 1164 
radiologic evaluation, 1164 
skull base, 1165, 1165f 
subcranial approach, 1164-1165 
zygomatic arch fracture, 1166 
pathophysiology and classification, 
1154, 1154f 
plate application, 1157-1158, 1158t 
principles of, 1155, 1155f-1156f 
rationale, 1154-1155 
screw application, 1156-1157, 1157f 
soft tissue loss, 1167, 1168f 
terminology, 1155-1156 


Skew deviation, dizziness, 2690 
Skin 


of forehead, 3054, 3054f 
nasal, 2924 
premalignant lesions, 1726-1727, 1727f 


Skin cancer, 1723-1737 


anatomic location of, 1727, 1728t 
cryosurgery in, 1730 
curettage with electrodesiccation, for 
skin, 1730 
laser therapy, 1731 
Mohs surgery, 1731 
photodynamic therapy, 1730-1731 
radiation therapy, 1730 
reconstructive surgery in, 1733-1734 
epidemiology of, 1723 
etiology of, 1723-1724 
evaluation of, 1723 
excisional surgery in, 1731 
human papillomavirus and, 1724 
merkel cell carcinoma, 1735-1736 
metastases from 
nodal, 1735 
premalignant lesions, 1726-1727, 1727f 
prognosis of, 1728 
recurrent, 1729-1730 
risk factors for, 1723-1724 
squamous cell 
evaluation, 1725 
histopathology of, 1725-1726 
TNM classification of, 1727 
treatment of, 1730-1735 
tumor behavior in, 1727-1728 


Skin grafts, in cutaneous nasal defects, 


2877, 2877t 


Skin prick tests, 415-416, 415f 
Skin resurfacing 


Hetter chemical peel 
basic science of, 3191-3193, 3192t 
complications, 3195, 3198 
historical background of, 3189, 3190t 


patient selection, 3189-3190, 3190t, 
3191t 
postoperative care, 3194-3195, 
3195f-3197f 
prepeel preparation, 3190-3191 
technique of, 3193-3194, 3193t, 
3194f 
lasers, facial plastic surgery, 3208, 3209f 
Skin substitutes, 53 
Skin tags, treatment of, 3227 
Skin-appendage tumors, 3215-3216, 
3216f 
Skull 
bony lesions of, 292-295 
implants for, 2790 
Skull base 
defects of, microvascular reconstructive 
approaches to, 2846-2847 
endoscopic surgery, 2077 
fibrous dysplasia, 143, 143f 
lateral 
and ear, neoplasms of, 2358-2382 
metastatic disease, 2381 
neoplasms, 2058, 2059f-2060f, 2061 
surgery of, facial nerve monitoring dur- 
ing, 2327-2328 
tumors of, facial nerve and, 2515-2516 
Sleep apnea 
obstructive 
anesthetic complications, 2226 
behavioral modifications, 2185-2186 
conditions causing, 2221t 
consequences of, 2220-2221 
continuous positive airway pressure, 
2224 
hypersomnia, 2186 
hypopharyngeal procedures 
direct tissue excision, 2213 
epiglottis posterior displacement/ 
retroflexion, 2213-2214 
genioglossus advancement, 2211, 
2212f 
hyoid suspension procedure, 2211, 
2212f 
lingual tonsillectomy, 2213, 2215f 
palate surgery, 2210, 2211t 
submucosal tongue radiofrequency, 
2213, 2214f 
tongue advancement, 2211 
tongue reduction procedures, 2213 
tongue stabilization, 2213 
hypoxemia, 2186 
insomnia, 2186 
medical therapy, 2183 
medical treatment, 2224, 2224f 
nasal obstruction treatment, 2183 
nasal surgery 
impact on sleep, 2193-2194, 2194t 
nasal resistance, 2192-2193 
patients evaluation, 2193 
symptoms of, 2192-2193 
oral appliances 
adherence, 2182-2183 
effectiveness, 2181-2182, 2182f 
mandibular repositioning appli- 
ance, 2180, 2181f 
side effects and complications, 2183 


thermoplastic splints, 2180-2181 
tongue retaining device, 2180, 2181f 
oropharyngeal airway, obstruction 
cine magnetic resonance imaging, 
2227-2228, 2228f, 2229f, 2230t 
drug-induced sleep endoscopy, 
2227 
Mueller maneuver grading system, 
2226-2227 
persistent nasal airway obstruction, 
2227 
radiographic study, 2227 
oropharyngeal exercises, 2185 
outcome assessment 
clinical outcomes, 2209, 2209t 
sleep testing outcomes, 2209-2210 
oxygen therapy, 2185 
palate surgery 
adult tonsillectomy, 2197-2198 
diagnosis and evaluation, 2196, 
2196f 
expansion sphincter pharyngo- 
plasty, 2199-2200, 2200f 
failure of, 2199 
palatopharyngoplasty, 2197 
transpalatal advancement pharyngo- 
plasty, 2198-2199, 2198f, 2199f 
upper pharynx anatomy, 2195-2196 
uvulopalatopharyngoplasty, 2197 
positional therapy, 2184-2185 
positive airway pressure 
adherence, 2178-2179 
effectiveness, 2176-2178 
interfaces, 2176 
modality, 2174-2175 
pathophysiology of, 2174, 2175f 
side effects and complications, 2179 
titration methods, 2175-2176 
postoperative evaluation, 2226 
preoperative evaluation, 2225-2226 
skeletal surgery 
maxillomandibular advancement, 
2214, 2215f, 2216 
snoring 
minimally invasive techniques and 
procedures, 2200-2203 
Stanford protocol, 2192 
surgical evaluation 
airway evaluation techniques, 2206, 
2207t 
axial T2-weighted MRI, 2208, 2208f 
drug-induced sleep endoscopy, 
2208, 2208f, 2209f 
fiberoptic endoscopy, 2207-2208 
history and physical examination, 
2206 
lateral cephalometry, 2207 
mandible and dentition, positions 
and dimensions, 2207 
modified Mallampati position, 2207 
obesity and weight gain, 2206-2207 
surgical treatment 
adenoidectomy, 2225 
adenotonsillectomy, 2225, 2225f 
treatment of 
anatomic locations, upper airway 
obstruction, 2230, 2231f 


medical therapy, 2230 
nasal surgery, 2230-2233 
oral appliances, 2229 
oropharyngeal scarring and stenosis, 
2230 
positional therapy, 2230, 2230f 
positive airway pressure therapy, 
2228 
weight loss, 2229 
weight loss, 2184, 2184f 
Sleep disorders 
airway, radiologic evaluation 
computed tomography, 2167, 2167f 
fluoroscopy, 2167 
magnetic resonance imaging, 2167, 
2168f 
somnofluoroscopy, 2167 
X-ray cephalometry, 2166-2167, 2167f 
circadian rhythm disorders 
delayed sleep phase type, 2153 
jet lag type, 2153 
shift work type, 2153 
diagnosis of, 2168-2170, 2168f, 2169t 
inadequate sleep, 2152-2153 
insomnia, 2153 
international classification of, 2149, 
2151t 
narcolepsy, 2153-2154 
patient evaluation 
abdominal obesity, 2166 
age and gender, 2160 
body mass index, 2164, 2164t 
dental occlusion, 2165, 2166f 
drug-induced sleep endoscopy, 2166 
ESS questionnaire, 2155, 2156t 
Friedman clinical staging system, 2165 
head and neck examination, 2165 
height and weight, 2160 
history, 2154 
Mallampati rating, oral cavity, 2165, 
2165f 
nasopharyngeal endoscopy, 2166 
nocturnal awakening, 2155 
patient's daily schedule, 2155 
review of systems, 2159-2160 
sleep diary, 2155, 2156f 
sleep hygiene and quality, 2154, 2155t 
snoring, 2154-2155 
standardized history and physical 
form, 2157, 2157f, 2158f 
tonsil size, 2165, 2165f 
waist-hip ratio, 2166 
rapid eye movement, 2154 
restless legs syndrome, 2154 
sleep-disordered breathing 
central sleep apnea/complex sleep 
apnea, 2152 
obesity-hypoventilation syndrome, 
2152 
obstructive sleep apnea, 2150-2152, 
2152t 
treatment of, 2170-2171 
Sleep-disordered breathing 
adenotonsillar disease, in children, 1438 
conditions causing, 2221t 
diagnosis 
flexible laryngoscopy, 2223 
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history, 2221, 2221t 
nasopharyngoscopy, 2223 
physical examination, 2221-2223, 
2222f, 2222t 
polysomnography, 2223-2224, 2223t 
epidemiology, 2220, 2221t 
Sluder syndrome, 313 
Small agger cel, 677f 
Smell identification test, 375, 454-455, 
455f 
Smith-Lemli-Opitz syndrome, 1640 
Smoking 
nicotine, 329 
prevalence, 329 
secondhand smoke, 330 
socioeconomic status, 329 
tobacco. See Tobacco use 
Smooth pursuit, dizziness, 2686-2687 
Sniffing sticks testing, 454-455 
Snoring 
obstructive sleep apnea, 2191-2192 
minimally invasive techniques and pro- 
cedures 
anterior palatoplasty, 2202-2203 
coblation techniques, 2201-2202 
factors influencing, 2201 
injection snoreplasty, 2202 
mortality of, 2201 
pillar soft palate implants, 2202 
prevalence of, 2201 
radiofrequency tissue ablation, 
2201-2202 
Soft tissue 
augmentation, 3244-3250 
autografts, 3245 
autologous fat, 3249 
calcium hydroxylapatite, 3247, 3247f 
homografts, 3245 
hyaluronic acid products, 3245f, 
3246-3247 
poly-L-lactic acid, 3247-3248, 3248f 
polymethyl methacrylate, 3248 
silicone, 3248-3249 
xenographs, 3245 
reconstruction of, following oropharyn- 
geal surgery, 1912-1913, 1912f 
subcutaneous, nasal, 2924 
xenografts, 3245 
Soft-tissue defects, external, microvascular 
reconstructive approaches to, 
2847 
Soft tissue fillers, 2868 
Soft tissue injuries 
anatomical location 
auricle, 1123-1126, 1123f-1125f 
cheek and parotid, 1120-1121, 1121f, 
1122f 
eyelids and lacrimal system, 
1117-1119, 1117f-1119f 
facial nerve injury, 1121-1123 
forehead, temple and brow, 
1115-1117, 1116f 
lips and chin, 1126, 1126f 
nose, 1119-1120 
scalp, 1114-1115, 1114f 
etiology, 1108 
evaluation, 1108-1109 
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Soft tissue injuries (Continued) 
laceration repair 
drains, 1114 
postoperative care, 1113-1114 
suture techniques, 1112-1113, 1112f, 
1113f 
mechanism of, 1108 
pediatric, 1128-1129 
special considerations for 
bites, 1127-1128 
burns, 1128 
wounds 
classification, 1109-1110 
management, 1110-1112, lf, 1112¢t 
Solar keratosis, 1726 
Solitary fibrous tumor, 2073-2074 
Solitary median maxillary central incisoz, 
1316 
Space-based approach, image interpretation 
buccal space, 170, 170f 
carotid sheath, 172-173 
differential diagnoses, 168t 
masticator space, 170, 171f 
parapharyngeal space, 170-172, 171f, 
172f 
parotid space, 173 
pharyngeal mucosal space, 168 
posterior triangle space, 173, 173f 
prevertebral space, 173, 173f 
retropharyngeal space, 168-169, 169f 
sublingual space, 169, 169f 
submandibular space, 169-170, 170f 
visceral space, 173 
Spasmodic dysphonia, 1032-1033, 1055 
Spectrogram, professional voice, 1062f 
Speech surgery, 1561-1562, 1568 
Speech threshold, 2278 
Sphenoid sinus, 607, 610. See also Sinus(es) 
Sphenoidotomy, complications 
endoscopic surgical procedures, 
648-649, 648f, 649f 
open surgery, 646, 646f 
Sphenopalatine artery ligation, 506, 506f 
Sphincter pharyngoplasty, 1568 
Spider angiomas, treatment of, 3227 
Spinal muscular atrophy, 1038 
Spine injuries, secondary survey of trauma, 
1100-1101, 1100f, 1101t 
Spitz nevus, 3218, 3219f 
treatment of, 3227 
Splint therapy 
temporomandibular joint, 788-789, 789f 
Spondee words, 2277-2278 
Spontaneous central nystagmus, 2719 
Spontaneous cerebro spina fluid leaks, 
664-665 
Spontaneous nystagmus, 2305 
dizziness, 2684-2685 
Spontaneous peripheral nystagmus, 
2718-2719 
Squamous cell carcinoma, 2046-2048, 
2047t, 2048t 
adverse pathologic features in, 196 
benign neoplasms 
salivary gland type adenomas, 186f 
sinonasal papillomas, 186f-187f 
squamous precursor lesions, 
187f-188f 


ear and lateral skull base, 2367 
histologic variants of, 194-195 
HPV-related, 196 
malignant neoplasms 
basaloid SCC, 191f 
dysplasia, 194 
invasive and in situ SCC, 188f 
lymphoepithelial carcinoma, 190f 
nasopharyngeal carcinoma, 191f 
perineural invasion, 190f 
poorly differentiated SCC, 189f 
salivary gland type carcinoma, 
192f-193f 
verrucous carcinoma, 191f 
well and moderately differentiated 
SCC, 189f 
oropharyngeal, treatment of, 
1903-1905, 1904t 
of pinna, 2367 
salivary gland, 1767 
tracheal tumors, 1996 
treatment of, 2367 
Squamous cell papilloma, 2370 
Squamous dysplasia 
mild, 187f 
moderate, 188f 
severe, 188f 
Staging system 
creation of, 103-104 
malignant melanoma 
National Comprehensive Cancer 
Network guidelines, 1744 
primary tumor, 1742 
regional nodal staging, 1742-1744 
Stahl ear, otoplasty, 3144, 3145f 
Standard mastoidectomy, 2633 
Stapedectomy 
complications of, 2493t, 2500-2501 
facial nerve monitoring during, 2328 
indication, 2500, 2500t 
patient counseling for, 2494 
patient selection for, 2493-2494 
pitfalls of, 2500-2501 
technique for, 2494-2500, 2495f-2498f, 
2500t 
Stapedial reflex measurement, acoustic, 
2279-2280 
Staphylococcus aureus, 1149, 1363, 1433, 
1458, 1458t 
Static positional testing, 2306 
Statistical tests 
for related samples, 95 
results of, strength and consistency of, 
99-100 
for valid analysis, 94-95 
Status epilepticus 
pharmacologic management of, 42, 42t 
Stem cell factor, 399 
Stenosis 
laryngeal trauma, 1146, 1149, 1150 
Stenotic lesions, larynx and airway, 
963-964 
Stents 
upper airway stenosis, tracheal 
autografts, 891 
placement, 890 
tracheotomy tube, 891, 891f 
used for, 890 


Stereotactic radiotherapy 
in recurrent nasopharyngeal cancer, 
1889 
Sterile technique, 21 
Steroids 
chronic rhinosinusitis, 587-588 
scar camouflage, 2866 
subjective nonpulsatile tinnitus, 2603 
Stevens-Johnson syndrome, pharyngitis 
due, 762-763 
Stickler syndrome, 124, 1640 
in hearing loss, 1543t, 1549 
Robin sequence, 1620 
Stomatitis 
clinical assessment of, 736-737 
etiology, 737 
fungal infection 
candidiasis, 740-741, 740f, 740t, 741f 
denture-related, 741-742, 741f 
paracoccidioidomycosis, 742, 742t 
idiopathic 
burning mouth syndrome, 753, 753t 
erythema migrans, 753-754 
oral lichen planus, 751-752, 752f 
orofacial granulomatosis, 753 
recurrent aphthous stomatitis, 
749-751, 749f-751f, 750t 
malnutrition and deficiency, 749 
systemic condition 
Behcet disease, 748 
Crohn disease, 747-748 
cyclic hematopoiesis, 749 
lupus, 747 
pregnancy, 748 
sarcoidosis, 748-749 
ulcerative colitis, 748 
Wegener granulomatosis, 747 
treatment-related 
drugs administration, 737-738 
lichenoid reaction, 739-740, 
739f, 739t 
medications, 738 
mucositis, 737, 737f, 738 
tuberculosis, 743-744 
vesiculobullous lesions 
bullous pemphigoid, 745, 745f 
epidermolysis bullosa acquisita, 745 
mucous membrane pemphigoid, 
744-745, 744f 
pemphigus vulgaris, 745-747, 745f, 
746f, 747¢ 
viral infection 
herpes simplex virus, 742-743, 742f 
HIV-associated stomatitis, 742-743 
Strabismus, 229 
Streptococcal infections 
complications of, 760 
pharyngitis due to, 758-760, 760f, 765 
Streptococcus pneumoniae, 1300 
pediatric rhinosinusitis and, 1458, 1458t 
Stress relaxation, 2850 
Stress ulcers 
preventive management of, 39 
prophylaxis, indications, 69t 
treatment of, 39 
Stridor 
diagnosis for 
laryngomalacia, 1339-1340, 1340f 


laryngotracheobronchitis, 1342 
subglottic stenosis, 1343-1344, 1343f 
vascular anomalies, 1340-1342, 
1341f 
vocal cord immobility, 1342-1343 
endoscopy, 1339 
management of, 1344 
perinatal history, 1338-1339 
physical examination, 1339 
radiology, 1339 
Stroboscopy, 
vocal difficulties, 1071-1072 
voice examination, 955 
Stroke, 199 
after carotid artery dissection, 1826 
neurologic deficitsdisorder, 1034-1036 
Sturge-Weber syndrome, 1584, 1640 
Sty, 223-224 
Subacute necrotizing sialadenitis, 713 
Subarachnoid hemorrhage, 204 
Subcutaneous emphysema 
percutaneous dilatational tracheotomy, 
943 
sinus surgery complications, 655 
Subcutaneous immunotherapy, 591 
allergic rhinitis, 465 
Subdural abscess, 581, 581f 
Subdural empyema, 2406 
Subdural hematoma, 313 
Subglottic cancer, early 
surgical pathology, 1955-1956 
treatment, 1956 
Subglottic carcinoma, 1973 
Subglottic hemangioma, 1578, 1579f 
Subglottic pressure, professional voice, 
1063-1064, 1063f 
Subglottic stenosis, 1149 
Sublingual gland 
anatomy, 696 
arterial blood supply, 696-697 
ducts, 696 
sympathetic and parasympathetic inner- 
vation, 697 
tumors of, 1768 
Sublingual immunotherapy, 404, 591 
allergic rhinitis, 466 
Submandibular gland(s) 
anatomy, 12, 12f, 695, 695f 
arterial blood supply, 696 
capsule, 696 
complications of, 1783t 
technique, 1779, 1780f 
ptosis, 3133 
superficial and deep lobes, 695, 696f 
surgery of, 1778-1779 
sympathetic innervation, 696 
tumors of, 1760, 1778 
Submandibular space, deep neck infection, 
807-809, 808f, 809f 
Submucosal minimally invasive lingual 
excision procedure, 2232-2233 
Subperiosteal abscess, 575, 576f 
Succinylcholine, 243 
Sudden loss of vision, 222-223, 223f 
Sudden sensorineural hearing loss 
autoimmune inner ear disease, 2591 
corticosteroid therapy, 2593 
definition of, 2589 


differential diagnosis, 2589-2590, 
2590t 
epidemiology of, 2589 
intracochlear membrane rupture, 
2590-2591 
patient evaluation, 2591, 2591t 
spontaneous recovery rate, 2592-2593 
therapeutic regimens, 2593 
transtympanic steroid application, 
2593 
treatment, 2592 
vascular compromise, 2590 
viral infection, 2590, 2593-2594 
Sugammadex, 244 
Sulcus vocalis, 993-994, 994f 
Sumatriptan (Imitrex), 207 
Sun exposure 
lip cancer and, 1790 
skin cancer, 1723 
Supercentenarians, 298 
Superficial cervical fascia, deep neck space, 
795 
Superficial spreading melanoma, 1741 
Superior canal dehiscence syndrome 
chronically inadequate vestibular func- 
tion, 2712 
clinical features, 2710 
diagnostic tests, 2710-2711 
treatment, 2711-2712 
Superior laryngeal nerve, 873 
block, 238 
injury, 2124 
paresis, 1039, 1040f 
Superior orbital decompression, 632 
Superior semicircular canal dehiscence 
computed tomography, 141, 142f 
Suprabullar cell, 679f 
Supracricoid laryngectomy 
early laryngeal cancer, 1947-1948 
partial, 1971, 1971f 
Supraglottic cancer, early 
diagnosis, 1942, 1943t 


horizontal supraglottic laryngectomy, 1947 


neck management, 1948-1949 
outcomes of, 1949 
radiotherapy, 1949 
supracricoid laryngectomy, 1947-1948 
surgical pathology, 1942 
transoral laser microsurgery. See 
Transoral laser microsurgery 
transoral robotic surgery, 1946-1947 
treatment, 1942-1943 
Supraglottic laryngectomy, 1970-1971 
early laryngeal cancer, 1943, 1944f 
Supraglottic quadrangular membrane, 
larynx, 946 
Supraglottic stenosis, 1150 
Supraglottic swallow, 842 
Supraglottitis, 138 
Suprahyoid epiglottis, 1944 
Suprahyoid pharyngotomy, 1907, 1907f 
Supraomohyoid neck dissection, 1819, 
1819f, 1822-1824 
Surfactants 
chronic rhinosinusitis, 592 
Surgery 
versus chemoradiation, 1973 
preoperative evaluation for, 26 
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Surgical Care Improvement Project, 21 
Surgical pathology 
biopsy 
cutaneous lesion, 178-179 
mucosal sites, 179 
subcutaneous masses, 179-180 
frozen section 
cervical lymph node specimens, 
183-184 
medical cost containment, 183 
patterns of, 183 
surgical margins, 183 
time-consuming fixation/dehydration, 
182 
histopathology 
hematoxylin and eosin stain, 185 
squamous cell carcinoma. See 
Squamous cell carcinoma 
pathology laboratory 
reporting standards, 185 
specimen handoff and processing, 
184-185 
surgical margins 
adequacy, 180-181 
orientation, 181-182 
shrinkage, 182 
surgical instruments choice, 182 
Surgical site infection, 44 
Surgical tattooing, 2868 
Surgicel (Ethicon), 52 
Susac syndrome, 212-213 
Suture material, 22 
Suture-guided transhyoid pharyngotomy, 
1613 
Swallowing 
functional assessment, 825-836 
bedside swallow evaluation. See 
Bedside swallow evaluation 
dysphagia, 825, 826t 
high-resolution manometry, 834, 
835f, 835t 
transnasal esophagoscopy. See 
Transnasal esophagoscopy 
glottic closure, 860, 860f 
nonsurgical management of, 
838-847 
compensatory treatment techniques, 
838-841, 839f 
direct therapy, 841 
immunocompromised host, 847 
maneuvers, 842-844, 842t, 843f 
medical management, 844 
motility drugs, 844-845, 845 
motion, resistance and control exer- 
cises, 841 
nutrition, 846 
oral care, 847 
pulmonary status, 846 
radiographic examination, 838 
reflux disease control, 845-846 
sensory-motor integration procedures, 
841-842 
upper esophageal sphincter relaxation, 
860-861 
Sweating, gustatory, 1782, 1782f 
Symptom-specific instruments, 721 
Syndactyly, in Apert syndrome, 
1622-1623, 1623f 
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Syndrome of inappropriate antidiuretic 
hormone secretion 
preoperative management in, 34 
Syndromes 
definitions of, 1620 
otolaryngologic, 1621-1622 
Synechia, sinus surgery complications, 
657-658 
Syphilis, 288-289, 289f, 1528-1529 
larynx, 980 
pharyngitis in, 765 
tertiary, 765 
Syringomas, 3215-3216 
treatment of, 3226 
Systemic lupus erythematosus, 267-269, 
747,981 
diagnosis, 267-268, 268t 
head and neck manifestations 
discoid lesions, 268 
discoid lupus erythematosus, 269 
localized telangiectasia, 268-269 
neuropathy, 269 
ulcerative lesions, 269 
incidence, 267 
treatment, 270-271 
Systemic sclerosis, 272-273 
American College of Rheumatology cri- 
teria for, 272 
diffuse cutaneous disease, 272 
head and neck manifestations, 272-273, 
273f 
incidence, 272 
limited cutaneous disease, 272 
treatment, 273 
visceral and fatal manifestations, 272 
Systemic steroids 
allergic rhinitis, 464 


T 
T1 cell, 677f 
T2 cell, 677f, 678f 
T3 cell, 678f 
Tachydysrhythmias, preoperative manage- 
ment of, 37 
Tandem walk, 2722 
Tantalum implant, 2786 
Tarsorrhaphy, 2912f 
Tarsus, anatomy of, 4, 5f 
Taste 
anatomy of, 729-730, 730f 
development of, 729 
innervation of tongue 
central pathways, 731 
genetic variations, 731 
glossopharyngeal (IX cranial) nerve, 
730 
trigeminal and superior laryngeal 
nerve, 731 
taste altering conditions 
aging, 732-733 
nerve damage, 733 
radiation and chemotherapy, 
733-734 
systemic diseases, 733 
taste loss 
effects of, 734 
therapy for, 734 


testing 
electrogustometry, 732 
regional taste test, 732 
taste detection and recognition, 731 
threshold or intensity testing, 732 
videomicroscopy, 732, 732f, 733f 
whole-mouth taste, 731-732 
transduction, 730 
T-box transcription factor, 389 
Tear trough deformity, lower eyelid bleph- 
aroplasty, 3086, 3087f 
Technical misadventures 
percutaneous dilatational tracheotomy, 


943 
Teeth 
impacted, dentigerous cysts and, 2098, 
2098f 


Telangiectasia, 3206-3207 
hereditary, 3213, 3214t 
treatment, 3226-3227 
Telemedicine 
barriers to adoption 
future directions in, 3369-3370 
licensure and credentialing, 3368 
problem of scale, 3369 
professional liability, 3368 
program building, 3369 
reimbursement, 3368-3369 
definitions 
Alaska Federal Health Care Access 
Network, 3362, 3362f 
asynchronous store-and-forward, 
3362 
remote patient monitoring, 3361, 
3363 
video teleconferencing, 3361-3362 
in otolaryngology 
facial plastics and trauma, 3367 
head and neck oncology, 3367 
laryngology and speech disorders, 
3367 
neurotology, 3364-3366 
in operating room, 3368 
pediatric otolaryngology, 3366-3367 
security and HIPAA, 3363-3364 
Temple lift, bilateral, surgical procedure 
for, 3058f, 3061-3062 
Temporal arteritis, 223, 313 
Temporal bone 
classification of, 2411-2413 
epidemiology of, 2410 
evaluation 
clinical evaluation, 2413-2414 
radiographic evaluation, 2414-2416 
implants for, 2790 
management 
cholesteatoma and external auditory 
stenosis, 2429 
CSF fistulae, 2423-2426 
facial nerve injury, 2416-2423 
hearing loss, 2426-2429 
vascular injuries, 2429-2430 
otosclerosis, 2488, 2488f 
paraganglioma, 2358 
pathophysiology, 2410-2411 
Temporal region, 1116f 
Temporomandibular joint, 782-791, 1195 


anatomy of, 782-783, 783f 
differential diagnosis, 787 
magnetic resonance imaging, 787, 787f 
management 
excessive over jet, 788 
occlusal appliance therapy, 788-789, 
789f 
pharmacotherapy, 789 
physical therapy, 789 
surgery, 788 
pathophysiology 
hypomobility disorder, 785 
intracapsular disorder, 783-784 
molecular biologic mechanism, 
784-785 
muscle-related pain, 783 
posttraumatic, 785-786, 786f 
psychosocial comorbidity, 784 
Wilkes classification, 3f 
physical examination, 786 
physiology of, 782-783, 783f 
surgery-closed 
arthrocentesis, 789 
arthroscopy, 789-790 
open surgery, 790, 790f 
reconstruction, 790 
Temporomandibular joint syndrome, 
314 
Temporoparietal fascial flap, 2830, 
2831f 
Tension, 2849 
Tension-type headache 
diagnostic criteria, 308-309, 308t 
epidemiology, 308 
pathogenesis, 308 
treatment, 309 
Teratomas, 1600, 2375 
Tetanus, wounds, 1111, 1112t 
Thermal injuries, external ear, 2347 
Thermoplastic splints, 2180-2181 
Thiamine deficiency, 2729-2730 
Thoracic injuries, secondary survey of 
trauma, 1102-1103, 1102f 
Thoracostomy, tube, in trauma patients, 
1097, 1097f 
Thornton adjustable positioner, 2180, 
2181f 
Three-dimensional photography, 
2768-2769, 2768f 
Thrombocytopenia, 28, 498 
Thromboembolic disease 
diagnosis of, 31 
management of, 31 
prevention of, 30-31 
pulmonary embolism in, 31 
preoperative, 31 
risk factors for, 30 
Thrombosis 
jugular vein, 1832 
lateral sinus, 2444 
venous sinus, 582 
Thulium laser, 1088 
Thyroglossal duct cysts, 2115 
antimicrobials, 1613 
dermoid cysts, 1614-1615, 1615f 
ectopic thyroid, 1613-1614 
lingual thyroid, 1613-1614 


in midline of neck, 1612, 1612f 
postsurgical recurrence of, 1612-1613 
Sistrunk procedure, 1612, 1612f, 1613f 
suture-guided transhyoid pharyngotomy, 
1613 
Thyroid 
adenoma, 2120 
anatomy of, 16, 16f 
disorders of, preoperative management 
of, 32-33 
myxedema coma, 258 
neoplasms. See Thyroid cancer 
orbitopathy, 144, 145f 
and parathyroid surgery, 50-51, 50f 
scintigraphy, 161-162, 162f, 162t 
synthesis, 256-257 
thyroid storm, 257-258 
triiodothyronine and thyroxine, 256, 
257 
Thyroid cancer, 125, 1603 
anaplastic carcinoma, 2120-2121 
differentiated. See Differentiated thyroid 
cancer 
EBRT, 2126 
follicular carcinoma, 2120 
Hurthle cell carcinoma, 2120 
lymphoma, 2121, 2039 
medullary thyroid carcinoma, 
2127-2128 
molecular basis of, 2116-2117, 2117f 
nodules, evaluation 
clinical assessment, 2117 
CT, MRI, and PET/CT, 2118 
fine-needle aspiration and molecular 
markers, 2118-2119, 2118t 
laboratory studies, 2117-2118 
radionuclide thyroid scan, 2118 
ultrasound, 2118 
workup, 2119-2120, 2119f 
papillary carcinoma, 2120 
postoperative risk stratification, 2125, 
2125t 
postoperative staging system, 2125 
primary squamous cell carcinoma, 
2121 
radioactive iodine treatment, 2125 
risk factors of, 2116 
stage groupings, 2121, 2122t 
surgical anatomy and embryology 
ectopic thyroid tissue, 2115 
parafollicular C cells, 2115 
thyroglossal duct cyst, 2115 
systemic therapy, 2126 
thyroid adenoma, 2120 
TNM staging for, 2121, 2121t 
total thyroidectomy, 2123 
TSH suppression, 2125 
Thyroid cartilage fracture 
blunt cervical trauma, 1141 
diagnosis, 1142 
surgical treatment, 1146-1147, 1147f 
thyrotomy, 1147, 1148f 
treatment decision making, 1145, 1145t 
Thyroid isthmus 
pediatric tracheotomy, 1386, 1388f 
Thyroid storm, 257-258 
medical control of, 33, 33t 


Thyroid-associated orbitopathy, 231, 231f, 
2071 
Thyroidectomy, 49 
Thyroid-stimulating hormone, 252 
Thyrotoxic crisis, preoperative manage- 
ment of, 33, 33¢ 
Tic disorders, 1034 
Tinnitus 
classification, 2597 
complementary and alternative medi- 
cine, 323 
diagnostic evaluation, 2598 
history, 2597-2598 
physical examination, 2598 
pulsatile tinnitus. See Pulsatile tinnitus 
subjective nonpulsatile tinnitus 
diagnostic evaluation, 2601-2602, 
2601f 
etiology, 2598-2600, 2599t, 2600t 
hyperacusis, 2601 
retraining therapy, 2602-2603, 
2602f 
risk factors, 2600-2601, 2600t 
treatment, 2602-2604 
Tisseel (Baxter), 52 
Tissue expansion 
advantages and disadvantages, 2849, 
2850t 
alopecia 
applications, 2851-2852 
complications, 2854 
conventional long-term, 2852-2853, 
2852f-285 6f 
physiology, 2851 
rapid intraoperative, 2853-2854 
skin biomechanics, 2849-2850 
tissue expanders, 2852, 2852f 
types, 2850-2851, 2851t 
Tissue reactivity, suture material selection, 
22 
Tissue substitutes, 53 
Titanium implant, 2786 
Tobacco use 
clinical intervention, 330t 
advise, 331 
arrange, 332 
ask, 330 
assess, 331 
assist, 331-332, 332t 
multimodality treatment 
intensive counseling, 332 
pharmacotherapy, 333-336, 334t 
perioperative considerations, 336-337 
programs and resources, 336 
Toll-like receptors, 380 
expression of, 380, 381f 
signaling, cell biology, 380f 
Tongue 
anatomy of, 11-12, l1f 
retaining device, 2180, 2181f 
squamous cell carcinoma, 146f 
Tongue-hold maneuver, 842, 843f 
Tonsillectomy, 49 
adenotonsillar disease, in children, 
1437 
Topical decongestants 
nonallergic rhinitis, 472 
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Topical hemostatic agents, 52 
Tori, 2106 
Tort reform, 3278-3279 
Total laryngectomy, 1972 
Total ossicular replacement prosthesis, 
2466, 2481-2485, 2483f 
Total parenteral nutrition, preoperative, 
26, 27 
Total thyroidectomy, 2123 
Toxoplasmosis, 291, 1526-1527 
Trachea 
pediatric tracheotomy, 1389, 1390f 
stenosis, 1361 
transplantation 
allograft, 891-892 
bioengineered tissue, 892 
tumors 
clinical presentation 
history, 1990, 1991t 
imaging, 1990, 1992f 
definitive surgical management 
cricotracheal resection, 1994 
extended resection, 1995 
laryngeal-tracheal resections, 
1995 
lymphadenectomy, 1995 
tracheal resection, 1992-1994, 
1994t 
endoscopic and nonoperative man- 
agement, 1995-1996 
initial airway management, 
1991-1992 
pathology of, 1990, 1991t, 
1996-1997 
adenoid cystic carcinoma, 1996 
cervical trachea, 1996 
metastatic tumors, 1997 
squamous cell carcinoma, 1996 
Tracheitis, 881-882 
Tracheobronchial and esophageal obstruc- 
tion 
pathophysiology, 1308-1309 
postnatal diagnosis, 1314-1316, 
1315f 
prenatal diagnosis, 1309, 1309f-1310f 
treatment 
congenital tracheal stenosis, 
1322-1324, 1322f-1324f 
tracheoesophageal fistula, 1322, 
1322f-1323f 
Tracheoesophageal fistula, 1322, 
1322f-1323f, 1346 
Tracheoesophageal puncture 
for voice restoration during laryngec- 
tomy, 1979-1981, 1981f, 
1982f 
Tracheo-innominate artery fistula 
pediatric tracheotomy, 1393 
Tracheostoma construction, 1982 
Tracheostomy 
and aspiration, 861 
bilateral vocal fold immobility, 1020 
Tracheotomy, 2233. See also Pediatric 
patients 
cricothyrotomy, 919-920, 920f, 921f 
emergency tracheotomy, 920-924 
history of, 917-918 
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Tracheotomy (Continued) 
indications for, 918-919 
intraoperative complications, 933t 
fire, 934 
hemorrhage, 933 
pneumomediastinum, 933 
pneumothorax, 933 
tracheoesophageal fistula, 933 
modifications 
Bjork flap, 927 
complications, 929 
cuffed tracheostomy tube, 928-929 
inferior skin flap, 928, 932f 
omega skin incision, 928, 930f 
superiorly based flap, 928, 931f 
open surgical tracheotomy 
adults, 926, 928f 
children, 926, 928f 
electrocautery, 927 
neck tapes, 926 
patient position, 925 
preoperative planning, 924-925, 925t 
thyroid isthmus, 926, 927f 
thyroid isthmus retraction, 926, 927f 
trachea, 927 
traction sutures, 926, 928f 
transverse incision, 925-926, 926f 
Trousseau dilator insertion, 926, 929f 
percutaneous dilatational tracheotomy 
anesthesia, 938-939 
complications, 941-942 
cost analyses, 936 
critically ill patients, 936 
instruments, 937-938, 938f, 939f 
patient selection, 937, 937t 
personnel, 937 
postoperative considerations, 941 
preoperative planning, 937 
technique, 939-941, 639f-641f 
postoperative care 
accidental decannulation, 931, 932f 
decannulation, 932-933 
humidification, 931 
meticulous local wound care, 931 
patient positioning, 930 
preoperative teaching, 929-930 
speaking valve, 932 
tracheal suctioning, 930-931 
tracheostomy tube exchanger, 931-932 
postoperative complications 
depressed scar, 936 
displaced tracheostomy tube, 934 
granulation tissue, 935, 935t 
hemorrhage, 934 
subcutaneous emphysema, 935 
tracheal stenosis and tracheomalacia, 
936 
tracheocutaneous fistula, 936 
tracheoesophageal fistula, 935 
tracheoinnominate artery 
rupture, 935-936 
tube obstruction, 934 
wound infection, 934 
Traditional chinese medicine, 319-320 
Transcolumellar incisions, 2944, 2945f 
Transfusion Requirement in Critical 
Care trial, 57 


Transfusions 
complications of, 27 
preoperative, 27-28 
Transient evoked otoacoustic emissions, 
1524 
Transient loss of vision, 223 
Transient receptor potential vanilloid type 
receptor, 472 
Transitory otoacoustic emission, 1481 
Transnasal esophagoscopy 
complications, 834 
endoscope placement, 832-833, 833f 
flexible endoscopic evaluation of swal- 
lowing, 834 
fluoroscopic video-esophagram, 832 
indications, 831-832 
patient position, 832, 832f 
Transoral laser microsurgery 
glottic cancer, 1951, 1951f, 1952f 
supraglottic cancer, 1944f, 1945f 
aryepiglottic fold, 1946 
complications, 1946 
contraindications, 1943-1944 
endoscopic surgery classification, 
1943, 1945t 
false cord, 1946 
frozen section analysis, 1946 
hemostasis, 1946 
infrahyoid epiglottis, 1944-1946, 
1944f 
postoperative care, 1946 
suprahyoid epiglottis, 1944 
surgical procedure, 1944 
Transoral robotic surgery, 1905-1906 
Transorbital neuroendoscopic surgery, 
2077 
Transverse cordotomy 
bilateral vocal fold immobility, 1021, 
1021f 
Trauma, 711-712, 712f 
acoustic, 2532 
blunt, 1141-1142 
hearing loss 
head trauma, 1531-1532 
noise-related hearing loss, 1530-1531 
ototoxicity, 1531 
management, 1105 
metabolic response, 1094 
neuroendocrine response, 1093-194 
penetrating, 1142 
primary survey 
airway, 1094-1096, 1095f, 1096f 
breathing, 1097, 1097f, 1098f 
circulation and shock, 1097-1100, 
1110f 
role of otolaryngologist, 1105 
salivary gland disease, 1477 
secondary survey 
abdominal injuries, 1103-1104 
extremity injuries, 1104 
head and spine injuries, 1100-1101, 
1100f, 1101¢ 
inhalation injuries, 1104-1105 
neck injuries, 1101-1102, 1101f 
thoracic injuries, 1102-1103, 1102f 
Traumatic displacement, implant, 2795 
Traumatic eosinophilic granuloma, 754 


Treacher Collins syndrome, 124 
in hearing loss, 1543t, 1549 
hearing loss in, 1632-1633, 1633f 
Trichilemmomas, 3215 
treatment of, 3226 
Trichoepitheliomas, 3215 
treatment of, 3226 
Trichofolliculomas, treatment of, 3226 
Trichophytic forehead lift, 305 8f, 
3063-3064, 3063f, 3064f 
Tricyclic antidepressants, 207-208 
Trigeminal nerve block, 237 
Trigeminal neuralgia, 312, 312¢t 
Triiodobenzoic acid derivatives 
sudden sensorineural hearing loss, 2592 
Trimethoprim-sulfamethoxazole, 133 
Trisomy, 122 
Trisomy 21 
hearing loss in, 1552, 1626 
Tube feeding, preoperative, 27 
Tube thoracostomy, 1097, 1097f 
Tuberculosis, 284-286, 285f, 704 
cerebellopontine angle, 2580 
stomatitis, 743-744 
Tuberculous 
adenitis, 804f 
Tubocurarine, 243 
Tubular necrosis 
acute, 63-64, 64f 
Tularemia, 289 
Tumor 
debulking, 1995 
hypoxia imaging, 166 
perfusion imaging, 166-167 
Turbinate(s) 
hypertrophy of 
complications 
atrophic rhinitis, 619 
empty nose syndrome, 618-619 
rhinitis sicca, 618 
reduction in 
carbon dioxide laser, 617-618 
cryosurgery, 618 
electrocautery, 617 
inferior turbinate outfracture, 617, 
617f 
microdebrider-assisted inferior tur- 
binate reduction, 618, 618f 
radiofrequency-assisted, 617 
submucosal resection, 618, 618f 
submucous diathermy, 617 
inferior 
anatomy and function of, 362 
hypertrophy of, nasal obstruction, 364 
Turner syndrome, 122, 1640 
in hearing loss, 1552 
Tylosis, 125 
Tympanic membrane, 1479, 1480, 1480f 
development of, 2241 
Tympanomeatal flap 
design of, 2495, 2495f 
elevation technique, 2495, 2495f, 
249 of 
Tympanometry, 1480, 2278-2279, 
2279f 
Tympano-ossicular reconstruction, 2482, 
2483f 


Tympanoplasty 


applied tympanic membrane mechan- 


ics, 2469 
atelectasis, 2476-2477 
auricular cartilage graft, 2470 
canal incisions, 2469, 2470f-2472f 
composite perichondrium-cartilage 


island graft, 2472-2473, 2473f 


definition, 2465 
drumhead preparation, 2469-2470 


lateralized tympanic membrane, 2477 


mini split-thickness skin graft, 2473 

open mastoid cavity, 2477 

overlay repair, 2474, 2475f, 2476 

preoperative evaluation, 2467, 2469 

principles, 2469 

surgical exposure of, 2469, 2470t 

types of, 2465-2466 

underlay repair, 2473, 2474f 
Tympanostomy tube 

audiologic examination, 1497-1498 

complications, 1498 

displacement of, 1499 

indications for, 1499 

ototopical drops, 1497 

selection of, 1497 

tympanosclerosis and atrophy, 1498 

water precautions, 1499-1500 


U 
Ulcerative colitis, 748 
Ulcerative hemangiomas, 1582, 1582f 
Ulcerative laryngitis, idiopathic, 980 
Ulcerative scalp hemangiomas, 1582, 
1582f 
Ulcers 
of lip, differential diagnosis of, 1790 
stress 
preventive management of, 39 
treatment of, 39 
Ultrasound 
advantages of, 157 
fine needle aspiration, 160f 
indications and technique, 157-158 
principles, 156 
Ultrasound-guided biopsy, 180 
Uncomplicated chronic otorrhea, 2400 
Underlay tympanoplasty, 2473, 2474f 
Unified airway 
allergic rhinitis 
allergic march, 553 


pathophysiology and inflammation, 


553-554 
treatment, 554 


chronic otitis media with effusion, 553 


chronic rhinosinusitis and asthma 
cystic fibrosis, 555 
inflammation, 554 


medical and surgical treatment, 554 


Samter triad, 554-555 
loss of nasal protection, 553 
nasobronchial reflex, 553 
upper and lower airways, 550 
Unilateral vestibular function 
episodic excitation 


benign paroxysmal positional vertigo, 


2708-2710, 2709f 


bilateral vestibular hypofunction, 
2712 
superior canal dehiscence syndrome, 
2710-2712 
immune-mediated inner ear disease, 
2706-2707 
Méniere syndrome, 2701-2704 
migrainous vertigo, 2704-2705 
perilymph fistula, 2705-2706 


Unilateral vocal fold paralysis 


etiology 


bilateral innervation of interarytenoid, 


1005f 
causes of, 1004, 1006t 
idiopathic and miscellaneous, 1007 
medications, 1007 
neurological disease, 1006-1007 
nonlaryngeal malignancies, 1006t 


recurrent laryngeal nerve, 1004, 1005f, 


1007 
surgical or iatrogenic of, 1006, 1006t 
systemic diseases, 1007 
history 
airway, 1008 
vocal inventory, 1008 
vocal quality and swallowing, 1007 
pediatric voice, 1377-1378 
physical examination 
laryngeal, 1008-1010, 1008f-1010f 
neck, 1008 
treatment 
classical teaching, 1012-1013 
early surgical intervention, 1014 
injection augmentation, 1014-1015, 
1014t, 1015f 
laryngeal framework surgery, 
1015-1017 
laryngeal reinnervation, 1017 
management, 1011-1012 
nimodipine, 1017 
patient factors, 1012, 1013t 
workup 
imaging, 1011 
laryngeal electromyography, 1011, 
1012f, 1013f 
serology, 1010-1011 


Universal newborn hearing screening, 


1507 


Unsteadiness, 2302 


vestibular and balance laboratory study, 
2302 


Unterberger (Fukuda) stepping test, 2695 
Upper airway anatomy and function 


circulatory reflexes, 875-876 
larynx 
anatomy, 870-874 
physiology, 874-875 
in nonhuman mammals, 868 
pharyngeal 
anatomy, 868, 869f 
physiology, 869 
sagittal view of, 869f 
speech regulation 
articulation, 877 
phonation, 876 
resonance, 876-877 
voice control, 877 
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Upper airway stenosis 
etiology, 880t 
idiopathic stenosis, 881 
laryngitis and tracheitis, 881-882 
laryngopharyngeal reflux, 881 
origin of, 879 
relapsing polychondritis, 881 
trauma, 879-880 
Wegener granulomatosis, 880-881 
evaluation 
imaging, 882-883 
operating room-based direct laryngos- 
copy, 883 
physical examination and office 
endoscopy, 882 
pulmonary physiologic testing, 883 
reflux testing, 883 
glottic stenosis, 884-885, 884f, 885f, 885t 
nonoperative management, 883 
subglottic and tracheal stenosis 
corkscrew subtype, 886, 886f 
Cotton-Meyer staging system, 
885-886, 885t 
cricotracheal resection, 887-889, 888f 
endoscopic management, 886-887 
inflammatory tissue and cartilaginous 
collapse, 886, 886f 
laryngeal releasing procedures, 890 
mitomycin-C, 887 
simple thin fibrous, 886, 886f 
tracheal resection, 889-890, 889f 
supraglottic stenosis, 883-884, 884f 
tracheal stents 
autografts, 891 
placement, 890 
tracheotomy tube, 891, 891f 
used for, 890 
tracheal transplantation/tissue engineering 
allograft, 891-892 
bioengineered tissue, 892 
Upper digestive tract 
anticipatory phase, 817-818 
breathing and swallowing, 823 
dysphagia, 817 
esophageal phase, 822, 822f 
oral preparatory phase, 818-819, 818t 
oral transfer phase, 819, 820f 
pharyngeal phase 
hyolaryngeal complex elevation, 821, 
821f 
inverted epiglottis, 821, 821f 
relaxed upper esophageal sphincter, 
821, 822f 
velum elevation, 820, 820f 
Upper mediastinal lymph node dissection, 
1825 
Upper respiratory infection, 134-135, 373 
Usher syndrome, 123, 1543¢, 1547, 
1633-1634 
Uvulopalatopharyngoplasty, 2230-2231 


Vv 
Vaccines 
meningitis, 1518-1519 
for otitis media, 1488-1490 
P. multocida, 483 
for Streptococcus Pneumoniae, 1300 
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7-Valent pneumococcal conjugate vaccine, 
135 
Valsalva maneuver 
larynx, 952 
van der Woude syndrome, 1557, 
1640-1641 
Vanadium implant, 2786 
Vancomycin, 40, 133 
Varenicline 
tobacco cessation, 333, 335 
Vascular cell adhesion molecule 1, 400 
Vascular ectasias, laser procedures, 1088 
Vascular tumor(s) 
angiosarcoma 
epidemiology, 2019-2020 
etiologic factors, 2020, 2020t 
molecular analysis, 2020-2021 
pathology, 2020 
staging, 2021, 2021 
treatment, 2021-2023, 2022f 
cerebellopontine angle, 2579-2580 
classification of, 1999, 2000t 
facial, 3216-3217, 3217f 
hemangioma. See Hemangiomas 
hemangiopericytoma 
architectural pattern of, 2017 
chemotherapy, 2019 
clinical presentation, 2018-2019 
diagnosis of, 2018 
radiation therapy, 2019 
treatment, 2019 
juvenile nasopharyngeal angiofibroma 
diagnosis of, 2025, 2026f 
endoscopic and endoscopic-assisted 
approaches, 2028 
epidemiology and pathogenesis, 
2023 
growth patterns, 2024-2025, 2024f, 
2025f 
open surgery, 2027-2028, 2027t 
radiation therapy, 2028 
staging, 2025-2026, 2027t 
surgical approaches, 2026-2027 
Kasabach-Merritt phenomenon, 1579 
lymphatic malformations 
cystic hygromas, 1585 
microcystic and macrocystic malfor- 
mations, 1585, 1585f 
microcystic malformations, 1585 
respiratory obstruction, 1586 
sclerotherapy, 1586 
Turner syndrome, 1586 
neoplasms, 2061, 2061t 
orbital 
capillary hemangioma, 2066 
cavernous hemangioma, 2066, 2067f 
lymphangioma, 2066-2067 
paraganglioma. See Paraganglioma 
vascular malformations 
capillary malformations, 1583-1584, 
1583f 
diagnostic modalities, 1583 
venous malformations, 1584, 1584f 
Vasculitides 
Behcet disease, 278 
Churg-Strauss syndrome, 276 
Cogan syndrome, 278-279 


giant cell (temporal) arteritis, 277-278 
immune complex-mediated, 276 
Kawasaki disease, 279 
Kikuchi-Fujimoto disease, 279 
microscopic polyangiitis, 277 
polyarteritis nodosa, 275-276 
Wegener granulomatosis, 276-277 
Vasculitis, orbital, 2071 
Vasoactive agents 
cardiovascular effects of, 58t 
pitfalls 
cardiac valvular disease, 58 
diastolic dysfunction, 57-58 
systolic left ventricular failure, 57 
tachycardia, 58 
relative receptor activity of, 58t 
vasoprtessor requirements, 58-59 
Vasodilators 
sudden sensorineural hearing loss, 2592 
Vasopressin, 59 
Velocardiofacial syndrome, 1632, 1632f 
Velopharyngeal incompetence, in 
Shprintzen syndrome, 1631-1632, 
1632f 
Velopharyngeal insufficiency, 1561-1562, 
1568 
Venous lakes, 3217 
treatment, 3227 
Venous malformations, 1584, 1584f, 3206 
Venous sinus thrombosis, 582 
Venous thromboembolism prophylaxis 
surgery 
complications, 23-24 
incidence, 24 
tisk profiles, 24, 24t 
Ventricular obliteration, 966f 
Vermilionectomy, for cancer 
reconstruction after, 1794 
Verrucae, 3228 
treatment of, 3228 
Verrucous carcinoma, 191f 
Vertebrobasilar insufficiency, 199-200 
Vertebrobasilar ischemia, 2726 
Vertical hemilaryngectomy, 1970 
Vertical partial laryngectomy, 1953 
Vertigo, 323, 2302. See Dizziness 
Vestibular and balance laboratory study 
case examples, 2310-2312 
dizziness, 2302 
dynamic visual acuity, 2309 
electronystagmography/videonystag- 
mography, 2303-2307 
gaze stabilization test, 2309 
head-impulse test, 2308 
migraine disorders, 2302 
off-axis total body rotation, 2307, 
2308f 
on-axis total body rotation, 2307, 2308f 
unsteadiness, 2302 
VEMP threshold response curves, 2308, 
2309f 
vertigo, 2302 
vestibular-evoked myogenic potential, 
2307 
video oculography, 2310 
visual acuity problems, 2310 
in young child, 2302 


Vestibular brainstem 
reciprocal inhibition, 2300 
vestibular nuclei, 2299-2300 
vestibuloocular reflexes, 2300 
Vestibular disorders 
peripheral, 2701-2713 
clinical presentation, 2702t 
in unilateral lesions 
benign paroxysmal positional ver- 
tigo, 2708-2710, 2709f 
bilateral vestibular hypofunction, 
2712 
immune-mediated inner ear disease, 
2706-2707 
Méniere syndrome, 2701-2704 
migrainous vertigo, 2704-2705 
perilymph fistula, 2705-2706 
superior canal dehiscence syn- 
drome, 2710-2712 
Vestibular dysfunction, aging, 2620-2621 
Vestibular hair cells 
cupula, 2293-2294 
mechanoelectrical transduction chan- 
nels, 2294 
polarization of, 2295f 
polarization vector, 2294 
sensory neuroepithelium, anatomy and 
physiology of, 2293, 2294f 
Vestibular injury, as complication of tym- 
panomastoid surgery, 2462 
Vestibular labyrinth 
ampulla, 2292 
head rotation, 2292 
innervation, 2291, 2292f 
otolith organs, 2291 
vertical canals orientation, 2291, 2292f 
Vestibular neuritis, 2706 
Vestibular rehabilitation, 2733-2742 
factors affecting recovery, 2736 
innovations in, 2739-2742, 2740f, 2741f 
outcome measures 
Activities-specific Balance Confidence 
scale, 2735 
clinical test of sensory integration and 
balance, 2736 
five times sit to stand test, 2736 
gait and balance measurement, 2735 
Timed Up and Go test, 2736 
Verbal and visual analog scales, 2735 
Vestibular schwannoma, 213, 213f 
clinical presentation, 2559 
diagnosis 
audiologic behavioral evaluation, 
2559-2560 
computed tomography, 2561 
electrophysiologic evaluation, 
2559-2560 
magnetic resonance imaging, 
2560-2561, 2560f, 2561f 
vestibular assessment, 2560 
epidemiology, 2558 
histopathology, 2558-2559 
microsurgery, 2563-2565, 2564f, 2565f 
molecular biology, 2559 
surgery for 
emergencies after tumor removal, 
2573-2574, 2573t 


middle cranial fossa approach, 2565, 
2566f-2567f, 2567-2568 
retrosigmoid-suboccipital approach, 
2568, 2569f-2570f 
stereotactic radiosurgery as, 
2562-2563, 2562f 
translabyrinthine approach, 2568, 
2570, 2571f-2572f, 2572-2573 
treatment, 2561-2562 
Vestibular system 
aging, 2618-2619, 2618¢ 
cellular anatomy of 
supporting cells, 2295 
vestibular afferent neurons, 
2295-2296 
vestibular efferent neurons, 2296 
vestibular hair cells, 2293-2295, 
2294f, 2295f 
function and anatomy of, 2291-2301 
gross anatomy of, 2291-2293 
mechanotransduction 
basic physics of, 2296-2297 
in otolith organs, 2298-2299 
in semicircular canals, 2297-2298 
vestibular brainstem, 2299-2300 
Vestibular-evoked myogenic potential 
Méniere syndrome, 2703-2704 
vestibular and balance laboratory study, 
2307 
Vestibuloocular reflexes, 2300 
Vibratory source, professional voice, 1063, 
1063t 
Video oculography, 2310 
Video teleconferencing, 3361-3362 
Videoendoscopy, middle ear states, 1480f 
Videonystagmography 
caloric irrigation testing, 2306-2307 
electrodes, 2303 
hallpike and roll tests, 2306 
headshake test, 2305-2306 
hyperventilation testing, 2305 
monocular recordings, 2303, 2304f 
oculomotor evaluations 
gaze stability testing, 2303-2304 
optokinetic nystagmus, 2305 
saccade evaluation, 2304-2305 
smooth pursuit tracking, 2305 
spontaneous nystagmus, 2305 
static positional testing, 2306 
Videostroboscopy 
pediatric voice, 1373, 1373f-1374f 
Vidian neurectomy, 472-473 
Villaret syndrome, 2361 
Viral infection(s) 
pharyngitis in, 758t, 760, 761, 763-765 
stomatitis 
herpes simplex virus, 742-743, 742f 
HIV-associated stomatitis, 742-743 


sudden sensorineural hearing loss, 2590, 


2593-2594 

viral sialadenitis, 1468-1469 
Viral laryngitis, 978, 979f 
Viral lymphadenitis 

acute, 1595 
Viscoelasticity, 2850 
Vision loss 

gradual, 221-222 


orbital fracture, 1238 
sudden, 222-223 
transient, 223 
Visual acuity problems, 2310 
Visual reinforcement audiometry, 1481, 
1513-1514, 1514f 
Vitamin D, 254-255 
Vitamin E 
scar camouflage, 2868-2869 
Vinca alkaloids, ototoxicity, 2543-2544 
Vincomycin, ototoxicity, 2544 
Vocal difficulties 
acoustic analysis, 1072, 1072f 
complaints, 1069 
finding discussion, 1072 
history, 1069, 1069t, 1070f-1071f, 1071 
laryngeal examination, 1071 
physical examination, 1071, 1071f 
stroboscopy, 1071-1072 
Vocal fold(s) 
atrophy, voice therapy, 1055 
bilateral paralysis of 
clinical presentation and evaluation, 
1017-1020, 1018f, 1020f 
etiology, 1017, 1017¢, 1018t 
fiberoptic laryngoscopy, 1018, 1018f 
history, 1018-1019 
imaging, 1019 
laryngeal electromyography, 1019 
laryngoscopy and palpation, 1019- 
1020, 1020f 
management, 1020-1022, 1021f 
physical examination, 1019 
serology, 1019 
edema, 966f 
laceration, repair of, 1146, 1147f 
larynx, 949, 949f 
lesions 
epithelial abnormalities 
keratotic lesions, 989-990 
pathophysiology, 989 
lamina propria. See Lamina propria; 
Lamina propria, vocal fold 
phonomicrosurgery. See 
Phonomicrosurgery 
Reinke edema, 996, 996f 
vascular lesions, 996 
mucosa, larynx, 874f 
nodules, cysts, and polyps 
pediatric voice 
endoscopic examination, 1375, 
1376f 
hourglass closure configuration, 
1375, 1375f 
nonoperative management, 1376 
operative management, 1376-1377 
phono-traumatic event, 1375 
paralysis, voice therapy, 1055 
professional voice 
approximation, 1064 
tension, 1064-1065, 1064f 
unilateral paralysis of 
classical teaching, 1012-1013 
early surgical intervention, 1014 
etiology, 1004-1007, 1005f, 1006t 
history, 1007-1008 
imaging, 1011 
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injection augmentation, 1014-1015, 
1014t, 1015f 

laryngeal electromyography, 1011, 
1012f, 1013f 

laryngeal framework surgery, 1015-1017 

laryngeal reinnervation, 1017 

management, 1011-1012 

nimodipine, 1017 

patient factors, 1012, 1013¢ 

physical examination, 1008-1010, 
1008f-1010f 

serology, 1010-1011 


Vocal function exercises, voice therapy, 


1053 


Vocal performance styles, professional 


voice, 1065-1066, 1065f, 1066t 


Vocal registers, 1066, 1066t 
Vocal tract, professional voice, 1061, 1061f 
Voice. See also Larynx 


abuse of 
vocal therapy and reduction of, 1049 
anatomy 
age-related changes in, 950-951, 950f 
cricoarytenoid joint, 947 
cricoid cartilage, 945 
epiglottis, 946 
fibroblastic membranes, 946, 946f 
membranous vocal fold, 949-950, 
949f 
muscles and nerves, 947-949, 948f 
posterolateral projection, 945-946 
supporting framework of, 945, 946f 
vertical section, 946f 
classification, 1065-1066, 1065f 
clinical evaluation 
examination, 954-955 
history, 953-954 
physiology 
airway protection, 951 
phonatory glottic cycle, 952-953, 952f 
respiration, 951-952 
valsalva maneuver, 952 


Voice Handicap Index, 825, 826t, 953, 


1070f-1071f 


Voice rehabilitation following laryngec- 


tomy, 1978-1987 
alaryngeal speech, 1978 
complications of, 1984-1985, 1985t 
emergencies in, 1987 
operative procedure, 1978 
pharyngeal constrictor 
separation, 1978, 1979f 
spasm, 1984, 1984f 
postoperative rehabilitation, 
1985-1986, 1985f, 1986f 
primary voice restoration 
selection criteria, 1981-1982 
surgical technique, 1982-1983, 1982f, 
1983f 
shunts and valves, 1979 
tracheoesophageal puncture 
surgical procedure, 1980-1981, 
1981f 
timing and patient selection, 
1979-1980 
tracheoesophageal speech, 1986-1987 
voice quality, 1987 
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Voice therapy 
approaches 
accent method, 1050 
confidential, 1050-1051 
flow phonation, 1052-1053 
Lee Silverman voice treatment, 
1051 
manual circumlaryngeal techniques, 
1051-1052 
resonant voice, 1052 
respiratory retraining, 1052 
semioccluded vocal tract, 1053 
vocal function exercises, 1053 
appropriate referrals for, 1054-1055, 
1054¢ 
limitation to success, 1055 
phonotrauma reduction, 1049-1050, 
1050f 
professional voice, 1073-1074 
reasons for success or failure, 1056f 
success, connotations of, 1056 
venn diagram, 1048, 1049f 
vocal hygiene, 1048-1049 
Von Recklinghausen disease, 1630 
hearing loss, 1548-1549 
von Willebrand disease, 27, 28, 498 


WwW 
Waardenburg syndrome, 124, 1543t, 
1549-1550, 1634, 1634f 
Waldeyer ring lymphomas, 2037, 
2038f 
Wallenberg syndrome, 2721, 2725-2726 
Warfarin, 29 
Warthin tumor, 186f, 1762, 1763f 
Warts, 3219-3220, 3220f 
treatment of, 3228 
Weber syndrome, 202 
Webster-modified Bernard cheiloplasty, 
1800, 1801f 
Wedge excision technique, 2232 
Wegener granulomatosis, 276-277, 539, 
747, 880-881, 980 
clinical diagnosis, 493 
clinical presentation, 494 
diagnostic criteria of, 493, 494t 
etiology, 493 


immunosupptessive therapy, 494 
otologic manifestations, 2522 
respiratory symptoms, 494 
signs and symptoms, 493 
surgical treatment, 494 
Well-differentiated thyroid cancer, 2116 
Whistling face syndrome, 1641 
Wildervanck syndrome, 125 
Wilkes classification, temporomandibular 
joint, 3f 
Williams syndrome, 1641 
Winkler disease, 2370 
Witch's chin deformity, 3181 
Wolff-Chaikoff phenomenon, 257 
Work-related rhinitis, 474-475 
Wound(s) 


adhesive, 52-53 

classification, 23t 

neoplasms, 2059-2060, 2061t 

soft tissue injuries 
classification, 1109-1110 
management, 1110-1112, 1111f, 1112t 


Wound healing 


acute wounds, 75 
antimicrobial peptides, 84 
calreticulin, 84 
chronic wounds, 75 
coagulation and hemostasis phase, 
77-78, 78f 
cytokines in, 77¢ 
derangements of, 83 
factors affecting 
alcohol, 82 
arginine, 82-83 
collagen, 82 
diabetics, 81-82 
estrogen, age-related impairment, 81 
infections, 80-81 
inflammation, 81 
ischemia and tissue hypoxia, 80 
local edema, 80 
neuropathy, 82 
NSAIDs and glucocorticoids, 82 
obesity, 82 
protein, 82 
radiotherapy, 83 
smoking, 82 


stress, 81 
vitamin C and A deficiency, 83 
zinc deficiency, 83 
gene transfer, 84 
history, 75 
hyperbaric oxygen treatment, 83-84 
inflammatory phase, 76, 76f 
early inflammatory phase, 78 
late inflammatory phase, 78-79 
PH changes, 84 
proliferative phase, 79 
remodeling phase, 79-80, 80t 
tissue injury, 76, 76f 


W-plasty, for scar camouflage, 2862-2863, 


2863f 

Xx 

Xenographs, for soft tissue augmentation, 
3245 


Xeroderma pigmentosa, 125 
X-linked inheritance, 1629 


Z 
Zafirluka, 532 
Zenker diverticula, 166f, 864 
Zidovudine, 739t 
Zileuton, 532, 546 
Zithromax (Azithromycin), 1459¢ 
Z-line, assessment of, 834 
Z-plasty, for scar camouflage, 2861-2862, 
2862f 
Zygomaticomaxillary complex fractures, 
1280-1281 
articulation, 1215-1216, 1216t 
demographics and etiology, 1228, 
1228f 
goals of, 1215 
hardware, 1217, 1217f 
incisions, 1215-1216, 1216f 
issue, 1215 
maxilla, 1220-1221, 1220f 
orbital floor management, 1217-1218 
palate, 1219-1220, 1219f 
reduction method, 1217 
surgical indications, 1231 
zygomatic arch, 1218-1219, 
1218f-1219f 


